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Abstract

We show that the mathematical proof of the four colour thedrmdirectly
implies the existence of the standard model, together with quantum gravity
physical interpretation. Conversely, the experimentally observable standard
and quantum gravity show that nature applies the mathematical proof of tt
colour theorem, at the most fundamental level. We preserve all the esta
working theories of physics: Quantum Mechanics, Special and General Rel
Quantum Electrodynamics (QED), the Electroweak model and Qu:
Chromodynamics (QCD). We build ap these theories, unifying all of them w
Einstein's law of gravity. Quantum gravity is a direct and unavoidable conset
of the theory. The main construction of the Steiner system in the proof of tF
colour theorem already defines the gravitatil fields of all the particles of tl
standard model. Our first goal is to construct all the particles constitutir
classic standard model, in exact agreement Witooft's table[8]. We are able t
predict the exact mass of the Higgs particle #r@dCP violation and mixing anc
of weak interactions. Our second goal is to construct the gauge grou
explicitly calculate the gauge coupling constants of the force fields. We sho'
the gauge groups are embedded in a sequence along the cosahdiogitine in
the grand unification. Finally, we calculate the mass ratios of the particles
standard model. Thus, the mathematical proof of the four colour theorem
that the grand unification of the standard model with quantum gravitynipkte
and rules out the possibility of finding any other kinds of particles.
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Introduction

We show that the mathematical proof of the four colour theqfgrdirectly implies
the existence of the standard model, together with quantum gravity, in its pl
interpretation. Conversely, the experimentally observable standard model and g
gravity show that nature applies the mathematical proof of the &ourctheorem, &
the most fundamental level. We should emphasize that we preserve all the est
working theories of physics: Planck's Quantum Mechanics, Einstein's Speci
General Relativity, = Maxwell's  Electromagnetism, Feynman's Qua
Electralynamics (QED), the WeinbeigalamWard Electroweak model and Glashc
lliopoulos-Maiani's Quantum Chromodynamics (QCD). We build upon these the
unifying all of them with Einstein's law of gravity, exactly as dictated by the prc
the four colour heorem. There is no escaping gravity. The main construction ¢
Steiner system in the proof of the four colour theorem already defines the gravit
fields of all the particles of the standard model. We now present an overview

paper.

In Secton 1, we briefly review Special Relativity and Lorentz invarianceSéation 2
we sketch the derivation of the relativistic Schrédinger wave equation and

Schrédinger discs in the complex plane. A Schrodinger disc is defined in terms
wave function that is a solution to the Schrédinger wave equation, and various
of oriented Schrédinger discs will represent all the particles of the standard mc
Section 3 we present a short summary of the proof of the Four Colour Theore
introduce the labeledRiemann surface. All the particles of the standard model w
obtained by arranging copies of oriented Schrédinger discs on the latiiethann
surface, as dictated by the proof of the four colour theorem.

In Section 4 we definethe Particle Frame in terms of the labetdfiemann surface
Particle frames associated with sp#ioge points constitute a vector bundle
mathematical terminology, and a section of the vector bundle i.e. a particle frar
spacetime point, is calld a gauge in the physics terminology. Thus, physi
symmetries associated with sets of particles defined on a particle frame corres
gauge transformations The particle frame provides the general matheme
framework from which all the particle$ the standard model will be defined, toget
with their basic physical propertiespin, charge and mass We first specify the
evolution of the particle frame according to the cosmological timeline or equi
energy scales. Our first goal is to spgaifl the particles of the standard model as
presently observed.

To achieve this goal, we work with the particle frame structure that corresponds
present epoch in the cosmological timeline or equivalent energy scales. Each
particle n the standard model will be defined by selecting a particular Schrédinge
or the intersection of a particular set of Schrddinger discs from a particle frau
Section 4.1 we specify the Fermion Selection Rule;Section 4.2 we specify the
BosonSelection Rule; irBection 4.3 we specify the Higgs Selection Rule;Section
4.4, we specify the Spin Rule; fBection 4.5 we specify the Electric Charge Rule;
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Section 4.6 we specify the Electromagnetic, Weak, Strong and Gravitational C
Rule; in Section 4.7 we specify the Mass Rule; i8ection 4.8 we specify the
Equivalence Rule; isection 4.9 we specify the Antiparticle Rule; Bection 4.10we
specify the Helicity Rule; irBection 4.11 we specify theCP-Transformation Rule
and finally,in Section 4.12 we specify the Standard Model Completion Rule; U.
these rules, we achieve our first goal of defining all the particles constituting the
standard model, in exact agreement wittioofts table[8], as follows.

In Section 5 we explicitly define all the Fermions and their antiparticlefpiving all
the above rules:

Fermions Particle Name |Symbol | Type |Generation |Spin | Mass (MeV) | Charge | N
Section 5.1.1, 2 e-neutrino 3e Lepton || 1/2 [>0 0 1
Section 5.1.3, 4 electron e Lepton || 1/2 10.510999 -1 1
Section 5.1.5, 6 €-neutrino 3 Lepton [ Il 1/2 |>0 0 1
Section 5.1.7, 8 muon € Lepton |11 1/2 |105.6584 -1 1
Section 5.1.9, 10 | Uneutrino 3Q Lepton [ 1lI 1/2 [>0 0 1
Section 5.1.11, 12 | tau U Lepton | Il 1/2 1771 -1 1
Section 5.2.1, 2 up u Quark |1 1/2 |5 +2/3 3
Section 5.2.3, 4 down d Quark |1 1/2 10 -1/3 3
Section 5.2.5, 6 charm c Quark |1l 1/2 | 1600 +2/3 3
Section 5.2.7, 8 strange s Quark |11 1/2 1180 -1/3 3
Section 5.2.9, 10 | top (truth) t Quark |1l 1/2 | 180000 +2/3 3
Section 5.2.11, 12 | bottom (beauty) | b Quark |1l 1/2 4500 -1/3 3

In Section § we explicitly define all the Bosons and their antipartictfelpwing all
the above rules:

Bosons Particle Name Symbol | Associated Force Field Spin | Mass (MeV) | Charge | N
Section 6.1.1, 2 | photon 2 electromagnetic force 1 0 0

Section 6.2.1, 2| vector bosorZ° z° neutral carrier of the weak force |1 91188 0

Section 6.3.1, 2 | vector bosow* w* positive carrier of the weak force | 1 80280 +1 1
Section 6.4.1, 2 | vector bosorw wW negative carrier othe weak force |1 80280 -1 1
Section 6.5.1, 2| gluon As strong force 1 0 0 8
Section 6.6.1, 2 | graviton g gravitational force 2 0 0 1
Section 6.7.1, 2 | scalar boson Higgs| H° Higgs field 0 125874 0 1

Note that we are able to predict the value of the Higgs mass quite precisely. A
CP violation of the weak interactions is a natural consequence of our definitions.

In Section 7 we define the Force Fields associated with the bosons in standaed
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In Section 7.1 we define the Electromagnetic Force FieldSkttion 7.1.1we review
Maxwell's Electromagnetic Field Equations.Saction 7.1.2we show how the photc
acts as the carrier of the electromagnetic forc&detion 7.1.3we give an example
a typical electromagnetic interaction: electeactron scattering. I18ection 7.1.4we
define the electromagnetic gauge group

Ge=U(1)

We explicitly define the observable gauge photon and show how the electrom
gauge grap acts on it by means of the electromagnetic gauge transformations.

In Section 7.2 we define the Weak Force Field. $ection 7.2.1we define the Yang
Mills Weak Field Equations. ISection 7.2.2we show how the %Zacts as the neutr
carrier of theweak force. InSection 7.2.3we give an example of a typical weak
interaction: muonic neutrinelectron scattering. Iisection 7.2.4 we show how th
W" acts as the positive carrier of the weak forceSdation 7.2.5we give an exampl
of a typicalweak W interaction: transformation of a down quark into an up qt
responsible for radioactivity. IrSection 7.2.6 we show how the Wacts as th
negative carrier of the weak force. $ection 7.2.7 we give an example of a typic
weak W interaction: again, transformation of a down quark into an up qt
responsible for radioactivity. The Wnd W are antiparticles of each other.3ection
7.2.8 wedefine the weak gauge group

Gw = SU(2)

We explicitly define the observable gauge vector bosoffs [&*], [W7] and show
how the weak gauge group acts on them by means of the weak gauge transfor
In Section 729 we show t hat =30 deWees (this & ra gunni
val ue). The Weadparbneterghataineg & relaship between the W
W and 2 masses, as well as the ratio of the welknEdiated interaction, called |
mixing.

In Section 7.3 we define the Strong Force Field.Section 7.3.1we define the Yang
Mills Strong Field Equations. Iisection 7.3.2 we show how the gluon acts as 1
carrier of the strong force. I8ection 7.3.3 we give an example of a typical strc
interaction: formation of a quaintiquark pair, called a meson. $ection 7.3.4 we
define the strong gauge group

Gs=SU(3)

We explicitly define the eight species of observable gauge gluons and show
strong gauge group acts on them by means of the strong gauge transformations

In Section 7.4 we define the Gravitational Force Field. 3ection 7.4.1 we review
GeneralRelativity and curved spadane. We define the curvature tensor, the R
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tensor and formulate Einstein's law of gravitation. Comparison with Newton's |
gravitation in the special case of flat spéicee shows that the components of
metric tensomust be viewed as potentials describing the gravitational fielsledtion
7.4.2 we show how to embed the particle frame in curved sfaee without sel
intersections. Then each of the Schrodinger discs of the particle frame ca
curvature and Rci tensors. Thus, ifsection 7.4.3 we can define the Gravitatior
Field Equations precisely as given by Einstein's law of gravitatidBedtion 7.4.4we
show how the graviton acts as the carrier of the gravitational forcgedhon 7.4.5
we give an example of a possible gravitational interaction: neutrino oscillatio
Section 7.4.6we define lhe gravitational gauge group

Gg= SU(5)

We explicitly define the twentfour species of observable gauge gravitons and :
how the gravitational gauggroup acts on them by means of the gravitational g
transformations.

In Section 8 we achieve our second goal, the Grand Unification of all the fc
electromagnetic, weak, strong and gravitational. Section 8.1 we follow the
cosmologicaltimeline into the past, from the present to the Big Bang (or equiv
energy scales), showing how the gauge gsarp embedded in a sequence

UL)Y SU@Q)Y SU@B)Y SU5)

during the unification and also showing how the Schrodinger discs are identified
particle frame during the unification. 8ection 8.2 we explicitly calculate all th
coupling constants using the topological structure of the particle frame. Thingc
constants are in excellent agreement witheexpentally observed values:

electromagnetic coupling conste (L = 1/137 & 7.29 x 10°
weak coupling constant U, = 1/137 & 3.89 x 10
strong coupling constant 0 =1

gravitational couplingconstant U, v (1/137% 1/137°% & (5.23 x 10?, 6.49 x 13

Finally, in Section 8.3 we explicitly calculate the mass ratios of the patrticles ir
standard model, using the topological structure of the particle frame. The mas
are inexcellent agreement with the known experimentally observed values. Se
units such thatte mass of the electron is 1:

up quark mass / down quark mass = 5/10 = 1/2
charm quark mass / strange quark m. = 1600/ 180 a8

top quark mass / bottoquark mass = 180000 / 4500 = 40
tau mass / muon mass = 1771/ 105.658 a 16
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electron mass / unit mass =1/1 =1

Z° mass / top quark mass = 91188/180000 a 12
Average Mixed’, W*mass / tau mass = (91188+80280) /2 /1771 a 48
W* mass Z’mass = 80280/91188 a4 a3

Higgs mass / Sum @f, W, W masses = 125874 / (91188+80280+8028 = 1/2

We have now calculated all the parameters that define the standard model
associated force fields, accordingttbloofts specificatior{8]. Thus, the mathematic
proof of the four colour theorem shows that the grand unification of the standard
with quantum gravity icomplete and rules out the possibility of finding any otl
kinds of particles.

1. Special Relativity

The spacdime of physics is defined by four real coordinates: the three
coordinatesX, Y, Z and the time coordinafé The theory of special relativi{$][7] is
concerned with inertial reference frames in which fdree particles do nc
experiene any acceleration with respect to the coordinate system. Inertial ref
frames are defined by the group of Lorentz transformations which are
transformations of the spatieme coordinates that leave the velocity of lighf,
invariant. A Lorentzransformation transforms one inertial reference frame to an
that is in uniform motion relative to the first. One of the main motivations
restricting the theory to inertial reference frames is that Maxwell's equatiol
electromagnetism remaianchanged if the spad¢gne coordinates are subjected
Lorentz transformations. Thus, according to the theory of special relativity, light
constant velocity of propagation, If a light signal in a vacuum starts from a sp
point (X, Y, Z) at thetime T, it spreads as a spherical wave and reaches a neigh
space pointX+dX, Y+dY, Z+d2) at the timel+dT. Measuring the distance traveled
the light signal, we must have

(cdT)* = (dX)*+(dY)*+(d2)’ (1.1)

Figure 1.1.A light signal isrepresented by a sphere of radius cdT centered at (X, *
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The equation (1.1) may be rewritten as

(cdT)*(dX)*(dV)*~(d2)* = 0 (1.2)

Equation (1.2) represents an objective relation between neighboringtspageoints
and it holds for all inertial reference frames provided the transformations
coordinates are restricted to those of special relativity, i.e. Lorentz transform&yc
considering the inertial reference frames of special relativity, it can also be sho\
the Lorentz transformations are precisely the linear transformations that leave tt
general quantity

(d9° = (cdD*(dX)*~(dY)*(d2)* (1.3)

invariant. Note, however, that the vanishing @§ in equation (1.3) does not img
that the two spaeBme points coincide; it means that the two sp@me points can b
connected by a light signal.

2. The Schrédinger Wave Equation

Several ingenious physical experiments performed during the early 1900's irre
demonstrated the dual nature of light waves (electromagnetic radiation) and par
matter: light waves behave like material particles and the particles of mattevé&
like light waves. Furthermore, physical quantities like energy always occur in di
packets, called quanta. The theory of quantum mechdfjcsvas developed t
describe these phenomena, and one of its fundamental rules is the unc
principle: it is impossible to specify precisely and simultaneously both the positic
the momentum of a physical particle. The main idea was to use concentrated |
of waves (called wave packets) to describe all particles (localized particles of
andquanta of electromagnetic radiation). A particle is described by a wave functi

q Q(1 Y’ Z1 T) (21]

that depends on the spaome coordinateX, Y,Z, T. The wave fun
three basic properties:

T g must be able to interfere with
diffraction experiments;
T @ must be | arge in magnitude wh

elsewhere, so that it describes the particle as a wave packet;

T @Q shoul d describe t he behavior
distribution of a number of particles, which accounts for the fact that a :
particle always interferes with itself and never with other particles.

We sketch the derivation of the Schrodinger wave equ@@ipwhose solution is th
required wave function (. The basic
denoted by the following symbols:
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m= mass
E = energy

p = momentum

h = Planck'sconstant

h=h 2~

> = wave |l eng
3 = frequency
¥y = 273 = andg
k= 2"/ & = pro

Let us first consider a free particle of completely undetermined position, moving
velocity much smaller thaq, with precisely known momentum and kinetic energy
accordance with the uncertainty principle. The propagation vector for the
packet/particle is written as

k = (k, ks, k), where | =k
and its momentum vector is written as
P = (P« Pw P2), wherep| =p
The kinetic energy of the particle is given by the equation
E = p?/(2m) (2.2)
On the other hand, we have Planck’s equation for the energy of the wave packet
E=h3 h¥ (2.3)
We also have de Broglie's equation for the momentum of the wave packet:
p=(n eh o p= Rk, Rk, hk,) =hk (2.4)

To obtain agreement with physical observations we select a wave function (2.1
form:

q Q(, Y, Z, T) — ei(kXX+kYY+kZZ-YT) (25]
Computing partial derivatives
Oqm = -ix d®NATD 0 = vy q (2.6)
OQK (= ikx &A= ikeq
OQN ( = iky @& = ikeq
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OQrz ( = kg &Y™ A = ikq
QX0 = (k)€ = kéq (2.7)
GFqQ/Yd = (kgD = kAQ (2.8)
GqQ/z®d = (k)N = kAq (2.9)
Introducing the Laplace operator, from (2.7), (2.8) and (2.9) we have
n’q = Gq/x& /e an/zd = kq (2.10
From (2.2), (2.4) and (2.10) we have
EQ = (¥@em ) ¢ = @¥Eem) ) ¢ = (RYem)kd) = (Rem)n’q (2.11
On the other hand, from (2.3) and (2.6) we have
EQ = (r) (= (hir Q) = (h Oq/ (2.12
Equations (2.11) and (2.12) yield the Schrédinger wave equation
(ih) OqQ/ = (-RI@2m)nq (2.13

whose solution is the wave function (2.5) representing the wave packet/particle
(2.11) and (2.12), we see that the momentum and energy can be represe

di fferential operators acting on (:
p Y (kN (2.14
E Y (b OF (2.15

At the time when Schrodinger developed his-nelativistic wave equation (2.13), |
also proposed an extension of it that meets the requirements of special rgtivit
the free wave packet/particle (as described above) moves with a velocity &
¢, then its motion may be described by the relativistic Schrédinger wave equa
follows. The equation (2.2) is replaced by the relativistic equation

E? = ¢’p®+nrc’ (2.16
where nowE includes the resmass energyné. Substituting (2.14) and (2.15)

(2.16) and operating on the wave fu
wave equation

HEQ/ITO = -Rchiqnc’q (2.17

whose solution is the again the original wave function (2.5) representing the rele
wave packet/particle. Finally, if the particle is massless mithO and moves with th
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velocity of lightc, then the relativistic wave equation 2.17 reduces to

RHEQ/ITO = -Rn’q (2.18
Thek? in equation 2.18 cancels and we have
Gq/™® - g = 0 (2.19

Thus, the quanturmechanical behavior of a particle is completely described b
wave function (2.5) which is a solution of the appropnesee equation. At each poi
of spacetime (X, Y, Z, T) , the wvalue of Xt W,eZ Twa
&2 corresponds to a point on the boundary of a @iscentered at th
origin in the complex plan€, as shown in figure 2.1 below. We shall cBlla
Schrddinger disc.

Figure 2.1.A particle is represented by a Schrodinger d

By the the uncertainty principle, it is impossible to specify precisely
simultaneously both the position and the momentum of the particle. We have ¢
the Schrodinger dis®© representing the particle at a precisely specified pos
(X, Y, Z, T) in spacetime, with an uncertain momentum vecfar Instead, we ma
define the Schrodinger disD representing a particle with a precisely speci
momentum vectop and an uncertain positiorX,(Y, Z, T) in spacetime. Then the
Schrddinger disdD may be oriented in one of two possible ways: clockwis
anticlockwise, depending on whether we choose the normal vector to the c
plane according to the lefftand or the righhand rule. We align this normal vec
with the momentum vectqy of the particle in the case thatis precisely specified. ,
left-handed orientation of a Schrodinger disevill represent a particle of leftandec
helicity and a righthanded orientation will represent a particle of Hghhded helicity
Note that helicity $ conserved for massless particles that always travel wit
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velocity of lightc, but not for particles with positive mass: according to the theo
special relativity, the direction of the momentum vegios reversed relative to ai
reference framéhat moves faster than the particle. Thus, for a particle with po
mass, the helicity cannot be conserved with respect to all reference frames.

The theory of quantum mechanics that we have briefly sketched so far describe
single particle (oftn referred to ashe first quantization To describe interactior
between pairs of particles we need to develop quantum field theory (often referre
the second quantizatip9]. Here the ongarticle Schrédinger wave equation
modified toitsmay-par ti cl e version and its s
copies that describe the associated fields of the particles. In particular, the copie
wave function Q represent the proces:s
interacting particles of the associated force fields. For example, if the particl
photon, then we can interpret @ to
equation 2.19 describes the propagation of electromagnetic waves in vacuum.

We shal build the standard model of particle physics from copies of orie
Schrédinger discs, arranged in a certain way as dictated by the mathematical |
the four colour theorem.

3. The Four Colour Theorem

We shall now follow the main construction in the proof of the four colour theftgnbet us
briefly state the theorem and sketch the proof, referrigj]ttor details. A map on the sphere
plane is a subdivision of the surface into finitely manyaregi Two regions in a map are saic
be adjacent if they share a whole segment of their boundaries in common. A proper colc
the regions of a map is an assignment of a colour to each region such that no two
regions receive the same colour.

3.1. The Four Colour Theorem.Given any map on the sphere or plane, it is always possi
properly colour the regions of the map using at most four colours 0, 1, 2, 3.

Sketch of the prodfl]: In section | on map colouring, we define maps on the sphere anu
proper colouring. For purposes of proper colouring it is equivalent to consider maps on tf
and furthermore, only maps which have exactly three edges meeting at each vertea. 1
proves the six colour theorem using Euler's formula, showing that any map on the plane
properly coloured by using at most six colours. We may then make the following
definitions.

1 DefineN to be the minimal number of colours required togarly colour any map frot
the class of all maps on the plane.

1 Based on the definition df,, select a specific mam(N) on the plane which requires
fewer thanN colours to be properly coloured.

1 Based on the definition of the mamN), select a proper colouring of the regions of
mapm(N) using theN colours 0, 1, ..\N-1.
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The whole proof works with the fixed numbbk the fixed mapm(N) and the fixed prope
colouring of the regions of the mam(N). In section Il we define Steingystems and prove Ti
inequality and its consequence that if a Steiner syS@il, 2N, 6N) exists, thenN cannot
exceed 4. Now the goal is to demonstrate the existence of such a Steiner system. In sect
define Eilenberg modules. The regiarfsthe mapm(N) are partitioned into disjoint, nonemg
equivalence classe3 1, ..., N-1 according to the colour they receive. This set is giver
structure of the cyclic groupy = {0, 1, ...,N-1} under addition moduldN. We regardZy as ar
Eilenberg module for the symmetric gro@pon three letters and consider the split exten
ZN]Ss corresponding to the trivial representationSaf By section IV on Hall matchings we ¢
able to choose a common system of coset representatives for the left and right cgsetshe
full symmetric group onZ\]Ss| letters. For each such common representative and for
ordered pair of elements &, in section V on Riemann surfacge establish a certain action
the twaelement cyclic group on twelve copies of the partitioned m@y) by using the twenty
fourth root function of the sheets of the complex plane. Using this action, sectioneglths
details of the main construction. Thhl &lements ofZ\]S; are regarded as the set of points
lemma 23 builds the blocks ofN2points with every set oR+1 points contained in a uniq
block. This constructs a Steiner syst&f+1, 2N, 6N) which implies by Tits' inequality thad
cannot exceed 4, completing the prapf.

After the proof of the four colour theoreffi] is complete,a posteriori we know tha
N = 4. The four colours 0, 1, 2, 3 are represented by the following palette:

We select the mam(4) on the surface of the sphere, with its proper colouring as shown be
figure 3.1. According to the colour each region receives, the regions are partitioned ir
equivalence classes that form the cyclic grdwp {0, 1, 2, 3} under addition mdulo 4.
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Figure 3.1.The map on the sphere

By boring a small hole in the blue regibnwe may deform the surface of the sphere until
flat, to obtain a copy of the map(4) on the complex plan€. Let D denote a disc centered
the origin of the complex plane, with a fixed orientation. We may perform the deformation
map in such a way that both the origin and the boundary of theDd&se contained entirel
inside the blue region of the map. Thuge obtain the mam(4) inside the dis®, with the
origin inside the blue region, as shownigufe 3.2.

>

Figure 3.2.The map inside a disc

Next, we cut the disD along the positive real axis. This cut has an upper and a lower &
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shown in figure 3.3.

Figure 3.3.1.The map inside a disc with a cu

We now follow the construction of theRiemann surface ifiL]. Consider the composition of |
functionsC Y C;zY t=ZandCY C;tY w=t" The composite is given by the assignr
zY t=72Y w=t?=7* Take twentyfour identical copies of the map(4) on the disc with .
cut, labeleck =1, ..., 24.

Figure 3.3.2.Twentyfour copies of the map

Fork=1, ..., 23 attach the lower edge of the cut of #isgth the upper edge of the cut of d
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k+1. To complete the cycle, attach the lower edge of the cut of disc 24 with the upper ed
cut of disc 1. This forms the-Riemann surface. The poimt= 0 connects all the discs anc
called the branch point. There are twefayr superposed copies of the maup4) on thew-
Riemann surface corresponding to the twdoty sectors

(A1) (2 dr@z&k( 2< | (k=1,..,24)

on thez-plane. These are divided into two sets. The first set consists of twelve superpose
of the mapn(4) corresponding to the sectors

(Ak1) ( 2 ar@z&k 2< | (k=1, .., 12)

of the upper half of the-plane which comprise the upper sheet ofttigemann surface. Tt
second set consists of twelve superposed copies of then(daporresponding to the sectors

(A1) ( 2 &r@z& ) 2< | (k=13 ..., 24)

of the lower half of the-plane which comprise the lower sheet of tfiiemann surface. The
Riemann surface is orientable, since every orientation of a disc is caveetb the disc next i
it.

Figure 3.4.The tRiemann surface

We shall now label the regions of the maps ontfReemann surface. Referring [tb] for details,
letS= <G, 4 > ZOfdy,, 1§} jdenote the dihedral
to the symmetric group on 3 letters. Corresponding to the trivial representattgmwa regarc
Z, as its Eilenberg module and form the split extengig]®s that is abstractly isomorphto the
direct productZ,xS;. Next, form the integral group algebraqZ,]S;) and ZSs. Again,
corresponding to the trivial representationZ&;, we regardZ(Z4]Ss) as its Eilenberg modu
and form the split extensior(Z4]$s)]ZSs that is abstractly isomorphic to the direct proc
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Z(Z4)SS)*ZSs. Let SynfZ4]S;) denote the symmetric group of order 24! @p| $s|=24 letters
Then S embeds inSyn{Z4]S;) via the Caley right regular representati@nSelect a commo
system of represeritai v g|$= 1 4j 3, ..., 24!/6} for the left and right cosets of the embe
subgroupS; in the groupSyn{Z4]Ss) . Fix a common ¢and a par o
el eme ntS THe regians ab the maps on thRiemann surface are labeled by element
the split extensio(Z4]Ss)]ZSs according to the following scheme.

Labeling Scheme

The branch nt at the center which

poi

The regions of the maps on the upper half of the upper sheetteRtbmann surface are
labeled as follows (all labels have a positive sign):

+ 1 2 3 4 5 6

. 0 RObY , |(+0. ROLD , [(+0 DB D) , |(+0. IWB( b) , |(+0 R b, |(+0 BODI) ,
. (¢ RODY , | (+€ ROLD , [(+€ Y| D) , |(+¢ IGB( D) , |(+€ R DY, |(+¢ B()DD) ,
. (+@  RObY , |(+& ROLD , [(+R B D) , |(+@ IWB( D) , |(+@ R DY, |(+@ BODI) ,
. (+8  R()bY , |(+6 ROLD , [(+@ B/ b) , |(+@ LB b) , |+ R b, |(+@ B()DD) ,

The regions of the maps on the lower half of the upper sheet BRikeenann surface are

labeled as follows (all labels have a negative sign):

7 8 9 10 11 12
. (0 1R( 2:) Gb [0 R 9) @b | (0 2R 2) Gb [ (0 IRG ) Gb {(Q R(yo)) Gb (-0 RE ) Gb
. (@ IR i) Gb [(A RG9) @b | (1 IR 2) Gb [ (A, 2RG,) Gb (A R(yo)) Gb (A REG ) Gb
. (2 1R( i) Gb [(2. R¢ 9) @b | (2 2R 2:) Gb [ (2 IRG2) Gb (2 R(yo)) Gb (2 REG ) Gb
. (B IR( i) Gb [(38 R 9) @b | (3 2R o) Gb [ (3 IRG) Gb (G R(ya)) Gb (3 REG ) Gb
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The regions of the maps on the upper half of the lower sheet BRikenann surface are
labeled as follows (all labels have a negative sign):

13 14 15 16 17 18

0, R(yb)) b (G ROH) C

(0 IR( bi) Gb + (0, R§ B.) Gb + (0 2R( b,) Gb 4| (Q IR} 0D & < b+o)

—~

A4 R(b)) b | RG B,)

(@ 1R( b)) Bi+ o] (L, RG B.) Gb + (1, IR( bi) Bi+ | (1, IR(Q bi) Gb b+o)

—

2 R(b)) b | @ RG B,)

(2 1R( b)) Gb + (2 R§ B.) Gb + (2 2R( bi) Gb 4 (20 HR( bi) Gb b+o)

—

8 R(yb)) b (B ROH) C

(B IR( bi) Gb + (3 R§ B) Gb + (3 2R( bi) Gb (3 IR} b) Gb b+o)

—~

The regions of the maps on the lower half of the lower sheet 6Remann surface are
labeled as follows (all labels have a positive sign):

19 20 21 22 23 24

(0 R()20 , |(+0. RO , [(+0 I | 0) , |(+0. IGB( D)+l (+Q R P Ji. |(+0.  B()o0) ,

—

(@ R0 L |(+¢ RO , [(+€ DB 0) , |+ IWB( o) , |(+Q R DY, |+ B(O00) ,

(@ R0, |(+@ RO , [(+R B 0) , |(HROP B o) , |+ R DY, |(+@ B)00) ,

—

e

(+8 R0 , |(+6 RO , [(+@ B/ o) , |(+@ B o) , |(+@ R P Y. |(+@ B()o0) ,

—

Figure 3.5.Labeling scheme for the regions of the maps on-Riemann surface

The main construction in the profdf] now defines the Steiner syste&dfb, 8, 24). The 24 poin
of the Steiner system are the elements of the underlyirfy|Sat

0 1{© [©O H[O H© O
L@ [@& Ha P Q@
212 [@ e He (@
G DB (B 6 HE |G

Figure 3.6.The points of the Steiner syste(d,B, 24)

The rest of the main constructifl] builds the blocks of the Steiner system. Each block cor
of 8 points such that any set of 5 points is contained in a unique[Block
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4. The Particle Frame

Section 4.1 The Fermion Selection Rule

Section 4.2 The Boson Selection Rule

Section 4.3 The Higgs Selection Rule

Section 4.4 The Spin Rule

Section 4.5 The Electric Charge Rule

Section 4.6 The Electromagnetic, Weak, Strong and Gravitational Charge
Section 4.7 The Mass Rule

Section 4.8 TheEquivalence Rule

Section 4.9 The Antiparticle Rule

Section 4.1C The Helicity Rule

Section 4.11 TheCP-Transformation Rule

Section 4.1z The Standard Model Completion Rule

We specify the general mathematical framework from which all the particles
standard model will be defined, together with their basic physical propespes
chargeand mass We call the labeled-Riemann surface, constructed in section
particle frame Each kind of particle in the standard model will be defined by sele
a particular disc or the intersection of a particular set of discs from a patrticle fra
a time, there can be only one particle on a particle frame and only the delescis
will be active. The selected discs are the Schrédinger discs that determine the ¢
mechanical behavior of the particle at a sp@oe point ¥, Y, Z, T), as described i
section 2. Particle frames associated with sjiace points constituta vector bundl
in mathematical terminology, and a section of the vector bundle i.e. a particle fr
a spacdime point, is called agaugein the physics terminology. Thus, physi
symmetries associated with sets of particles defined on a particie frarrespond t
gauge transformationsWe shall explicitly construct all the gauge groups for
standard model, including gravity, in section 8. The labeling and topological str
of thet-Riemann surface according to the proof of the four colavrdra provide u:
with the set of rules for determining the spin, charge and mass creating mechan
particle. Before we select any particular discs, a blank particle frame,
corresponds to a spatime poirt in vacuum, is shown below.
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Figure 4.1.The particle frame

For the purposes of defining the particles of the standard model, it is conver
draw the particle frame embedded in flat Euclidean thieensional spaceX( Y, 2)
and associate with the drawing an independent time dimeiigjthe measuring roc
and clocks of special relativity). This makes it easy to see all parts of the particle
and visualize how the spin, charge and mass rules work. However, in 7.4sBalh
show how to explicitly embed the particle frame in curved -linrensional spaet
time, as required by general relativity.

The particles of the standard model correspond to the present observable unive
contend that the particle frame evolved its present form by following tF
cosmological timeline cfSection 8}

1 The Planck Epochwhen all the four forces are combined into one (Time T
seconds to T = I¥ seconds): The universe is created with the Big Bar
time T = 0. Let us suppoghat immediately afterwards, all the energy of
universe is in the form of one single particle. The energy of the particle is
form of its thermodynamic temperature and cannot be calculated fro
theory. During this epoch the particle frame magy represented by the
Riemann surface given by the composition of the functong C; zY t=7
andCY C; tY w = t% The composite is given by the assignmeiit t =
ZY w=t*=7" There is only one kind of force present in this early univi
the gravitational force. The carrier of this force, the graviton, ma
represented on this version of the particle frame as it is in later epochs.

1 The Grand Unification Epochwhen the gavitational force separates from 1
strongelectroweak force (Time T = @ seconds to T = 1I# seconds): Man
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new particles and antiparticles are created: free quarks, antiquarks and |
in equilibrium with each other. The average temperature efuthiverse ca
now be calculated as ¥OK. During this epoch the particle frame may
represented by theRiemann surface given by the composition of the funct
CVYC zYt=ZandCVY CtY w = t* The composite is given by tl
assignmenzY t=ZY w=t*= 2. There are two kinds of forces presen
this universe, the gravitational force and strehectroweak force. The carrie
of these forces, the graviton and the photon, may be represented on this
of the particle frame as theyeain later epochs.

1 The Inflationary Epochwhen the strong force separates from the electro
force (Time T = 10° seconds to T = I seconds): The universe undergoe
rapid inflation. The average temperature of the universe can now be cal
as 10" K. During this epoch the particle frame may be represented b
Riemann surface given by the composition of the functong C;zY t=7
andCY C; tY w =t The composite is given by the assignmeiit t =
ZY w=1°= 72 There are three kinds of forces present in this universt
gravitational force, the strong force and the electroweak force. The carr
these forces, the graviton, and two different types of photons, m:
represented on this version of the petframe as they are in later epochs.

1 The Later Epochsavhen the the weak force separates from the electroma
force and all the four forces are distinct (Time T ='4@8econds upto tt
present): At time T = 1€ seconds, the average temperaturthefuniverse ca
be calculated to be 0K and the electroweak force separates into
electromagnetic force and the weak force. At this time the particle -
assumes its present form as shown in figure 4.1, represented bRitmaanr
surface giverby the composition of the functior@ Y C; zY t = Z and
CY C;tY w=t" The composite is given by the assignne¥itt=2Y w
= t2 = 7% All the four kinds of forces are now present in the universe
gravitational force, the strong force, the weak force and the electroma
force. As the universe cools down to its present average temperature
matter and antimatter as we knawemerges. Quarks are no longer free
become confined to give stable neutrons and protons. These form the
nuclei. Electrons and nuclei then combine to produce stable .
corresponding to all the elements of the periodic table.

In the Sections 5 and 6 we shall define all the particles and antiparticles, includ
carriers of the four forces, on this present version of the particle frame as sh
Figure 4.1. Before that, we must formulate the exact rules for the defiotitme
particles and antiparticles that make up the standard model, as it is presently ol
In Section 4.1 we specify the Fermion Selection Rule;Saction 4.2 we specify the
Boson Selection Rule; iSection 4.3 we specify the Higgs Selection Rule;Section
4.4, we specify the Spin Rule; fBection 4.5 we specify the Electric Charge Rule;
Section 4.6 we specify the Electromagnetic, Weak, Strong and Gravitational C
Rule; in Section 4.7 we specify theMass Rule; inSection 4.8 we specify the
Equivalence Rule; isection 4.9 we specify the Antiparticle Rule; Bection 4.10we
specify the Helicity Rule; irSection 4.1]1 we specify theCP-Transformation Rule
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and finally, inSection 4.12we specifyhie Standard Model Completion Rule.

4.1. The Fermion Selection Rule

Particles of the standard model that obey the F&inasic statistics[9] are callec
fermions. Hence, distinct particle frames with fermions defined on them cani
superposed at a point in spdoee because of the Pauli exclusion principle.
fermion type particle will be selected from the particle frame as follows. gélstt ¢
disc out of the 24 discs and then select a region of the map on the select

Figure 4.1.1.Fermion type particle

Referring to the labeling in figure 3.5, there are two types of fermionsactdtype o
fermion comes in three generations. Type 1 fermions, called leptons, consist 0
corresponding to a | abel 7 (génerationdll) af the
t-Riemann surface. Type 2 fermions, called quarks, consistlistacorresponding to
| abel 6 (generati on ?I(generatibn Il) EfgthetrRemann
surface. Each generation I, Il and Ill consists of one lepton doublet and one
doublet. In section 5, we shall see how to use this rule toalefi the fermions in th
standard model.

4.2. The Boson Selection Rule

Particles of the standard model that obey the Hosstein statistic§9] are callec
bosons. Hence, many distinct particle frames with bosons defined on them
superposed at a point in spdatae. A boson type particle will be selected from
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particle frame as follows. First select a pair of fermion type particles {gtiselecte:
regions of the same colour respectively) such that the two discs have an inte
boundary (a ray on the particle frame). Then select another pair of fermiol
particles with selected regions of the same colour as before, but in swohthat the
corresponding ray on the particle frame is distinct. Thus, a boson type par
selected by choosing a pair of rays on the particle frame with a particular «

Figure 4.2.1.Boson type particleas two pairs of discs

Figure 4.2.2.Boson type particleas a pair of rays
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In section 6, we shall see how to define all the bosons of the standard model us¢
rule. In particular, the two pairs of fermion type particles that define a bosc
interpreted asreationanddestructionoperators during interactions in which tha@son
is exchanged.

4.3. The Higgs Selection Rule

There must be a unique particle called the Higgs patrticle in the standard mou
attributes mass to all other particles. The Higgs particle is also a boson, but un
other bosons in the standard model, it is a scalar boson (it does not seldfetrr@q
direction in space like a vector boson). A Higgs type patrticle is selected
intersection of all the 24 discs of the particle frame. This is the branch point i
Riemann surface and this selection of the Higgs type patrticle is unigei@ribins of
the upper and lower sheets of tHRiemann surface form a Cooper pair and the H
particle undergoes Bose condensation, plunging to the lowest energy state f

Figure 4.3.1.Higgs type particle

For adescription of the mass creating mechanism, see the mass rule 4.7 below.

4.4. The Spin Rule

The particle frame consists of four halirfaces:

1 The upper half of the upper sheet
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1 The lower half of the upper sheet
1 The upper half of the lower sheet
1 The lower half of the lower sheet

Given a particle as a selecti®of the intersection of a set of discs or as a pair of |
count the numben of half-surfaces of the particle frame that intersect with a w
segment ofS. Defines = n/2 to be the dp of the particle. With this definition, tf
fermion type particle shown in figure 4.1.1 has 1 and spirs = 1/2; the boson typ
particle shown in figure 4.2.2 has= 2 and spirs = 2/2 = 1, the Higgs type partic
shown in figure 4.3.1 has = 0 andspins = 0/2 = 0. In sections 5 and 6, this rule
used to explicitly calculate the spin of each patrticle in the standard model.

4.5. The Electric Charge Rule

We first associate each colour with a unique absolute value of electric «
according to the following scheme:

By o
By i3
By 23

By

The particle frame is labeled according to the labeling scheme tRileenann surfac
shown in figure 3.5. The signs of the labels according to figure 3.5 are as follows

The upper half of the upper sheet has a + sign
The lower half of the upper sheet hassegn
The upper half of the lower sheet hassign
The lower half of the lower sheet has a + sign

= =4 —a -

Given a particle as a selecti®of the intersection of a set of discs or as a pair of |
assign a signed electric charge to the particle according to this scheme. This is
to be the electric chaegof the particle. With this definition, the fermion type part
shown in figure 4.1.1 has electric charde the boson type particle shown in figi
4.2.2 has electric charge 0; the Higgs type particle shown in figure 4.3.1 has

charge 0. In s&ions 5 and 6, this rule is used to explicitly calculate the electric ¢
of each particle in the standard model.

4.6. The Electromagnetic, Weak, Strong and Gravitational Charge Rule

When we speak of charge without any further specification, we always me.
electric charge. However, in addition to an electric charge, a particle als
electromagnetic, weak, strong and gravitational charges according to the fol
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scheme:

Type Charge
Electromagneti 1

Weak T

Strong G, a3
Gravitational |0, 1, 2, 3,

The electromagnetic and weak charges are neutral as far as the strong
concerned, hence they are regarded as neutral strong charges. The number of
unsigned strong charges that a particular type of particle may have is dendiec
The electromagnetic, weak, strong and gravitational charges are also given
(charge or anticharge), exactly as for the electric charge in 4.5.

f

Each lepton type fermion has exactly one neutral unsigned strong chalge
= 1. Since the sign doa®t alter a neutral strong charge, there is only
neutral strong charge possible for each lepton type fermion.
Each quark type fermion may have one of three kinds of unsigned
char ges & soNdF3. After assigning a sign according tetabove
scheme, the strong charge for & c
There is a special boson type particle in the standard model, called the |
that is responsible for electromagnetic interactions. A photon type pi
carries aneutral strong charganticharge pair with + andsigns respectively
Consider the unitary group(1) consisting of 1x1 complex unitary matric
under matrix multiplication. Then, the single Lie group parameter corres
to the neutral strong charge hdathe generator ofJ(1) corresponds to th
photon. So, for the photoh = 1.
There are three special boson type patrticles in the standard model, ca
Z° W*and W, that are responsible for weak interactions between lepto
well as between quask Each of these carries a neutral strong chi
anticharge, chargeharge or antichargantichargepair respectively.

o The Z boson hadl.= 1

o The W boson hat\. =1

o The W boson hadl.=1

Consider the special unitary gro@J(2) consisting of 2x2 complex unita
matrices of determinant 1, under matrix multiplication. Then, the 2 Lie ¢
parameters corr espo rfandtheo3 generators/s@)l
correspond to the three bosorfsV'and W.

There is a specialdson type particle in the standard model, called a gluon
is responsible for strong interactions between quarks. A gluon type p
carries a superposition of strong chaeggicharge pair with + and signs
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respectively. Consider the special unjtagroup SU(3) consisting of 3x:
complex unitary matrices of determinant 1, under matrix multiplication. 1
the 3 Lie group parameters c &andthe
8 generators 08U(3) correspond to the 8 distinct gluon specige, for the
gluon,N. = 8.

1 There is a special boson type particle in the standard model, called a gt
that is responsible for gravitational interactions between particles. A gri
type particle carries a strongchamen t i char ge hegravitonig
= 1. However, a graviton type particle also carries a superposition of e
chargeanticharge pairs @; 1, +2 and 8. Thus, a graviton carries
superposition of all the gravitational chargeaticharge pairs@; +1, +2, +3, |
Consider the special unitary gro@J(5) consisting of 5x5 complex unita
matrices of determinant 1, under matrix multiplication. Then, the 5 Lie ¢
parameters correspond to the gravitational chafyels 2, 3, g an:;
generators 08U(5) correspond to the 24 distinct graviton species. Note the
labels for the gravitational charges correspond to the fixed points ¢
subgrou of the groupG in the proof of the four colour theord].

Referring to the mass rule 4.7 below and fig@re 5 , we shall (
specify the unsigned strong charge of a particle on the particle frame.

4.7. The Mass Rule

The rest mass of a particle in the standard model is usually determinec
experimental observations. However, we shall show in 8.3 that the rest masse
the particles in the standard model cannot be independent and most of the ma
must befixed quite precisely due to the structure of the particle frame. We defir
assignment of the rest mass of a particle of the standard model in the followin
Referring to section 3yn{ZiSg is apelmutatibnafth
underlying setZ4]Ss. Each permutation y may ¢«
entropy or disorder of the s&u|Ss, and we relate y tu
temperature. During the hot early universe, the energy of a pastigieasured in th
form its thermodynamic temperature. Let us suppose that at the time ¥ seb®nd:
when the particle frame assumes its present form, each kind of p&tiolehe
standard model IS as s oc isavhiah th tuwis ashociate
with a unique value of energy respecting the fixed mass ratios calculated in &
think of t hsas measurimgthealégre® af disprder of the system de
t he partiscande assomated with & unigue thermodyinaemperature ¢
energy. We interpret the rest mass of the parichs being created by the energy
the uniquely assspchaat éadl pseRE W, Jashlreiudiqe
expression in terms of the commor =
GRCU), as dles T hsa b egagt bnmany[given regiom; U) by
the § and Z gr oul[i]. Note that bynlesnma Xi§ the tera grouf
actions ¥y andn ZYpme Eejogyany kelectesl cegign. The giv
particle is represented on the particle frame corresponding tbRiemann surfac
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wi tih @, 9 chosen accordingly. tygehm s U
the selectionS that represents the particle on the frame, we have the un
associated particle rest magg ( £ (y,  &.)By the antiparticle rule 4.9 below,
particle and antiparticle will always have the same rest mass. We have special ¢
the bosons:

1 For the massless bosoBiswe assume that the uniquely associated permul
ys=R( U;h @& sequal to the ideity permutation.
1 For the massive bosoi® we assume that the uniquely associated permul
ys=R( Ujhé&as o = 1.
o Furthermore, for the massive Higgs boson, we assume the
p er mu t  &asihe enerdgy equal to half of the sum of the mass
all other bosons. Since the Higgs particle and antiparticle wi
identified (as a Cooper pair), their combined energy would then
sum of the masses of all other bosons. This must be thesi@merg
state possible for the Higgs boson when it undergoes
condensation.

Thus, the inertial mass of each partiflén the standard model is associated wit
uni que peg mspectng ithe masg ratios calculated in 8.3. Then, b
Higgs-Kibble mechanisnj8], the Higgs particles can undergo Bose condensatiol
assign this definite finite value to the rest mass of each particle in -Spe:
According to general relativity 7.4.1 and the embedding of the particle frame in «
spaceti me 7. 4. 2, we nmuwght the @drvaitore tansd® 0, ¢aindathe
Ricci tensorR ; (carried by the Schrédinger discs of the particle frame. Also,
reference to figure 3.5, note that
specification of rest mass (the other is used in the specification of unsigned
charge).

4.8. The Equivalence Rule

Given two different selectionS, and$; of particles, if the resulting particles have
same spin, charge and mass according to the above rules 4.4, 4.5 and 4.6,
regardS, and$; as representing the same kind of particle in the standard model.

4.9. The Antiparticle Rule

To each particle there corresponds

ofthezpl ane by °~ radians. THhHRnemanmdsug
radi ans. Any point on the parti clpesed
directly above or below it by a continuous rotation that winds exactly once arou
branch point. Given a particle as a selectati the intersection of a set of discs or ¢
pair of rays, the i mage of ditstastipagice: Not
that by the above rules, an antiparticle is of the same type as the original partic
identical spin and mass btiie opposite chargdf a particle has no charge, then
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cannot distinguish between the particle and its artiije. By the equivalence rule 4
a particle with no charge is equivalent to its antiparticle in the standard mod
example, as we shall see later, the photon is its own antiparticle. Fermions that
own antiparticles are called Majoranarrhions, for example the neutrinos
Majorana fermions.

4.10. The Helicity Rule

The helicity of the particle is defined by selecting one of two possible orient
(left-handed or righhanded) for all the active Schrédinger discs on the patrticle fi
This orientation carries over to neighboring discs and defines an orientatibe to
Riemann surface. Note that by section 2, the helicity is-@eflhed and conserved f
massless particles but not for massive particles.

4.11. The CP Transformation Rule

Given a particle defined on the particle frame at a spawe point ¥, Y, Z, T) with
momentum vectop, we define the transformatio@sandP as follows:

1 P reverses the spatial coordinates 4, €Y, -Z). Note that this means that t
direction of the momentum vector is also reversegbtdience, the orientatic
of the particle frame is reversed and by the helicity rule 4.10, the helicity
particle is reversed. Leftanded particles are transformed into rgahdec
particles of the same kind and \Agersa.

1 C transforms the partiel into its antiparticle. In particular, the charge of
particle is reversed.

When both transformations are performed together, the particle is said to unH#
transformation. For example, @P transformation of a lefhanded electron gives
right-handed positron. Th€P transformation is used in analyzing the symmetr
particle interactions. Since particle interactions are mediated by bosons an
associated force fields, we can characterize the symmetry of particle interacti
applyingthe CP transformation to the mediating bosons:

1 If a CP transformation applied to a boson in the standard model vyiel
equivalent boson, then we say tl@2® symmetry is preserved in interactic
involving that boson. For exampl€P symmetry is presergeby interaction:
involving the photon i.e. electromagnetic interactions.

1 If a CP transformation applied to a boson in the standard model does no
an equivalent boson, then we say @& symmetry is violated in interactiol
involving that boson. Foexample,CP symmetry is violated by interactiol
involving the W and W vector bosons i.e. weak interactions.

Indeed, we shall see th@P symmetry is violate@nly by weak interactions.
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4.12. The Standard Model Completion Rule

If all the particle frames corresponding to all the particles in the universe were
superimposed (hypothetically, of course), then the fermions and bosons sh
together perfectly according to the above rules, forming the complete standard

Figure 4.12.1.The perfect fitting of the fermions in the standard mc

Each of the 24 discs of the particle frame represents the Schrodinger disc of &
fermion in the standard model, respecting all the above rules. There cannot
othe femions in the standard model.

Figure 4.12.2.The perfect fitting of the bosons in the standard mc

COPYRIGHT © ASHAY DHARWADKER 2008
http://www.dharwadker.org/standard_model

30


http://www.dharwadker.org/standard_model/

Grand Unification of the Standard Model with Quantum Gravity

Each of the 24 pairs of rays of the particle frame represents the four Schréding
of a unique boson in the standard model, respectintpelhbove rules. There cani
be any other bosons in the standard model.

5. Fermions

Section 5.1 Leptons
Section 5.2 Quarks

5.1. Leptons

Leptons Particle Name| Symbol| Generation| Spin | Mass (MeV)|Charge | N
Section 5.1.1, 2 |e-neutrino 3e I 1/2 |>0 0 1
Section 5.1.3, 4 |electron e I 1/2 [0.510999 |[-1 1
Section 5.1.5, 6 |e-neutrino 3¢ Il 1/2 |>0 0 1
Section 5.1.7, 8 | muon € Il 1/2 |105.6584 |-1 1
Section 5.1.9, 10| UGneutrino 30 1l 1/2 (>0 0 1
Section 5.1.11, 1} tau U Il 1/2 1771 -1 1

5.1.1. Thee-neutrino particle

L e t eneut¥no b€ the unique permutation associated with #eeutrino particle
according to thej ;amads sb raud ceordd i7n. g Steoe

neurino= iKE ) and o = 1. Then t het-Remanhsudat
with thigsg cbhoiocce Wef sel ect disc 1 on
its blue regiorQ, that has the label &( R( fi) , b+o), accor

3.5. This represents the Schrédinger disc of élmeutrino particle on the partic
frame, according to figures 2.1 and 4.1. By the fermion selection rule 4.%&
neutrino particle is a lepton of generation I. By the spin rule 4.4, the spin ef
neutrino particle is 1/2. By the electric charge rule 4.5, the electric charge ef
neutrino particle is 0 and by the strong charge rule 4.6, its strong charge is neut
Nc= 1. The SupeKamiokande experimenfl0] demonstrated that the-neutrino
particle has a small positive rest mass (not precisely determined as yet), which
attributed by the mass rule 4.7 to the Higl@sble mechanism. This experiment a
demonstrated that theeneutrino particle can be observed with both rigahded an:
left-handed helicities, in agreement with the helicity rule 4.10. Note that b
equivalence rule 4.8, theneutrino particle and antiparticle 5.1.2 represent the :
kind of particle in thestandard model. Thus, theneutrino particle is a Majorar
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fermion. By theCP transformation rule 4.11, a rightandede-neutrino particle it
transformed into a lefhandede-neutrino particle and viceersa.

Name Symbol| Type |Generation|Spin|Mass (MeV)|Charge|N.

e-neutrino particley 3. |Lepton I 1/2 >0 0 1

Figure 5.1.1.The eneutrino particle

5.1.2. Thee-neutrino antiparticle

The e-neutrino antiparticle is equivalent to tleeneutrino particle, as shown by t
following constructionL e teneutyno b€ the unique permutation associated withet
neutrino particle accori@ainadg bt actcloe di
eXpr e ssuind=niRiyb ) and o = 1. Then t he t
Riemann surfae wi t h t hi,s bghmwi.ceUsafngd t he ai
disc 13 on the lower sheet of the particle frame and its blue r@gtbat has the lab
(-0, R( by)y b+2) , according to figures 3
disc of thee-neutrino antiparticle on the particle frame, according to figures 2.:
4.1. By the fermion selection rule 4.1, tleeneutrino antiparticle is a lepton

generation. By the spin rule 4.4, the spin of teeneutrino antiparticle is 1/2. By tt
electric charge rule 4.5, the electric charge ofetneutrino antiparticle is 0 and by t
strong charge rule 4.6, its strong charge is neutralMgth 1. The SupeKamiokande
experimen{10] demonstrated that theeneutrino antiparticle has a small positive |
mass (not precisely determined as yet), which can be attributed by the mass ru
the HiggsKibble mechanism. This experiment also demonstrated that-tieetrino
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antiparticle can be observed with both riainded and lefhanded helicities, i
agreement with the helicity rule 4.10. Note that by the equivalence rule 4.8;
neutrino antiparticle and particle 5.1.1 represent the same kind of particle
standard model. Thus, tleeneutrino antiparticle is a Majorana fermion. By {G€
transformation rule 4.11, a righandede-neutrino antiparticle is transformed intc
left-handede-neutrinoantiparticle and viceersa.

Name Symbol| Type |Generation|Spin|Mass (MeV)|Charge|Nc

e-neutrino antiparticlel 3, Lepton I 1/2 >0 0 1

Figure 5.1.2.The eneutrino antiparticle

5.1.3. The electron particle

L e teecrgbe the unique permutation associated with the electron particle accor:
t he mass rujlasmd4 .07 .ac®@lradth gl t Ogectbnh B( 0oU

and b = 1. Then t he pa rt-Rienmhnesurface with ¢h
choiceo f;, G4b, 2. We select disc 7 on thi
region3, that has the labe}(@, 1)R( 2i) Gb+02), according t

represents the Schrodinger disc of the electron particle on the particle fraordjray
to figures 2.1 and 4.1. By the fermion selection rule 4.1, the electron particle is a
of generation |. By the spin rule 4.4, the spin of the electron particle is 1/2. |
electric charge rule 4.5, the electric charge of the electron lpaigiel and by the
strong charge rule 4.6, its strong charge is neutral Witk 1. From experiment:
observations the rest mass of the electron particle is 0.510999 MeV, which

COPYRIGHT © ASHAY DHARWADKER 2008
http://www.dharwadker.org/standard_model

33


http://www.dharwadker.org/standard_model/

Grand Unification of the Standard Model with Quantum Gravity

attributed by the mass rule 4.7 to the Hig@sble mechanism. The a&on particle
can be observed with both righainded and lefhanded helicities, in agreement w
the helicity rule 4.10. By th&€P transformation rule 4.11, a righanded electro
particle is transformed into a ldfanded electron antiparticle (posit) and a left
handed electron particle is transformed into a figintded electron antipartic
(positron).

Name Symbol| Type |[Generation|Spin|Mass (MeV)|Charge|N.
electron particle, e Lepton I 1/2 | 0.510999 -1 1

Figure 5.1.3.The electron particle

5.1.4. The electron antiparticle (positron)

L e tuecrdhbe the unique permutation associated with the electron particle accor
t he mass rujlasmd4 .07 .ac®@lradth gl t Ogectbnh B( 0oU
and b = 1. Then t he pa rt-Rienmhnesurface with ¢h
choi c,e m(f d. Using the antiparticle

the particle frame and its red regi8nthat has the label (3( R() i) ,, acbording
to figures 3.4 and 3.5. This represents the Schrodinger disc of the electron ant
(aka positron) on the particle frame, according to figures 2.1 and 4.1. By the f
selection rule 4.1, the electron antiparticle is a lepton of geoerka By the spin rule
4.4, the spin of the electron antiparticle is 1/2. By the electric charge rule 4
electric charge of the electron antiparticle is +1 and by the strong charge rule
strong charge is neutral witl, = 1. From experimental observations the rest ma
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the electron antiparticle is 0.510999 MeV, which can be attributed by the mass 1
to the HiggsKibble mechanism. The electron antiparticle can be observed witF
right-handed and lefhanded hkcities, in agreement with the helicity rule 4.10. By
CP transformation rule 4.11, a righanded electron antiparticle is transformed in
left-handed electron particle and a {b&inded electron antiparticle is transformed
a nght-handed eldcon particle.

Name Symbol| Type [Generation|Spin (k/l/gf; Charge| N
electron antiparticle
(positron) e Lepton I 1/2 | 0.510999| +1 1

Figure 5.1.4.The electron antiparticle (positron

5. 1. 5 :neuffimogartele

L eteneuno b € t he uni que per mut a-beutono padide
according to thej;amads sb raudceor4d.i7n.g Steol.

neutino= iKE b) and o = 1. Then t hetRemanhsudat
withthische ce j,ofb, 0 0. We select disc 2 on
its blue regior), that has the label @( R0 Ai) , b+2), accor
3.5. This represent s -hewutano gaditier oh dhie pagtie
frame , according to figures 2.1 and -
neutrino particle is a | epton of ge
neutrino particle is 1/ 2. By the el
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neutrino particle is 0 and by the strong charge rule 4.6, its strong charge is neut
Nc = 1. The SupeKamiokande experimentlO] d e mon st r at endutrino
particle has a small positive rest mass (not precisely determined as yet), which
attributed by the mass rule 4.7 to the Hig@sble mechanism. This experiment a
demonst r at-pedtrind patitle canhbebseisred with both righhanded an
left-handed helicities, in agreement with the helicity rule 4.10. Note that b
equi val enc e -neutinoeartidle dhd antipdrteele £.1.6 represent the :
kind of particle in the standard model. Thus, thaeutrino particle is a Majorar
fermion. By theCP transformation rule 4.11, a righta n d @eltrine particle i
transformed into a left a n d-eedtring particle and viceersa.

Name Symbol| Type [Generation|Spin|Mass (MeV)|Charge|N.

€-neutrinoparticle| 3¢ Lepton I 1/2 >0 0 1

Figure 5.1.5.Theg-neutrino particle

5. 1. 6 -neufrioantigarticle
Theneutrino anti part i-meutreo pasicle,eagq shownay t

foll owing cofmadobect henuniLgtuey per mut-
neutrino particle accori@ainadg bt actcloe di
e X pr e s &uind=n iRiyb ) and o2 = 1. Then t he t
Riemann surface with this chac e ;, 0 fb , 0 92 . Using the ail

disc 14 on the lower sheet of the particle frame and its blue r@gtbat has the lab
(-O, Rf by) b+2) , according to figures 3
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di s c oenkuriro lardiparticle on the particle frame, according to figures 2.1
4. 1. By the f er mi on-nestenb antigaitiakenis ar leptore
generation | 1. By t h e-neutpno antiparticle é&s 1/2. Byitt
electichrar ge rul e 4.5, theutrine bnéiparticteiis® and hya
colour charge rule 4.6, its colour charge is neutral Witk 1. The SupeKamiokande
experimenf10]d e mo n st r a t-eedtrinb &ndparticle has a sEmall positive |
mass (not precisely determined as yet), which can be attributed by the mass ru
the HiggsKki bbl e mechani sm. Thi s e x p e-neutrme
antiparticle can be observed with both righinded and lefhanded helicities, i
agreement with the helicity rule 4:
neutrino antiparticle and particle 5.1.5 represent the same kind of particle
standard model. Ths , -mebtno antiparticle is a Majorana fermion. By @GP
transformation rule 4.11, a righta n d -@altrine® antiparticle is transformed intc
left-h a n d-aeditring antipartie and viceversa.

Name Symbol| Type |Generation|Spin|Mass (MeV)|Charge|N.

e-neutrino antiparticle 3,  [Lepton I 1/2 >0 0 1

Figure 5.1.6.Theg-neutrino antiparticle

5.1.7. The muon particle

L e tnuonlpe the unique permutation associated with the muon particle according
mass rul ejadn.d7 .2 Saeclceocrtd iln g t Guont R( € ;)aulindi
1. Then the particle frame corresponds tottRei e mann sur f ace
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b, o90. We select disc 8 on the up@Bechat
has the lade(-(3, R{ »i) 4 b +2) , according to figl
Schrédinger disc of the muon particle on the particle frame, according to figur
and 4.1. By the fermion selection rule 4.1, the muon particle is a lepton of gen
II. By the spin rule 4.4, the spin of the muon particle is 1/2. By the electric charg
4.5, the electric charge of the muon particlelisind by the strong charge rule 4.6,
strong charge is neutral witl, = 1. From experimental observations the rest ma
the muon particle is 105.6584 MeV, which can be attributed by the mass rule 4.’
HiggsKibble mechanism. The muon particle can be observed with bothhagtitec
and lefthanded helicities, in agement with the helicity rule 4.10. By theP
transformation rule 4.11, a righanded muon particle is transformed into a-I
handed muon antiparticle and a {efinded muon particle is transformed intaght
handed muon antiparticle.

Name Symbol| Type | Generation|Spin|Mass (MeV)|Charge| N,
muon particlg € Lepton I 1/2 | 105.6584 -1 1

Figure 5.1.7.The muon particle

5.1.8. The muon antiparticle

L e tnuonlpe the unique permutation associated with the muon particle according
mass rul ejadn.d7 .0 Saeclceocrtd iln g t GuuonE R( € ;auindi
1. Then the particle frame corresponds tottRei e mann sur f ace j
b, 0. Using the antiparticle rule 4.
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frame and its red regioB, that has the label (3( R0 ai) , b+o), ac
3.4 and 3.5. This represents the Schrodinger disc of the muon antiparticle
particle frame, according to figures 2.1 and 4.1. By the fermion selection rule 4
muon antiparticle is a lepton of generation Il. Bg #pin rule 4.4, the spin of the mu
antiparticle is 1/2. By the electric charge rule 4.5, the electric charge of the
antiparticle is +1 and by the strong charge rule 4.6, its strong charge is neutrs}
= 1. From experimental observations thstrmass of the muon antiparticle is 105.6
MeV, which can be attributed by the mass rule 4.7 to the H{gjgsle mechanism
The muon antiparticle can be observed with both 4igintded and lefhandec
helicities, in agreement with the helicity rule 4.BY theCP transformation rule 4.1:
a righthanded muon antiparticle is transformed into alleftded muon particle anc
left-handed muon antiparticle is transformed iataghthanded muon particle.

Name Symbol| Type |Generation|Spin|Mass (MeV)|Charge|N.
muon antiparticld € Lepton I 1/2 | 105.6584 +1 1

Figure 5.1.8.The muon antiparticle

5. 1. 9 -neuffiro @article

L €t Gneutho b € t he uni que per mut a-bheuttno padice
according to thej ;amads sb raiud ceorddi7n.g Stedy

neurino= iKE ) and o = 1. Then t het-Remanhsudat
with thische ce ,ofb, 0 o0. We select disc 3 on
its blue regiorD, that has the label @( ) J&®( b)) , b+o), accor
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3.5. This represent s -henteno @didler oh dhe pagtie

frame, according to figures 2.1 an<
neutrino particle is a |lepton of ge
neutrino particle 1s 1/ 2. By the el

neutrino particle is 0 and by the strong charge rule 4.6, its strong charge is neut
Nc. = 1. The SupeKamiokande experimentl0] d e mon st r at eneutrirb
particle has a small positive rest mass (not precisely determined as yet), which
attributed by the mass rule 4.7 to the Hig@sble mechanism. This experiment a
demonst r at-eedtrind padidle cantbe obdérved with both righhded ad
left-handed helicities, in agreement with the helicity rule 4.10. Note that b
equi val enc e-neuttinb partide afd, antipantiele 5(1.10 represent the .
kind of particle i n t meutrine paatinlel ia a Hajona
fermion. By theCP transformation rule 4.11, a righta n d -ealitrin® particle i
transformed into a leth a n d-eedtrint)particleand viceversa.

Name Symbol| Type |Generation|Spin|Mass (MeV)|Charge|N.

Uneutrino particlef 33 [Lepton i 1/2 >0 0 1

Figure 5.1.9.TheUneutrino particle

5. 1. 1 Oneutrihdamtipditicle

Thenelutrino anti par t i-meltréo parsicle,eag shownay t
foll owing copg@sobectihen.uniL@uey per mut-
neutrino particle accori@ainadg bt actcloe di
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expr e sgulng=niRlyp) and o = 1. Then t he t
Riemann surface with this choc e ;, 0 fb , (G o . Using the al
disc 15 on the lower sheet of the particle frame and its blue r8gibat has the lab:
(-(0, HB( b)) Gb+2) , according to figures @
di s c enéutrino argiparticle on the particle frame, according to figures 2.1
4. 1. By the f er mi on-nestnd antigarticte nis ar leptore
generation |11, By t haeutinianiparticelise/2. By tk
electicc har ge rul e 4.5, tnburinoeahtipactitlea is Ocanddnt
strong charge rule 4.6, its strong charge is neutralMgth 1. The SupeKamiokande
experimenf10]d e mo n s t r a t-medtrind dntiparticle thas a sthall positive |
mass (not precisely determined as yet), which can be attributed by the mass ru
the HiggsKki bbl e mechani sm. Thi s e x p e-neutnme
antiparticle can be observed with both righinded and lefhanded helicities, i
agreement with the helicity rule 4-
neutrino antiparticle and particle 5.1.9 represent the same kind of particle
standard model. Ths , -netro ddtiparticle is a Majorana fermion. By 1G@
transformation rule 4.11, a righta n d-seditrin@ antiparticle is transformed intc
left-h a n d-eedtrirdJantiparticle and vicgersa.

Name Symbol| Type |Generation|Spin|Mass (MeV)|Charge | N

Uneutrino antiparticle 33 | Lepton 1 1/2 >0 0 1

Figure 5.1.10.TheUneutrino antiparticle
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5.1.11. The tau particle

L e twy bg the unique permutation associated with the tau particle according
mass rul e;adnd7.2 Sedeacrtdiling t qu=tRbeaadi
1. Then the particle frame corresponds tottRei e mann sur f ace ;.
b, o9. We select disc 9 on the up@Bechat
has the labef-(3, 9R( 2;) i b+2), according to fi gl
Schrédinger disc of the tau particle on the particle frame, according to figures -
4.1. By the fermion selection rule 4.1, the tau patrticle is a lepton of generation
the spin rulet.4, the spin of the tau particle is 1/2. By the electric charge rule 4.
electric charge of the tau particle -k and by the strong charge rule 4.6, its str
charge is neutral withl; = 1. From experimental observations the rest mass of tf
paticle is 1771 MeV, which can be attributed by the mass rule 4.7 to the-Kiggke
mechanism. The tau particle can be observed with both-hagided and lefhandec
helicities, in agreement with the helicity rule 4.10. By @ transformation rule 4.1:
a righthanded tau particle is transformed into a-fefhded tau antiparticle and a ie
handed tau particle is transformed intogit-handed tau antiparticle.

Name |Symbol| Type |Generation|Spin|Mass (MeV)|Charge|N.
tau particle] U |Lepton 1] 1/2 1771 1|1

Figure 5.1.11.The tau particle

COPYRIGHT © ASHAY DHARWADKER 2008
http://www.dharwadker.org/standard_model

42


http://www.dharwadker.org/standard_model/

Grand Unification of the Standard Model with Quantum Gravity

5.1.12. The tau antiparticle

L e twy bg the unique permutation associated with the tau particle according
mass rul e;adnd7.2 Sedeacrtdiling t qu=tRbeaadi
1. Then the particle frame corresponds tottRei e mann sur f ace ;.
b, o. Using the antiparticle rule 4,
frame and its red regio® that has the label 3( ) yR( 2 ) , b+2), ac
3.4 and 3.5. This represents the Schrodinger disc of the tau antiparticle on the
frame, according to figures 2.1 and 4.1. By the fermion selection rule 4.1, t
antiparticle is a lepton of generation Ill. By tepin rule 4.4, the spin of the t
antiparticle is 1/2. By the electric charge rule 4.5, the electric charge of tt
antiparticle is +1 and by the strong charge rule 4.6, its strong charge is neutr}
= 1. From experimental observations the reass of the tau antiparticle is 1771 M
which can be attributed by the mass rule 4.7 to the Higglsle mechanism. The te
antiparticle can be observed with both rijainded and lefbhanded helicities, i
agreement with the helicity rule 4.10. By tk# transformation rule 4.11, a righ
handed tau antiparticle is transformed into aleftded tau particle and a Kafandec
tau antiparticle is transformed e righthanded tau particle.

Name Symbol| Type |[Generation|Spin|Mass (MeV)|Charge|N.
tauantiparticle] U |Lepton 1 1/2 1771 +1 |1

Figure 5.1.12.The tau antiparticle
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5.2. Quarks

Quarks Particle Name |Symbol | Generation |Spin |Mass (MeV) [Charge | N,
Section 5.2.1, 2 up u I 1/2 |5 +2/3 3
Section 5.2.3,4 |down d I 1/2 |10 -1/3 3
Section 5.2.5,6 [charm c Il 1/2 11600 +2/3 3
Section 5.2.7,8 |strange s Il 1/2 |180 -1/3 3
Section 5.2.9, 10 |top (truth) t 11 1/2 (180000 +2/3 3
Section 5.2.11, 12 | bottom (beauty) | b 11 1/2 4500 -1/3 3

5.2.1. The up quark particle

L e tuyquitk be the unique permutation associated with the up quark particle acc
to the mass rardd B.dcc drediercg tlo ypgak=®
GRCBb) and 9 %Thenh,the particleoframe Ccgrresponds to tiemann
surfacewitt hese choibc,eso.ofWel sel ect disc
frame and its green regio®y that has the label (&( {R( fi) |, b+o),
figures 3.4 and 3.5. This represents the Schrddinger disc of the up quark particl
paticle frame, according to figures 2.1 and 4.1. By the fermion selection rule 4
up quark particle is a quark of generation I. By the spin rule 4.4, the spin of
quark particle is 1/2. By the electric charge rule 4.5, the electric charge up theark
particle is +2/3. By the strong charge rule 4.6, the up quark particle has one ¢
possible strong <dob.=@. Dee torqlark coningmemt,mo fi
quarks can be observed. From indirect experimental observations thiveffest
mass of the up quark particle is 5 MeV, which can be attributed by the mass ruli
the HiggsKibble mechanism. The up quark particle can theoretically be observe
both righthanded and lefhanded helicities, in agreement with the hlicule 4.10.
By the CP transformation rule 4.11, a rightanded up quark particle is transforn
into a lefthanded up quark antiparticle and a -ledinded up quark particle
transformed into a rightanded up quark antiparticle.

Name Symbol| Type | Generation|Spin|Mass (MeV)|Charge|N¢
up quark particld u Quark I 1/2 5 +2/3 | 3
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Figure 5.2.1.The up quark particle

5.2.2. The up quark antiparticle

L e tuyquitk be the unique permutation associated with the up quark particle acc
to the mass rardd B.&dcc drediercg tlo yptak=e
GRCb) and 9 %Thenh,the particleoframe (cgrresponds to tiemann
surface witht hes e <choibc,eso.ofUsli ng the antij
on the lower sheet of the particle frame and its green r&jitmat has the label(@,
GR( b)) E+20), according to figures 3.4
the up quark antiparticle on the particle frame, according to figures 2.1 and 4.1.
fermion selection rule 4.1, the up quark antiparticle is a quark of generation I.
spin rule 4.4, the spin of the up quark antiparticle is 1/2. By the elebtrge rule 4.5
the electric charge of the up quark antiparticlei8. By the strong charge rule 4.6,
up quark antiparticle has one of three possible strong chargés; - fr SoN. = 3.
Due to quark confinement, no free quarks can be obdeRrom indirect experiment
observations the effective rest mass of the up quark antiparticle is 5 MeV, which
attributed by the mass rule 4.7 to the Higfasble mechanism. The up que
antiparticle can theoretically be observed with both fighitded and lefhandec
helicities, in agreement with the helicity rule 4.10. By @ transformation rule 4.1:
a righthanded up quark antiparticle is transformed into ahaftded up quark partic
and a lefthanded up quark antiparticle is transformetb a righthanded up quar
particle.
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Name Symbol| Type | Generation| Spin (I\Iaifls) Charge| N
up quark u |Quark| 1 1/2 5 213 |3
antiparticle

Figure 5.2.2.The up quark antiparticle

5.2.3. The down quark particle

L e tagowndiark D€ the unique permutation associated with the down quark pi
according to the masls or mlceod4dvngSei
Ydownquak= R( 9i)ath d b = % Thenlthe pasticle fltame corresponds tottt
Riemann surface wih t hes e j,c hbo,i coe.s Wef slel ect d
the particle frame and its yellow regidn that has the labek(@, R{ »;) G b
according to figures 3.4 and 3.5. This represents the Schrddinger disc of thi
guark particle orthe particle frame, according to figures 2.1 and 4.1. By the fer
selection rule 4.1, the down quark particle is a quark of generation I. By the sg
4.4, the spin of the down quark particle is 1/2. By the electric charge rule 4
electric chage of the down quark particle {&/3. By the strong charge rule 4.6,
down quark particle has one of three possible strong chafges} - fr soN. = 3.
Due to quark confinement, no free quarks can be observed. From indirect expet
observéions the effective rest mass of the down quark particle is 10 MeV, whic
be attributed by the mass rule 4.7 to the Higgsble mechanism. The down que
particle can theoretically be observed with both riggahded and lefhanded helicities
in agreement with the helicity rule 4.10. By tl@&P transformation rule 4.11, a rigt

COPYRIGHT © ASHAY DHARWADKER 2008
http://www.dharwadker.org/standard_model


http://www.dharwadker.org/standard_model/

Grand Unification of the Standard Model with Quantum Gravity

handed down quark particle is transformed into aHeftded down quark antipartic
and a lefthanded down quark particle is transformed into a +igintded down quar
antiparicle.

Name Symbol| Type | Generation|Spin|Mass (MeV)|Charge| N
down quark particl{ d Quark I 1/2 10 -1/3 | 3

Figure 5.2.3.The down quark particle

5.2.4. The down quark antiparticle

L e tgowndark D€ the unique permutation associated with the down quark p:
according to the masls or wmlceod4dvngSei
Ydownquak= R( 9i)ath d b = % Thenlthe pasticle ftame corresponds tottt
Riemann surfacewih t hes e j,c hbo i coes Uosfi nlg t he a
disc 24 on the lower sheet of the particle frame and its yellow rdgitdmt has th
label (+@, RO ai) b+o), according to fig
Schrdadingerdisc of the down quark antiparticle on the particle frame, accordil
figures 2.1 and 4.1. By the fermion selection rule 4.1, the down quark antipartic
guark of generation I. By the spin rule 4.4, the spin of the down quark antipar
1/2. Bythe electric charge rule 4.5, the electric charge of the down quark antipar
+1/3. By the strong charge rule 4.6, the down quark antiparticle has one o
possible strong %doB.=@. Dse torqlark coningmemt,mo fi
guaks can be observed. From indirect experimental observations the effecti
mass of the down quark antiparticle is 10 MeV, which can be attributed by the
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rule 4.7 to the Higg&ibble mechanism. The down quark antiparticle can theoreti
be obseved with both righthanded and lefhanded helicities, in agreement with
helicity rule 4.10. By theCP transformation rule 4.11, a rightatnded down quat
antiparticle is transformed into a léfanded down quark particle and a Jefindec
down quarkantiparticle is transformed into a highanded down quark particle.

: : Mass
Name Symbol| Type | Generation| Spin (MeV) Charge| N
down quark d |Quark | 1/2 10 +1/3 | 3
antiparticle

Figure 5.2.4.The down quark antiparticle

5.2.5. The charm quarkparticle

L e tchamyuark D€ the unique permutation associated with the charm quark p
according to the mass br wlceoddvV ngSeil
Ychamquark= iRl B) and o 2hef the pértcle frame doresponds tott
Ri emann surface witfh, thesWe cheol eects
the particle frame and its green regidnthat has the label (( GR()bO] ,

according to figures 3.4 and 3.5. This represents the Schrédinger disc of the
quark particle on the particle frame, according to figures 2.1 and 4.1. By the f
selection rule 4.1, the charm quark particle is a quark of generatidy the spin rule
4.4, the spin of the charm quark patrticle is 1/2. By the electric charge rule 4
electric charge of the charm quark particle is +2/3. By the strong charge rule ¢
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charm quark particle has one+8f 2 bohlg=t
3. Due to quark confinement, no free quarks can be observed. From i
experimental observations the effective rest mass of the charm quark particle
MeV, which can be attributed by the mass rule 4.7 to the H{ggsle mechanism.
The charm quark particle can theoretically be observed with bothhégitted and left
handed helicities, in agreement with the helicity rule 4.10. ByCtRdransformatior
rule 4.11, a righthanded charm quark particle is transformed into ahleftded charr
quark antiparticle and a leftanded charm quark particle is transformed into a+
handed charm quark antiparticle.

Name Symbol| Type [ Generation|Spin (I\I\ﬂ?/s) Charge| N
charm quark ¢ |Quark [ 12| 1600 +2/3 | 3
particle

Figure 5.2.5.The charm quark particle

5.2.6. The charm quark antiparticle

L e tchamyuark D€ the unique permutation associated with the charm quark p
according to the mass br wlceod4dvVv ng Sel
Ychamquak= iRl B) and o 2Thefi the pértcle rame doyesponds tott
Ri emann surface wi tbh toh e sUes icnhgo itchees ac
disc 17 on the lower sheet of the particle frame and its green 2dioat has théabel
(-2, ®BOby) Gb+o2), according to figures
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disc of the charm quark antiparticle on the particle frame, according to figures z
4.1. By the fermion selection rule 4.1, the charm quark antiparticke asark of
generation Il. By the spin rule 4.4, the spin of the charm quark antiparticle is 1
the electric charge rule 4.5, the electric charge of the charm quark antipartif@.
By the strong charge rule 4.6, the charm quark antiparticle taofthree possibl
strong charges ;0 } -0 ft soN; = 3. Due to quark confinement, no free quarks
be observed. From indirect experimental observations the effective rest mas:
charm quark antiparticle is 1600 MeV, which can be attributeth® mass rule 4.7 1
the HiggsKibble mechanism. The charm quark antiparticle can theoreticall
observed with both rightanded and lefhanded helicities, in agreement with
helicity rule 4.10. By theCP transformation rule 4.11, a righeanded carm quark
antiparticle is transformed into a léfanded charm quark particle and a-ldihdec
charm quark antiparticle is transformed into atdlganded charm quark particle.

: . Mass
Name Symbol| Type | Generation| Spin (MeV) Charge| N
charm quark ¢ |Quark] 12| 1600 | -2/3 |3
antiparticle

Figure 5.2.6.The charm quark antiparticle

5.2.7. The strange quark particle

L e tswang¥quark D€ the unique permutation associated with the strange quark p
according to the jmasls or wlceod4d7V ngSel
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Ystrangequark = R( 0)a il d B = A Thenihe padicle frinpe corresponds tottt
Riemannsudce with thegsé,choi Wes sefl ed¢t d
the particle frame and its yellow regidn that has the label(Q, R(j2)) GO
according to figures 3.4 and 3.5. This represents the Schrodinger disc of the
quark particle on the particle frame, according to figures 2.1 and 4.1. By the fe
selection rule 4.1, the strange quark particle is a quark of generation Il. By the s
4.4, the spin of the strange quark particle is 1/2. By the electric charge Sulhe
electric charge of the strange quark particleli8. By the strong charge rule 4.6,
strange quark particle has one of three possible strong chérgés; - fr SON. =
3. Due to quark confinement, no free quarks can be observed. Froreci
experimental observations the effective rest mass of the strange quark particle
MeV, which can be attributed by the mass rule 4.7 to the H{ggsle mechanism
The strange quark particle can theoretically be observed with bothhaghied an
left-handed helicities, in agreement with the helicity rule 4.10. By @fe
transformation rule 4.11, a righanded strange quark particle is transformed ir
left-handed strange quark antiparticle and a-Haftded strange quark particle
transforme into a righthandel strange quark antiparticle.

Name Symbol| Type | Generation|Spin (I\I\ﬂif/s) Charge| N
strange quark s |Quark| 1 12| 180 3 |3
particle

Figure 5.2.7.The strange quark particle

COPYRIGHT © ASHAY DHARWADKER 2008
http://www.dharwadker.org/standard_model

51


http://www.dharwadker.org/standard_model/

Grand Unification of the Standard Model with Quantum Gravity

5.2.8. The strange quark antiparticle

Let Y swrangequark D€ the unique permutation associated with the strange quark p
according to the jmasls or wlceod4d7V ngSel
Ystrangequak= R( 0j)p @ d b = A Thenlhe padicle frime corresponds tottf
Ri emann surface wi tbh toh e sUes icnhgo itchees ac
disc 23 on the lower sheet of the particle frame and its yellow rdgitmt has th
label (+(, GR( 00 , b+o), accordi ng repmesefts th
Schrédinger disc of the strange quark antiparticle on the particle frame, accor
figures 2.1 and 4.1. By the fermion selection rule 4.1, the strange quark antiparti
quark of generation Il. By the spin rule 4.4, the spin ofstnr@nge quark antiparticle
1/2. By the electric charge rule 4.5, the electric charge of the strange quark anti
is +1/3. By the strong charge rule 4.6, the strange quark antiparticle has one
possible strong %dol.=@8. Dse torqlark coningmermt,mo fi
quarks can be observed. From indirect experimental observations the effecti
mass of the strange quark antiparticle is 180 MeV, which can be attributed by tr
rule 4.7 to the HiggKibble mechanism. The rsinge quark antiparticle c:
theoretically be observed with both riginded and lefhanded helicities, i
agreement with the helicity rule 4.10. By t@# transformation rule 4.11, a rigt
handed strange quark antiparticle is transformed into ehdefted strange qual
particle and a lefhanded strange quark antiparticle is transformed into ahaydec
strange quark particle.

: . Mass
Name Symbol| Type | Generation|Spin (MeV) Charge| N
strange quark s |Quark| 12| 180 | +13 |3
antiparticle

Figure 5.2.8.The strange quark antiparticle
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5.2.9. The top (truth) quark particle

L e topquyk e the unique permutation associated with the top quark particle acc
to the mass randdc M.a&cc dcrediercd tlo pduakl ®
GRCb) and 9 %Thenh,the particleoframe (cgrresponds to tiemann
surface with jt hbe,s eo.c hWe cseesl eodft (di s c

frame and its green regid that has the label &( AR bH +92 ) , ac
figures 3.4 and 3.5. This represents the Schrodinger disc of the top (aka truth
particle on the particle frame, according to figures 2.1 and 4.1. By the fe
selection rule 4.1, the top quark particle is a quark of generdtioByl the spin rule
4.4, the spin of the top quark particle is 1/2. By the electric charge rule 4.5, the
charge of the top quark particle is +2/3. By the strong charge rule 4.6, the tof
particle has one of t h#lee offesNs& b Due tc
quark confinement, no free quarks can be observed. From indirect experi
observations the effective rest mass of the top quark particle is 180000 MeV,
can be attributed by the mass rule 4.7 to the Hijbble meckanism. The top quat
particle can theoretically be observed with both rigdwaded and lefhanded helicities
in agreement with the helicity rule 4.10. By t8® transformation rule 4.11, a rigt
handed top quark particle is transformed into alafidedop quark antiparticle and
left-handed top quark particle is transformed into a figinidedop quark antiparticle

Name Symbol| Type [Generation|Spin (k/l/lzfls) Charge| N
top (ruth) quark | 5 o 1/2 | 180000 | +2/3 |3
particle

Figure 5.2.9.The top (truth) quark particle
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5.2.10. The top (truth) quark antiparticle

L e topquyk e the unique permutation associated with the top quark particle acc
to the mass randdc M.a&cc dcrediercd tlo pduakl ®
GRCb) and 9 %Thenh,the particleoframe (cgrresponds to tiemann
surface with jt heseo.chUsiceg tolie Ganti i
on the lower sheet of the particle frame and its green r&jitmat has théabel ¢(2,
08HR( b)) Gb+o), according to figures 3.
of the top (aka truth) quark antiparticle on the particle frame, according to figur
and 4.1. By the fermion selection rule 4.1, the top quark atitijgais a quark o
generation lll. By the spin rule 4.4, the spin of the top quark antiparticle is 1/2. |
electric charge rule 4.5, the electric charge of the top quark antiparti@2idBy the
strong charge rule 4.6, the top quark antiparticks bne of three possible strc
charges 0} -®f soN.= 3. Due to quark confinement, no free quarks ca
observed. From indirect experimental observations the effective rest mass of
quark antiparticle is 180000 MeV, which can be atteduby the mass rule 4.7 to t
Higgs-Kibble mechanism. The top quark antiparticle can theoretically be obs
with both righthanded and lefhanded helicities, in agreement with the helicity |
4.10. By theCP transformation rule 4.11, a righttndedtop quark antiparticle i
transformed into a lefhanded top quark particle and a Jeéinded top quar
antiparticle is transformed into ghthanded top quark particle.

Name Symbol| Type | Generation| Spin (mzf’; Charge| N
top (truth) quark | f o ol 172 | 180000 | -2/3 |3
antiparticle

Figure 5.2.10.The top (truth) quark antiparticle
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5.2.11. The bottom (beauty) quark particle

L e thoton¥yuark D€ the unique permutation associated with the bottom quark pi
according to the masls or wmlceod4dvV ng Seil
Yootomquark = R( 0i)a@h d b = T Thenithe padicle frime corresponds tott
Riemannsurfece wi t h t hese bchoi.cawe ocfellect d
the particle frame and its yellow regidn that has the labek(, 2R 2;) G b
according to figures 3.4 and 3.5. This represents the Schrodinger disc of the
(akabeauty) quark particle on the particle frame, according to figures 2.1 and <
the fermion selection rule 4.1, the bottom quark particle is a quark of generation
the spin rule 4.4, the spin of the bottom quark particle is 1/2. By the eldwngecrule
4.5, the electric charge of the bottom quark particledi8. By the strong charge rL
4.6, the bottom quark particle has one of three possible strong chargés - fr
so N; = 3. Due to quark confinement, no free quarks can be obsedfveah indirect
experimental observations the effective rest mass of the bottom quark particle
MeV, which can be attributed by the mass rule 4.7 to the H{gjgsle mechanism
The bottom quark particle can theoretically be observed with both-hiagided an
left-handed helicities, in agreement with the helicity rule 4.10. By @R
transformation rule 4.11, a righttinded bottom quark particle is transformed in
left-handed bottom quark antiparticle and a-hefhded bottom quark particle
transformed into a righbarded bottom quark antiparticle.

Name Symbol| Type | Generation|Spin ('I\\/I/Iifls) Charge| N
bottom (beauty) quarl 1o gl 12| 4500 | -13 |3
particle

Figure 5.2.11.The bottom (beauty) quark particl
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5.2.12. Thebottom (beauty) quark antiparticle

L e thoton¥yuark D€ the unique permutation associated with the bottom quark pi
according to the masls or wmlceod4dvV ng Seil
Yootomquark = R( 0i)a@h d b = T Thenithe padicle frime corresponds tott
Ri emann surface wi tbh toh e sUes icnhgo itchees ac
disc 22 on the lower sheet of the particle frame and its yellow redgitmt has th
label (+@L, 0#R( o) , adzordiny fo figures 3.4 and 3.5. This represents
Schrédinger disc of the bottom (aka beauty) quark antiparticle on the particle
according to figures 2.1 and 4.1. By the fermion selection rule 4.1, the bottom
antiparticle is a quark of gemation Ill. By the spin rule 4.4, the spin of the bott
quark antiparticle is 1/2. By the electric charge rule 4.5, the electric charge
bottom quark antiparticle is +1/3. By the strong charge rule 4.6, the bottom
antiparticle has one ofttee possi bl e st r on ¢, scNha3 Due s
quark confinement, no free quarks can be observed. From indirect experi
observations the effective rest mass of the bottom quark antiparticle is 450C
which can be attributed by the nsamule 4.7 to the HiggKibble mechanism. Th
bottom quark antiparticle can theoretically be observed with both-mimided an
left-handed helicities, in agreement with the helicity rule 4.10. By @fe
transformation rule 4.11, a righanded bottom quk antiparticle is transformed into
left-handed bottom quark particle and a -ldinded bottom quark antiparticle
transformed into a rightanded bottom quark particle.

. . Mass
Name Symbol| Type | Generation|Spin (MeV) Charge| N
bottom (beauty) quarl | Lyl 12| 4500 | +13 |3
antiparticle

Figure 5.2.12.The bottom (beauty) quark antiparticl
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6. Bosons

Bosons Particle Name Symbol | Associated Force Field Spin | Mass (MeV) | Charge | N¢
Section 6.1.1, | photon 2 electromagnetic force 1 0 0 1
Section 6.2.1, 4 vector bosorz’ z° neutral carrier of the weak force{ 1 91188 0 1
Section 6.3.1, 7 vector bosorw* w* positive carrier of the weak forc| 1 80280 +1 1
Section 6.4.1, 4 vector bosotwW w negative carrier of the weak for( 1 80280 -1 1
Section 6.5.1, g gluon As strong force 1 0 0 8
Section 6.6.1, 4 graviton g gravitational force 2 0 0 1
Section 6.7.1, 4 scalar boson Higg{ H° Higgs field 0 125874 0 1

6.1.1. The photon particle

The photon is the carrier of the electromagrnketicr ce. The un ppdbF
R( bj)ab soci ated with the mas sdqeabtsthepderdit
per mutation according to the mass r
frame corresponds to th&kiemannsurfee wi t h t h,i sb,c hoo.i cke
we select discs 1, 2 on the upper sheet of the particle frame and their blue @
that have the labels @( RO @) , ®+oR),AI)(,+(P+2) respe
figures 3.4 and 3.5. For the second ray we select discs 7, 8 on the upper she
particle frame and their blue regiofisthat have the labels(Q, 1)R( 2i) G b +(6,
JR( o)) db+2) r es pec tfiguree 3.4yand 3&.cThese tahetmegrepte
the Schrodinger discs corresponding to the electromagnetic field and the pair
represent the photon particle on the particle frame, according to figures 2.1 and
the boson selection rule 4.2, thkhoton particle is a boson. By the spin rule 4.4,
spin of the photon patrticle is 1. By the electric charge rule 4.5, the electric che
the photon particle is 0 and by the strong charge rule 4.6, its strong charge is
with N¢ = 1. From expemental observations the photon patrticle is massless and 1
with the velocity of light, so by the mass rule 4.7, the Higdgsle mechanism mu:
assign it zero mass. The photon particle can be observed with bothaigled an
left-handed helicitiesjn agreement with the helicity rule 4.10. Note that by
equivalence rule 4.8, the photon particle and antiparticle 6.1.2 represent the sa
of particle in the standard model. By t6® transformation rule 4.11, a righandec
photon is transformenhto a lefthanded photon and vieersa. ThusCP symmetry is
preserved in particle interactions involving the photon, i.e. electromar
interactions.

Name Symbol|Associated Force Field Spin [Mass (MeV)|Charge|Nc

photon particlf o electromagnetiorce | 1 0 0 1
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Figure 6.1.1.The photon patrticle

6.1.2. The photon antiparticle
The photon antiparticle is equivalent to the photon particle, as shown by the fol

construction. T h epnotol N R( ¢ ) aSisocated with the massde
phot on parti;edua tothe identity permaueatiord according to the r
rul e 4. 7. We select b = 1 and o2 =t

Ri emann surface jwibh 9 hi Bigeauebdd,cfan thedfirs
ray we select discs 13, 14 on the lower sheet of the particle frame and the
regionsO, that have the labels(Q, 1)R( b;) G4 b +(6,) R{f h{) G b+2) r

according to figures 3.4 and 3.5. Again by the anmtiga rule 4.9, for the second .
we select discs 19, 20 on the lower sheet of the particle frame and their blue @
that have the labels @( R() ai) , B+ oyR), L), +(b+2) Trespe
figures 3.4 and 3.5. These together represent the Schrodinger discs correspo
the electromagnetic field and the pair of rays represent the photon antiparticle
particle frame, according to figures 2.1 and.By the boson selection rule 4.2,

photon antiparticle is a boson. By the spin rule 4.4, the spin of the photon antipa
1. By the electric charge rule 4.5, the electric charge of the photon antipatrticle i
by the strong charge rule 4.@s strong charge is neutral witN; = 1. From
experimental observations the photon antiparticle is massless and moves v
velocity of light, so by the mass rule 4.7, the Hifgsble mechanism must assigr
zero mass. The photon antiparticle canobserved with both rightanded and lefi
handed helicities, in agreement with the helicity rule 4.10. Note that by the equiv
rule 4.8, the photon particle 6.1.1 and antiparticle represent the same kind of pa
the standard model. By th€P transformation rule 4.11, a righanded photo
antiparticle is transformed into a léfanded photon antiparticle and weersa. Thus
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CP symmetry is preserved in particle interactions involving the photon,
electromagnetic interactions.

Associated Force , Mass
Name Symbol Field Spin (MeV) Charge| N
p.hoto'n 2 electromagnetic forcd 1 0 0 1
antiparticle

Figure 6.1.2.The photon antiparticle

6.2.1. Vector boson Zparticle

The vector boson Zparticle is the neutral carrier of the weak force. The un
per mut &t Rom)asgociated with the massivé gar ti cl e mu
according to the mass rule 4.7 and \
to thet-Riemann surfacevi t h t hi g, cbh,oioc.e Foofr Gt he f
4 on the upper sheet of the particle frame and their blue re@idhat have the labe
(+0, )R b)), BO+NWR BO+( bB+2) respectivel

3.5. Forthe second ray we select discs 9, 10 on the upper sheet of the particl
and their blue regior, that have the labels(@, )R( 2i) G b +@ ) dR( o) G b
respectively, according to figures 3.4 and 3.5. These together represent the §eh
discs corresponding to the neutral component of the weak field and the pair
represent the Zparticle on the particle frame, according to figures 2.1 and 4.1. E
boson selection rule 4.2, th8 Zarticle is a boson. By the spin rule 4.4 #pin of the
Z° particle is 1. By the electric charge rule 4.5, the electric charge of tharticle is C
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and by the strong charge rule 4.6, its strong charge is neutralNyith 1. From
experimental observations the rest mass of theafticle is 91188 MeV, which can |
attributed by the mass rule 4.7 to the Higgble mechanism. The%article can bt
observed with both rightanded and lefhanded helicities, in agreement with
helicity rule 4.10. Note that by the equivalencke .8, the 2 particle and antiparticl
6.2.2 represent the same kind of particle in the standard model. BYCRr
transformation rule 4.11, a righeanded Z particle is transformed into a Idfanded 2
particle and viceversa. Thus,CP symmetry is presved in particle interactior
involving the 7 particle, ie. neutral weak interactions.

Name Symbol| Associated Force Field Spin (?\223/55 Charge| N
0 «
vector b_osonZ 20 neutral carrier of the 1 91188 0 1
particle weak force

Figure 6.2.1.The vector bosod’ particle

6.2.2. Vector boson 2 antiparticle

The 7 antiparticle is equivalent to the®Zarticle, as shown by the followir
construction. Th e? =uRf ibJadiseciatpdewitmine raassivé
particle must have b = 1 according

particle frame correspondstothRi e mann sur f ace j,wilt,h 2
antiparticle rule 4.9, for the first ray we select discs 15, 16 on the lowet shthe
particle frame and their blue regiofisthat have the labels(Q, ?R( b;) G b +(6,
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GHAR( b)) Gb+2) respectively, according
select discs 21, 22 on the lower sheet of the particle frame andltreeregions), that
have the labels (8( ?)JR( 2) , B+ VR 20+( b+2) respe
figures 3.4 and 3.5. These together represent the Schrodinger discs correspo
the neutral component of the weak field and the pair 96 nepresent the %
antiparticle on the particle frame, according to figures 2.1 and 4.1. By the
selection rule 4.2, theantiparticle is a boson. By the spin rule 4.4, the spin of t
antiparticle is 1. By the electric charge rule 4.5, the electric charge of trigarticle
is 0 and by the strong charge rule 4.6, its strong charge is neutraNyvth. From
experimental observations the rest mass of frenfiparticle is 91188 &V, which car
be attributed by the mass rule 4.7 to the Hijisble mechanism. The®Antiparticle
can be observed with both righainded and lefhanded helicities, in agreement w
the helicity rule 4.10. Note that by the equivalence rule 4.8, thedicle 6.1.1 an
antiparticle represent the same kind of particle in the standard model. ByPt
transformation rule 4.11, a righinded 2 antiparticle is transformed into a le
handed 2 antiparticle and viceersa. ThusCP symmetry is preserved iparticle
interactions involving the %particle, ie. neutral weak interactions.

Associated Force . Mass
Name Symbol Field Spin (MeV) Charge|Nc
0 .
vectqr bo§on7_ 20 neutral carrier of the 1 91188 0 1
antiparticle weak force

Figure 6.2.2.The vector bosod® antiparticle
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6.3.1. Vector boson W particle

The vector boson Wparticle is the positive carrier of the weak force. The un
per mut g t=iR0 m)asgociated with the massive'W ar t i cl e mu
according to the mass rule 4.7 and
tothettRi emann sur face jwift,h ot.hiForc htoh ec ef
3 on the upper sheet of the particle frame and tieel regions3, that have the labe
+@ ROE), MBrHMR b)Y +(b+02) respectivel)
3.5. For the second ray we select discs 20, 21 on the lower sheet of the particl
and their red regiong, that have the lalte (+@3, R() ) , B+ PR( 0 X +
respectively, according to figures 3.4 and 3.5. These together represent the Sch
discs corresponding to the positive component of the weak field and the pair

represent the Wparticle on the paicle frame, according to figures 2.1 and 4.1. By
boson selection rule 4.2, the"\Warticle is a boson. By the spin rule 4.4, the spin o
W particle is 1. By the electric charge rule 4.5, the electric charge of thpaiticle is
+1 and by the sbng charge rule 4.6, its strong charge is neutral Wi 1. From
experimental observations the rest mass of tfep¥ivticle is 80280 MeV, which ce
be attributed by the mass rule 4.7 to the Higdsble mechanism. The Wparticle car
be observed with both rigitanded and lefhanded helicities, in agreement with

helicity rule 4.10. Note that by the equivalence rule 4.8, thepdticle and the W
antiparticle 6.4.2 represent the same kind of particle in the stanuatel. By theCP
transformation rule 4.11, a righanded W particle is transformed into a lefiandec
W’ particle and a lefhanded W particle is transformed into a righanded W
particle. Since the Wand W particles are not equivaler@P symmetryis violated in
particle interactions involving the Warticle, ie. positive weak interactions.

Mass

Name Symbol| Associated Force Fielc| Spin (MeV)

Charge| N

vector bosow* W positive carrier of the

) 1 80280 +1 |1
particle weak force

Figure 6.3.1.The vector boson Wparticle
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6.3.2. Vector boson W antiparticle

The W' antiparticle is equivalent to the Warticle, as shown by the followir
construction. Th e/ =uRf ibQadseciatpdewitmthe naassives
particle must have b = 1 according
particle frame correspondstothRi e mann sur f ace ;,wibtBhthel
antiparticle rule 4.9, for the first ray we select discs 14, 15 on the lowet shthe
particle frame and their red regioBsthat have the labels(8, R{ bi) G b +(3,
JO)R( b)) G b +2) respectivel vy, according
select discs 8, 9 on the upper sheet of the particle frame and theegiens3, that
have the labels-(3, R{ »;) G b +8,))R( ;) G b+2) respect
figures 3.4 and 3.5. These together represent the Schrodinger discs correspo
the negative component of the weak field and the pair of rayesemr the W
antiparticle on the particle frame, according to figures 2.1 and 4.1. By the
selection rule 4.2, the Wantiparticle is a boson. By the spin rule 4.4, the spin o
W" antiparticle is 1. By the electric charge rule 4.5, the electric charge of it
antiparticle is-1 and by the strong charge rule 4.6, its strong charge is neutralyvit
1. From experimental observations the rest mass of thariiparticle is 8028MeV,
which can be attributed by the mass rule 4.7 to the Higiglsle mechanism. The W
antiparticle can be observed with both rijainded and lefbhanded helicities, i
agreement with the helicity rule 4.10. Note that by the equivalence rule 4.8,"t
antiparticle and the Wparticle 6.4.1 represent the same kind of particle in the sta
model. By the CP transformation rule 4.11, a righanded W antiparticle is
transformed into a lefhanded W antiparticle and a lefhanded W antiparticle is
transformed into a righhanded Wantiparticle. Since the Wand W antiparticles ar
not equivalent,CP symmetry is violated in particle interactions involving the
antiparticle, i.e. negative weak interaciso

Associated Force , Mass
Name Symbol Field Spin (MeV) Charge| N
" : ,
vecto_r bos_,orW W negative carrier of the 1 80280 1 1
antiparticle weak force

Figure 6.3.2.The vector boson Wantiparticle
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6.4.1. Vector boson Wparticle

The vector boson Wparticle is the negative carrier of the weak force. The ur
per mut @ tiROby)asgociated with the massive War t i cl e mu
according to the mass rule 4.7 and \
to thet-Riemannsurfae wi t h t hi s b¢hoi c&oof tthe f
17 on the lower sheet of the particle frame and their red re8jdhat have the labe
(-8 R b) Gb+3) BubY) Gb+o) respectively,

3.5. Fo the second ray we select discs 10, 11 on the upper sheet of the particl
and their red region, that have the labels(8, 2R¢ 2i) G b +3,) ,RuY)) G b
respectively, according to figures 3.4 and 3.5. These together represohttidinge!
discs corresponding to the negative component of the weak field and the pair
represent the Wparticle on the particle frame, according to figures 2.1 and 4.1. E
boson selection rule 4.2, the Yarticle is a boson. By the spineut.4, the spin of th
W particle is 1. By the electric charge rule 4.5, the electric charge of tipaiitle is
-1 and by the strong charge rule 4.6, its strong charge is neutraNwithl. From
experimental observations the rest mass of thpafticle is 80280 MeV, which can t
attributed by the mass rule 4.7 to the Hig@sble mechanism. The Warticle can b
observed with both rightanded and lefhanded helicities, in agreement with

helicity rule 4.10. Note that by the equivalence rule 4.8, theaMticle and the W
antiparticle 6.3.2 represent the same kind of particle in the standatel. By theCP
transformation rule 4.11, a rightanded W patrticle is transformed into a ldftandec
W" particle and a lefhanded W particle is transformed into a rightinded W
particle. Since the Wand W particles are not equivaler@P symmetryis violated in
particle interactions involving the WWarticle, ie. negative weak interactions

Name Symbol| Associated Force Field| Spin ('I\\/I/szls) Charge| N
vector b_osorW W negative carrier of the 1 80280 1 1
particle weak force

Figure 6.4.1.The vector boson Vgarticle
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6.4.2. Vector boson Wantiparticle

The W antiparticle is equivalent to the Wparticle, as shown by the followir
construction. T h ey =uR{ ib Qasiseciatpdewitimthe raassive
particle must have b = 1 according
particle frame correspondstothRi e mann sur f ace ;,wibtBhthel
antiparticle rule 4.9, for the first ray we select discs 4, 5 on the upper chte
particle frame and their red regioBsthat have the labels @( G #R( b ) , 8,1
gy RGH) , b+2) respectively, according
select discs 22, 23 on the lower sheet of the particle frame andatieggions3, that
have the labels (8( 2dR( 2 ), B+o0R( o +( b+2) respe
figures 3.4 and 3.5. These together represent the Schrodinger discs correspo
the positive component of the weak field and the pair of raysesent the W
antiparticle on the particle frame, according to figures 2.1 and 4.1. By the
selection rule 4.2, the Véintiparticle is a boson. By the spin rule 4.4, the spin of th
antiparticle is 1. By the electric charge rule 4.5, the eateatharge of the W
antiparticle is +1 and by the strong charge rule 4.6, its strong charge is neutr}
= 1. From experimental observations the rest mass of thandparticle is 8028
MeV, which can be attributed by the mass rule 4.7 to the H{ggsle mechanism
The W antiparticle can be observed with both rigainded and lefhanded helicities
in agreement with the helicity rule 4.10. Note that by the etpnea rule 4.8, the W
antiparticle and the Wparticle 6.3.1 represent the same kind of particle in the sta
model. By the CP transformation rule 4.11, a rightinded W antiparticle is
transformed into a lefhanded W antiparticle and a lethandedW antiparticle is
transformed into a rigihanded W antiparticle. Since the Wand W antiparticles ar
not equivalent,CP symmetry is violated in particle interactions involving the
antiparticle, i.e. positive weak imgtions.

Associated Force , Mass
Name Symbol Field Spin (MeV) Charge| N
vecto_r boe_:orW' W positive carrier of the 1 80280 +1 1
antiparticle weak force

Figure 6.4.2.The vector boson Véntiparticle
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6.5.1. The gluon particle

The gluon is the carrier of tet r ong f or ce. T h guon & R(i bq)
associated with the ma s s | egsat to ¢thé identit
permutation according to the?amad so r=a
8 f. Then the particle frame corresps to the-Riemann surface with this choice
a, b, o. For the first ray we select
their blue region®, that have the labels @;( GR( )b , [0+ o RO Ai)(,+
respectively, according to figures 3.4 and 3.5. For the second ray we select disc
on the upper sheet of the particle frame and their blue re@jdhat have the labels
(0, B(12)) Gb+6)RAY) Gb+2) r es p e dotfigures 3.4and 34
These together represent the Schrédinger discs corresponding to the strong f
the pair of rays represent the gluon particle on the particle frame, according to
2.1 and 4.1. By the boson selection rule 4.2, the glawoticie is a boson. By the st
rule 4.4, the spin of the gluon particle is 1. By the electric charge rule 4.5, the ¢
charge of the gluon particle is 0. By the strong charge rule 4.6, the gluon f
carries 8 possible strong charge/antichargespas superpositions of particle fran
(there are 8 gluon species),dp= 8. Due to quark confinement, no free gluons ca
observed. From indirect experimental observations the gluon particle is massl
moves with the velocity of light, so bydhmass rule 4.7, the Higgs8bble mechanisn
must assign it effective zero mass. The gluon particle can theoretically be ok
with both righthanded and lefhanded helicities, in agreement with the helicity |
4.10. Note that by the equivalence rdl$, the gluon particle of a species and
antiparticle 6.5.2 of the corresponding species represent the same kind of partic
standard model. By the&P transformation rule 4.11, a righanded gluon i
transformed into a lefhanded gluon and weversa. ThusCP symmetry is preserve
in particle interactions involving thewgdn, i.e. strong interactions.

Name Symbol| Associated Force Field Spin | Mass (MeV)|Charge|Nc

gluon particle] As strong force 1 0 0 8

Figure 6.5.1.The gluon particle
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6.5.2. The gluon antiparticle
The gluon antiparticle is equivalent to the gluon particle, as shown by the foll

construction. T h eguontFNR( @ idiaéisociptedr withu thea maissix
gl uon parti;edud totheidentity peamutatioriaccording to the mass
4.7. We select?abhd =2 0z )Thed the ghagicle dram

corresponds to theRi emann surface wibh bdhi 8yc
rule 4.9, for the first ray @/ select discs 17, 18 on the lower sheet of the particle f
and their blue regiong, that have the labels(Q, B(}b)) G b +©,) RO b() G b
respectively, according to figures 3.4 and 3.5. For the second ray we select disc
on the lowersheet of the particle frame and their blue regi@nthat have the labe
(+0, GR(p§ , Mm+roRW)A)(,+(b+2) respectivel
3.5. These together represent the Schrodinger discs corresponding to the strc
and thepair of rays represent the gluon antiparticle on the particle frame, accorc
figures 2.1 and 4.1. By the boson selection rule 4.2, the gluon antiparticle is a
By the spin rule 4.4, the spin of the gluon antiparticle is 1. By the electricechae
4.5, the electric charge of the gluon antiparticle is 0. By the strong charge rule -
gluon antiparticle carries 8 possible strong anticharge/charge pairs as superpos
particle frames (there are 8 antigluon speciesiNso 8. Due to quark confinement,
free antigluons can be observed. From indirect experimental observations the
antiparticle is massless and moves with the velocity of light, so by the mass r
the HiggsKibble mechanism must assign it effeetizero mass. The gluon antiparti
can theoretically be observed with both riglainded and lefhanded helicities, i
agreement with the helicity rule 4.10. Note that by the equivalence rule 4.8, the
antiparticle of a species and the particle 6d&f.the corresponding species repres
the same kind of particle in the standard model. ByGRdransformation rule 4.11,
right-handed gluon antiparticle is transformed into ahaitded gluon antiparticle a
vice-versa. Thus,CP symmetry is preseed in particle interactions involving tl
gluon, i.e. strong interactions.

Associated Force , Mass
Name Symbol Field Spin (MeV) Charge| N
gluor) As strong force 1 0 0 8
antiparticle
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Figure 6.5.2.The gluon antiparticle

6.6.1. The gravitonparticle

The graviton is the carrier of tdunRn=
R( bj)laBsoci ated with the mas sjkeqgats thagideatit
per mutation according to the mass r
frame correspondstotidRi e mann sur f ace j;,wibt,hmatOhlj2s
or 3, corresponding to the gravitational charge ruke Eor the first ray we select dis
1, 12 on the upper sheet of the particle frame and their remgiotieat have the labe
(+(m RO E) , -@n+oRfiY) §b+o) respectively,

3.5. For the second ray we select discg 6n the upper sheet of the particle frame
their regionsm, that have the labels @( RO i) , -tmr 2)R(,0;) (O
respectively, according to figures 3.4 and 3.5. These together represent the Sch
discs corresponding to the gravitatibfiald and the pair of rays represent the grav
particle on the particle frame, according to figures 2.1 and 4.1. By the boson se
rule 4.2, the graviton particle is a boson. By the spin rule 4.4, the spin of the g
particle is 2. By the eltric charge rule 4.5, the electric charge of the graviton pe
is 0 and by the strong charge rule 4.6, its strong charge is neutraliyatii. By the
gravitational charge rule 4.6, the graviton particle carries 24 possible grauviti
charge/anticharge pairs as superpositions of particle frames (there are 24 |
species). The graviton particle has not been observed yet, but it iisedtable
consequence of the gravitational force and quantum mech&hids is believed[8]
that the graviton particle is massless and moves with the velocity of light, so
mass rule 4.7, the Higgsibble mechanism must assign it zero mass. Thaigpn
particle can theoretically be observed with both rggahded and lefhanded helicities
in agreement with the helicity rule 4.10. Note that by the equivalence rule 4
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graviton particle and antiparticle 6.6.2 represent the same kind otleairti the
standard model. By th€P transformation rule 4.11, a righanded graviton i
transformed into a lefhanded graviton and vieeersa. Thus,CP symmetry is
preserved in particle interactions involving the graviton, i.e. gravitational interacti

Associated Force . Mass
Name Symbol Field Spin (MeV) Charge| N
%g\{i'(t:?: g gravitational force 2 0 0 1

Figure 6.6.1.The graviton particle

6.6.2. The graviton antiparticle
The graviton antiparticle is equivalent to tigeaviton particle, as shown by t

foll owing construct i oghon=Rhbg)aseocidted with th
massl ess gravi t ojrequa toithe identityepermmuation acboedw¢
the mass rul e 4. 7. \fetheparticle frame cbrresponds tce

ttRi emann surface ;wihhm¥g iR et3hcanespanding f
the gravitational charge rule 4.6. By the antiparticle rule 4.9, for the first ray we
discs 13, 24 on the lower sheet of the particle frame and their regidhat have th
labels ¢(m, )R( b;) G b + ) , &R &)(, b etively, accarding ® figures 3
and 3.5. Again by the antiparticle rule 4.9, for the second ray we select discs 1¢
the lower sheet of the particle frame and their regimnshat have the labels(fn,
GR( b)) Gb+an) , R H), b + oe)y, accerding ¢ocfigures 3.4 and 3
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These together represent the Schrédinger discs corresponding to the gravitatio
and the pair of rays represent the graviton antiparticle on the particle frame, ac
to figures 2.1 and 4.1. By the bosorestion rule 4.2, the graviton antiparticle it
boson. By the spin rule 4.4, the spin of the graviton antiparticle is 2. By the €
charge rule 4.5, the electric charge of the graviton antiparticle is 0 and by the
charge rule 4.6, its strongp@rge is neutral withN; = 1. By the gravitational charge rt
4.6, the graviton antiparticle carries 24 possible gravitational charge/anticharge |
superpositions of particle frames (there are 24 antigraviton species).The ¢
antiparticle has not been observed yet{ ibus an inevitable consequence of

gravitational force and quantum mechanj8§. It is believed[8] that the gravitor
antiparticle is massless and moves with the velocity of light, so by the mass r
the HiggsKibble mechanism must assign #rp mass. The graviton antiparticle ¢
theoretically be observed with both riginded and lefhanded helicities, i
agreement with the helicity rule 4.10. Note that by the equivalence rule 4.
graviton particle 6.6.1 and antiparticle represent shene kind of particle in tF
standard model. By theCP transformation rule 4.11, a rightnded gravitol
antiparticle is transformed into a léfanded graviton antiparticle and wieersa. Thus
CP symmetry is preserved in particle interactions involvitige graviton, e.
gravitational interactions.

Associated Force : Mass
Name Symbol Field Spin (MeV) Charge| N
graviton g gravitational force | 2 0 0 1
antiparticle

Figure 6.6.2.The graviton antiparticle
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6.7.1. The Higgs patrticle

The Higgs particle attributes mass to all the particles in the standard model, inc
i tsel f. The UnhggguR b;padsocmted with the massjve Hic
particle must have b = 1 according
4.7, t he p ejrhasuhe @rengyeagualito half of the sum of the masses
other bosons. Since the Higgs particle and antiparticle will be identified (as a (
pair), their combined energy would then be the sum of the masses of all other
This must be the lowest energy state possible for the Higgs boson when it un
Bose condensation. We select 2 = 1.
Ri emann surface jwibt,h ot.hiBy cthhoe cki gds
paticle is given as the intersection of all the 24 discs oft{Reemann surface. W
may regard the Higgs particle as the intersection of the discs 1 ,..., 12 of the upp
(the origin of the upper sheet) and the Higgs antiparticle as the interseictiendiscs
13, ..., 24 of the lower sheet (the origin of the lower sheet). However, the partic
antiparticle 6.7.2 are i den t-Rigmann durfae
These 24 discs together represent the Schrodinger discs oodagpto the Higg:
field and the branch point represents the Higgs particle on the particle frame, ac
to figures 2.1 and 4.1. By the Higgs selection rule 4.2, the Higgs patrticle is a
boson. By the spin rule 4.4, the spin of the Higgs perixl0. By the electric chart
rule 4.5, the electric charge of the Higgs patrticle is 0 and by the strong charge r
its strong charge is neutral with. = 1. The Higgs particle has not been observed
but it is an inevitable consequence of the Hifgsble mechanisnj8]. By the mas:
rule 4.7, we can predict the mass of the Higgs particle (in MeV) as

(91188 + 80280 + 80280)/2 = 125874

Name Symbol|Assodated Force Field| Spin [Mass (MeV)|Charge|Nc
Higgs particle] H° Higgs field 0 125874 0 1

Figure 6.7.1.The Higgs particle

COPYRIGHT © ASHAY DHARWADKER 2008
http://www.dharwadker.org/standard_model

71


http://www.dharwadker.org/standard_model/

Grand Unification of the Standard Model with Quantum Gravity

6.7.2. The Higgs antiparticle

The Higgs antiparticle is equivalent to the Higgs particle (they are actually idel
on the particle frame), as shown by the following construction. The Higgs p.
attributes mass to all the particles in the standard model, including itself. The
per mut@gwsiRobaggsoci ated with the mass-d
according to the mass rule 4.7. Fur
has the energy equal to half of the sum of the masses of all other bosons. S
Higgs particle and antiparticle will be identified (as a Cooper pair), their caud
energy would then be the sum of the masses of all other bosons. This must
lowest energy state possible for the Higgs boson when it undergoes Bose conde
We select o9 = 1. Then t heRiegmann suifacelwih isf
choicie ©6f 4. By the Higgs selectior
Higgs antiparticle is given as the intersection of all the 24 discs of-Riemann
surface. We may regard the Higgs particle as the intersection of the disc42 of.
the upper sheet (the origin of the upper sheet) and the Higgs antiparticle
intersection of the discs 13, ..., 24 of the lower sheet (the origin of the lower
However, the particle 6.7.1 and antiparticle are identified as the branch po (
of the t-Riemann surface. These 24 discs together represent the Schrddinge
corresponding to the Higgs field and the branch point represents the Higgs anti
on the particle frame, according to figures 2.1 and 4.1. By the Higestisel rule 4.2
the Higgs antiparticle is a scalar boson. By the spin rule 4.4, the spin of the
antiparticle is 0. By the electric charge rule 4.5, the electric charge of the
antiparticle is 0 and by the strong charge rule 4.6, its strongel@neutral witiN. =
1. The Higgs antiparticle has not been observed yet, but it is an inevitable const
of the HiggsKibble mechanisnj8]. By the mass rule 4.7, we can predict the ma:
the Higgs antiparticle (in MeV) as

(91188 + 80280 80280)/2 = 125874

Name [Symbol|Associated Force Field Spin|Mass (MeV)|Charge|Nc
Higgs antiparticle] ~ H° Higgs field 0 125874 0 |1

Figure 6.7.2.The Higgs antiparticle
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7. Force Fields

Section 7.1l The Electromagnetic Force Fie
Section 7.2 The Weak Force Field

Section 7.5 The Strong Force Field

Section 7.4 The Gravitational Force Field

7.1. The Electromagnetic Force Field

In Section 7.1.1 we review Maxwell's Electromagnetic Field EquationsSkttion
7.1.2 we show how the photon acts as the carrier of the electromagnetic fo
Section 7.1.3we give an example of a typical electromagnetic interaction: elec
electron scattering. IrBection 7.1.4 we define the electromagnetic gauge gr

Ge= U(1)

We explicitly define the observable gauge photon and show how the electrom
gauge group acts on it by means of the electromagnetic gauge transformations.

7.1.1. Maxwell's Electromagnetic Field Equations

Maxwell's equations for electromagnetism remain unchanged if the -Spex
coordinates are subjected to Lorentz transformations given by equation 1
demonstrate Lorentz invariance, we must put Maxwell's equations into the
dimensional form requed by special relativity. We use Einstein's notation for ter
[5], with superscripts for components of contravariant -i@ators, subscripts fc
components of covariant fowmectors and subscript commas for partial derivatives
choose units of distewe and time such that the velocity of light= 1. Maxwell's
equations are usually written as:

E=(1lc) AOD-gr ac (7.1.1.1
H = curlA (7.1.1.2

(1/c) HOD=-curlE (7.1.1.3
divH =0 (7.1.1.4
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(1/c) EOD=curlH-4 J (7.1.1.5

dvE= 4 (7.1.1.6

whereE = (E %, E %, E ) denotes the electric fielt = (H *, H 2, H °) denotes th
magnetic field, 0 demrtAsA°Sdemtestheenagne
pot ent U %denotesjthe sharge density= (J *, J 2 J ) denotes the curre
density and: denotes the velocity of light. Pit= X ° for the time coordinateX = X %,
Y=X%Z=X*f or the spac &« oraheeletirinpaténtasantl® & K
1 A2=K? A*=K %or the magnetic potential. Then the contravariant-feator K °,
X 1 X2 X3 represents spa¢ine, the contravariant fowrector K °, K *, K 2, K 3)
represents the electromagnetic potential and the contravariaswefctor 0 ° J*% 32 J
% represents the chargerrent density. Define the contravariant and covariant-*
vectors

FOFLF4FY) and (Fo,F1,FaFa) (7.1.1.7

respectively, wher€ °=F o, F1=-F 1, F>=-F ,, F *=- F 5, by means of the tens
equations

Fo = FoFa=Ke, - Ko, =0 KOXYP-( K/ XY (7.1.1.8
By Maxwell's first equation 7.1.1.1,
E*' (-1/c) A -( O) O = (1) K& XP)-( K% XY

(1/C) «@Xj))'(lool )6) = F10=F1Fo=-F1FO=-FlO

E*? = (1) ADD-( Oy O (-1lc) K& XP) - ( K7 X7

= (o) K& XP)-( 10/ X5) Fo=FFo=-F?F°=-F?

E} = (1) ABDD-( Om O (1) K& XF)-( Y XP)

= (W) K@ XP)-( s X) Fao=FsFo=-F°F°=-F%
Thus, the three components of the electric field are given by

E1:F10:-Flo (7119

EZ:FZO:-FZO (71110
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E3:F30:-F30 (71111

By Maxwell's second equation 7.1.1.2,

HY = (A7 9-(A D = (KY X)) - (K71 X

= (K X)) KJXD) = Fpu=FF:=(-F)-F)=FF°=F%
H2 = (Y DH-(AY X = (KOY X -( KY XD

= '(lol/ XU)S) K3/OC® = F31:F3F1:(":3)('|:1):F3F1:F31
H® = (&1 X-(A7Y = (K70 - (1Y X)

(K0 X0 KD

Thus, the three components of the magnetic field are given by

Fio=FiF,=(-F)(-F)=F'F?=F*

Hl=Fp=F% (7.1.1.12
H2:F31:F31 (71113
H3=F,=F 2 (7.1.1.14
By definition,
Feo = (Ks,'lgs,), U Kaq (Xﬁ)'(IQ/ X@) 4]
= O(KOXYP- (K XY) XY= 8O XTXY-( L/ XTXY
Hence,
Feo, = (®/ XXY-(®/ XWOXY
Feo, = (®/ XOX®%-( &y XX
Foe, = (®d XOXY)-( B/ X'

Adding the three terms on the Wiand sides of the three equations, the terms o
right-hand sides cancel in pairs and we obtain

Fes, + Fso, + Fge, = O (7.1.1.15
From equation 7.1.1.15 we can derive Maxwell's third equation 7.1.1.3:
(1) H& D = Fa3,0 = - Foz,3- Fao, 2 = Fa0,3- Fs0,2 = -( EDD-( BT D)
(7.1.1.16
(1) HE& D = Fao = -Fo31-Fio3 = Fs0,1-Fio3 = (E9DH-(BYX)
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(1) HO T = Fi2,0 = - Fot, 2~ Fa0,1 = Fio,2- F20,1 = -( EDX)-( BY 9
From equation 7.1.1.15 we can also derive Maxwell's fourth equation 7.1.1.4:

(Y X)) HIMDO HY@DO = Fag1+Faro+Fns = 0 (7.1.1.17
By Maxwell's fifth equation 7.1.1.5,

(1) E®TY = Fuoo = FroFausz-43 = (BOYD-(O7H-43"

() EBD = Frpo = Fus-Fipi-432 = (OYD-(®YX-432 (7.1.1.18

() EBTD = Fao = Fa1-Faz2-43% = (107 X)-(OY ¥Hh-4 233

Finally, by Maxwell's sixth equation 7.1.1.6,
( Bll D 'E2/ (\m 'E3/(m = F10,1+ F20'2+ F30'3 = 4 JO = 4 ’ J (71119

This demonstrates the Lorentz invariance of Maxwell's equations. We can expl
correspondence between the antisymmetric tefgqrand the components of tl
electomagnetic field as follows:

Foo| Foi| Foz| Fos 0 |-Ef-E?|-E?®
Fuo|Fu|Fu|Fui| E*Y 0 | H®[-H?

¥ o : (7.1.1.20
FoolFo1|Fao|Fos E“|-H 0 | H
Fa|F31|Fa|F3s3 E3[H?[-H'| O

7.1.2. The photon as the carrier of the electromagnetic force

We now show how the photon 6.1.1 can be regarded ascdh@er of the
el ectromagneti c f or C emoon=TR{ &;)adisociatediveith th
massl ess phot on ;@gaat to the itleatity parnsutatiorn accoreing
the mass rule 4.7. We sel ect fespendsioth
t-Ri emann surface ,wifi,h dad.hiBorchtoheefioff
the upper sheet of the particle frame and their blue re@iohsit have the labels @;(
1)R{ b) , W+oROM)(,+(B+02) respectively, e
the second ray we select discs 7, 8 on the upper sheet of the particle frame ¢
blue regions0, that have the labels-(0, 1)R( 2;) G b +(,) ,R{ X;) G4 b
respectively, according tiigures 3.4 and 3.5. These together represent the Schr6
discs of the photon 6.1.1 and the electromagnetic field via the follc
correspondence:

Fo Y (+0O R0 AI) ,
(7.1.2

F 1 Y (+(Ql BO Eﬁ) )
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F2 Y (O DR(2i) Gb +

Fa ¥ (@ R{3)Gb-

Figure 7.1.2.The photon and the electromagnetic fie

7.1.3. Electromagnetic Interactions

A typical electromagnetic interaction is shown in the following Feynman diagra
like-charge repulsion: a pair @lectrons experience a repulsive force and a vi
photon (the carrier of the elestnagnetic force) is exchanged.

Figure 7.1.3.1Feynman diagram for a typical electromagnetic interaction: "like
charges repel”
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We can visualize this electromagnetic interaction as shown below in figure 7.1.:
the two electrons approach each other; (b) two of the Schrédinger discs
electromagnetic field destroy the two old electrons (the corresponding wave ful
arenow interpreted adestruction operatods (c) the other two Schrédinger discs
the electromagnetic field create two new electrons (the corresponding wave fu
are now interpreted ageation operatory (d) together, the four Schrédinger discs
the electromagnetic field constitute the virtual photon that is exchanged
transmitting the electromagnetic force; (e) the two electrons are ref

Figure 7.1.3.2 A typical electromagnetic interaction: "like charges repel'

7.1.4. The Electromagnetic Gauge Group

The electromagnetic field described by the terfsojis a special case of a Yailjlls
gauge field, corresponding to the photon. The electromagnetic-Mdisggauge field
is specified by its gauge grodand a ¢ on st an,tcalladfts coupling
constant. The coupling constant will be calculated explicitly in 8.2. We shall
construct the gauge groug for the electromagnetic field. Consider the unitary gr
U(1) consisting of 1x1 complexinitary matrices under matrix multiplication. T
unitary groupU(1) is generated (as a Lie group) by a single 1x1 matrix, whose
entry can be assumed to be the real number 1 (for the unitary group pethmeters
any set ofn® linearly independentxn Hermitian matrices is a set of generators).
first define two copies dfJ(1), calledU(1). andU(1),, as follows:

1 U(1)e = U(1) is the gauge group for the electromagnetic faifter it separater
from the weak force in the cosmological timeline. We label the row an
column of the generator &f(1) as follows:
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-
-1 1
Figure 7.1.4.1.U(1). generator

1 Ul = U(Q1) is the gauge group for the electromagnetic fobefore it
separated from the weak force in the cosmological timeline. We label th
and the column of the generatoriéfl), as follows:

M-

'J- 1
Figure 7.1.4.2U(1),, generator
1 LetU(Q)exU(Lw ={(a b)|a~ U(1)e, b¥ U(1)s} denote the group direct prodt

and define the electromagnetic gauge group

Ge = (U@)xU@)diagora = {(a d)]avU(1)e,avU(1)} = U@Q) (7.1.4.1

Figure 7.1.4.3.The electromagnetic gauge groupg=G&J(1) and its generator

The row and column labels
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1+

in figure 7.1.4.3 specify the Schrodinger discs of the photon and the electrom
force as defined by equations 7.1.2 and figure 7.1.2. The first component of t
and column labels consists of electromagnetic charge; the second component :
how the electromagnetic gauge group will embed in the weak gauge group 7.2
observablep hot on i s .d &Heiohserdableaphotorti is regarded a
superposition of the electromagnetic chargdectromagnetic anticharge labels of
row and colmn multiplied by a complex number (just 1, in this case) viewed omr 1
plane.Sincée=7Z, a rotation by an anppghecorrdspanc
to a rotation by an angl é&Riendnn surfageu In th
case, multiplication by 1 on theplane corresponds to a trivial rotation of the
Riemann surface by O degrees around the branch point. This means that
observable photon, the rays defining the photon (and its equivahtiparticle) are
permuted trivially amongst themselves (and not any other rays) on the particle
Thus, the observable photon corresponds to (trivial) superpositionstictepframes
for the photon.

Figure 7.1.4.4.The observable photon

The electromagnetic gauge group acts (trivially) on the observable phot
conjugation, viewed on theplane:
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Again, sincet =7 ~a rotation by an angk@gane
corresponds to a rotation by atRiemang
surface and multiplication by 1 on tiglane corresponds to a trivial rotation of th
Riemann surface by 0O degrees around the branch point. This means that
electromagnetic gauge transformation, the rays defining the photon (and its eqt
antiparticle) are permuted amongst themselves (and not any other rays) on the
frame. The electromagnetic gauge transformations will always tran
superposibns of photons to other superpositions of photons.

7.2. The Weak Force Field

In Section 7.2.1we define the Yanilills Weak Field Equations. I8ection 7.2.2we
show how the Zacts as the neutral carrier of the weak forceSdntion 7.2.3wegive
an example of a typical weal® Interaction: muonic neutrinelectron scattering. |
Section 7.2.4we show how the Wacts as the positive carrier of the weak force
Section 7.2.5we give an example of a typical weaK Wteraction: transformatio of
a down quark into an up quark, responsible for radioactivit§elction 7.2.6we show
how the W acts as the negative carrier of the weak forc&dation 7.2.7 we give ar
example of a typical weak Whteraction: again, transformation of a dowmadk into
an up quark, responsible for radioactivity. Thé ®whd W are antiparticles of eac
other. InSection 7.2.8wedefine the weak gauge group

Gw = SU(2)

We explicitly define the observable gauge vector bosoffs [&*], [W] and show
how the weak gauge group acts on them by means of the weak gauge transfor
In Section 729 we show t hat =30 deWees (this & ra gunni
val ue). The Wseadparbneterghataineg & relationship betweewW,
W and 2 masses, as well as the ratio of the welknEdiated interaction, called |
mixing.

7.2.1. YangMills Weak Field Equations

Corresponding to the three vector bosofis\E*, W we have three electromagne
type fields defined by the tensdfs O, F 7, Fe § respectively. Thus, we have thi
covariant 4vectors

(F oM F MM E 3(W)) wherew = 0, +,- (7.21.1

We also have three electric and three magnetic fields corresponding
- i O ) E O g i :
antisymmetric tensors; 37, F¢ 37, Fe 3’ given by the following correspondence:
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E OU(W) E Ol(W) E OZ(W) E OS(W) 0 LEWW | _p2w | L p3W

E lo(W) E u(W) E 12(W) E 13(W) - == 0 H3W | _H2W

TR PN P T Y T 5 o wherew = 0, +,- (7.2.1.2
Fao™ | Fa™ | F® | Fag™ E3W | H2W | _HiwW 0

7.2.2. The vector boson Zas the neutral carrier of the weak force

We now show how the vector bosofl ffarticle 6.2.1 can be regarded as the ne
carrier of the weak f of=Rt b;adsbcateduith th

massiveZparticle must have b = 1 accord
Then the particle frame corresponds totdiei e mann sur f ace wi
2. For the first ray we select di sadre
blue regions0, that have the labels @( 9 WR( b) ,  BO+ 2 I MR( B()+,(

respectively, according to figures 3.4 and 3.5. For the second ray we select dis
on the upper sheet of the particle frame and their blue re@jdhat have théabels {
0 ?B( o) (b +O ) Mipo) Gb+o) respectively,
These together represent the Schrédinger discs of the vector bbpartige and the
neutral component of the weak field via the following correspondence:

Fo¥ Y (+0 94R(B) ,
FO ¥ (0 “0R(b),

F2 Y (0 9B( 0i) (b +

(7.2.2

Fa® Y (0 *R§ o) Gb -

Figure 7.2.2.TheZ® and the neutral component of the weak fi
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7.2.3. Weak 2 Interactions

A typical weak 2 interaction is shown in the following Feynman diagram for a mu
neutrino- el ect r on eneutrihoiasdi an electrom colBde (elastically) an
virtual Z° (the neutral carrier ¢he weak force) is exchanged.

Figure 7.2.3.1.Feynman diagram for a typical wea@R interaction: a muonic
neutrino- electron collision

We can visualize this weak’Z nt er acti on as shown b
neutrino and an electron approach each other; (b) two of the Schrodingerfdise
weak Z2f i el d d e s tneutiyo andhhe oltbelectrone(the corresponding v
functions are now interpreted dsstruction operatods (c) the other two Schroding
discs of the weak Zf i el d C r e aneu&rino and raenew edectron (t
corresponding wave functions are now interpretedraation operatory (d) together
the four Schrodinger discs of the weaR fleld constitute the virtual %hat is
exchanged while transmitti-neytrinb bne eletteo
havecollided (elastically).

Figure 7.2.3.2 A typical weakZ’ interaction: a muonic neutrineelectron collision

7.2.4. The vector boson Was the positive carrier of the weak force

We now show how the vector boson article 6.3.1 can be regarded as the pos
carrier of the weak f o TR .b;)aSsbomteduwith th
massive Wparticle must have b = 1 accor
1.Then the particle frame corresponds tottRei e mann sur f ace j\
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b, 2. For the first ray we select d
their red regions3, that have the labels @( §R( fi) , B3+ S)WR( b | +
respectively, according to figures 3.4 and 3.5. For the second ray we select disc
on the lower sheet of the particle frame and their red redpfisat have the lakse
+@ ROA), B+ oY #(b+2) respectivel)
3.5. These together represent the Schrédinger discs of the vector bbpantigie anc
the positive component of the weak field via the following correspond

Fo¥ Y (+@ R0 D),

Fi% ¥V (+@ ) R( b) ,
(7.2.4
F22 v +@ RO )

Fa ¥V (@ R 0)

Figure 7.2.4.TheW" and the positive component of the weak fi

7.2.5. Weak W Interactions

When a neutron interacts with a neutrino, & #n be exchanged, transforming
neutron into a proton and producing an electron. A down quark in the neutron ¢
into an up quark due to an intermediate interaction with a virtdatiahsforming the
neutron into a proton. Although quarks are not directly observed due to confin
we may still represent this interaction by the followirgynman diagram.
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Figure 7.2.5.1.Feynman diagram for a typical wes¥" interaction:
transformation of a down quark into an up quark

We can visualize this weak Wnteraction as shown below in figure 7.2.5.2: (
down quark and a neutrino approach each other; (b) two of the Schrodinger disc
weak W field destroy the old down quark and the old neutrino (the correspo
wave functions are now interpreted destruction operatojs (c) the other twe
Schrédinger discs of the weak™Wield create a new up quark and a new electron
corresponding wave functions are now interpretedreation operatory (d) together
the four Schrédinger discs of the weak Wield constitute the virtual Wthat is
exchanged while transmitting thegtive weak force; (e) an up quark andedectron
have been created.

Figure 7.2.5.2 A typical weaRN™ interaction: transformation of a down quark int
an up quark

7.2.6. The vector boson Was the negative carrier of the weak force

We nowshow how the vector boson \farticle 6.4.1 can be regarded as the neg
carrier of the weak f o <R .bjaSsbcateduwith th

massive Wparticle must have b = 1 accorc
Then the particle frame corresponds totd#ei e mann sur f ace wi
2. For the first ray we select disc

their red regions3, that have the labels(8, R( bi) (i b +(8,) ,R(b)) G b
respectively, according to figures 3.4 and 3.5. For the second ray we select disc
on the upper sheet of the particle frame and their red regjahst have théabels (
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B, ARG o) Gb+3B) . BUO)) Gb+2) respectively,
3.5. These together represent the Schrodinger discs of the vector bogartivlé anc
the negative component of the weak field via the following corresponc

Fo) ¥
FO v
F.O ¥
F©¥ ¥

-3,
-3,
-3,
-3,

R4 bi) Gb
B(4b)) G b A
ARG 0;) G b
B(40)) GD +

(7.2.6

Figure 7.2.6.TheW" and the negative component of the weak fi

7.2.7. Weak W Interactions

When a neutron interacts with a neutrino, & 3&h be exchanged, transforming
neutron into a proton and producing an electron. A down quark in the neutron c
into an up quark due to an intermediate interaction with a virtuatrdhsforming the
neutron into a proton. Although quarks are divectly observed due to confineme
we may still represent this interaction b tlollowing Feynman diagram.
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Figure 7.2.7.1 Feynman diagram for a typical wes¥ interaction: transformation
of a down quark into an up quark

We can visualize thiseak W interaction as shown below in figure 7.2.7.2: (a) a d
quark and a neutrino approach each other; (b) two of the Schrédinger discs of tt
W field destroy the old down quark and the old neutrino (the corresponding
functions are now intpreted aglestruction operatods (c) the other two Schroding
discs of the weak Wield create a new up quark and a new electron (the correspc
wave functions are now interpreted aseation operatory (d) together, the fou
Schrddinger discs of ghweak W field constitute the virtual Wthat is exchange
while transmitting the negative weak force; (e) an up quark arelextron have bee
created.

Figure 7.2.7.2 A typical weak\" interaction: transformation of a down quark int
an up quark

7.2.8. The Weak Gauge Group

The weak YangMills field 7.2.1 consists of three electromagnetic type fields def
by the tensor&: O, F: §, Fe §) corresponding to the three vector bosofisVi’, W
respectively. The weak Yardills gauge field is specified by its gauge gra@p and
a constant pchlled itsdowling enstiand. The Boupling constant wi
calculated explicitly in 8.2. We shall now construct the gauge g@ufor the weak
field. Consider the special unitary gro@§iJ(2) consisting of 2x2 complex unita
matrices of determinant 1, under matrix multiplication. The special unitary
SU(2)is generated (as a Lie group) by the three 2x2 unitary matrices of determ
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(called Pauli generators We first define two copies odU(2), called SU(2), and
SU(2), as follows:

1 SU(2 = SU(2)is the gauge group for the weak foiafer it separated fror
the strong force in the cosmological timeline. We label the row and the c
of each generator &U(2), as follows:

e R e
B o Mo - | MN[0
S o mE o) B o -

Figure 7.2.8.1.SU(2), generators

1 SU(2) = SU(2)is the gauge group for the weak fotweforeit separated fror
the strong force in the cosmological timeline. We label the row and the c
of each generator &U(2); as follows:

| S
-i 0 g\ 0 -1

siy o
af 1 o

Figure 7.2.8.2.SU(2); generators

1 Let SU)WxSU(2) = {(a, b) | a~ SU(2), , by SU(2)} denote the group dire
product and define the weak gauge group

Gy = (SU2)»<SU(2Ydiagoral = {(a, @) |a* SU(2),, a* SU(2)¢ = SU(2) (7281
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=l ] =S R 20
-0y V! -0 )
2 2 2
¥ N ¥
a7 b0 = a7 © !

Figure 7.2.8.3.The weak gauge group,G SU(2)and its generators

The row and column labels

Zy 2
2y 2

in figure 7.2.8.3 specify the Schrodinger discs of the three vector boSolé" 2W
and the weak force as defined by equations 7.2.2, 7.2.4 and 7.2.6, respectiv
first component of the row and column labels in figure 7.2.8.3 consists of weak ¢
the second component specifies how the weak gauge group will embed in the
gauge group 7.3.4. The threbservablevector bosons are defined as

[Z9] = Oy
W' = G
W] = 03

Each observable vector bosorf][ZW*] or [W] is regarded as a superposition of
weak charge weak anticharge labels of its row and column multiplied by a con
number viewed on theplane. Since = Z, a rotation by an
of thez-plane corresponds to a rotationbyaam gl e 2d ar ound t-
Riemann surface. In particular, notice that multiplication lby+i on thez-plane
correspond to rotations of theRiemann surface by +180, +360 degrees arount
branch point, respectively. This means thattfier three observable vector bosony,[
[W], [W1], the rays defining the three vector bosofis\E', W are permuted among
themselves (and not any other rays) on the particle frame. Thus, the three ob:
vector bosons [Z, [W'], [W] correspondo superpositions of particle frames for -
three vector bosons’2W*, W.
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Figure 7.2.8.4The observable vector bosady W*, W’

The weak gauge group acts on the three observable vector bo8prfgv[Z, [W] by
conjugation, viewed on theplane:

Ui_l giG; fori,j=1,2,3

Again, sincet = 7, a rotation by an angbkmane
corresponds to a rotation by atRiemang
surface and multiplication byit+1 on thez-plane correspond to rotations of tte
Riemann surface by +180, +360 degrees around the branch point, respective
means that for any weak gauge transformation, the rays defining the three
bosons 2, W', W are permuted amongst themselvegd(ant any other rays) on tl
particle frame. The weak gauge transformations will always transform superpc
01(‘) the three vector boson8,ZV*, W to other superpositions of the three vector bo:
Z°, W', W,

7.2.9. The Weinberg Angle

TheWe i n b e r gis apargrheter ththt gives a relationship between thaWvand
Z° masses, as well as the ratio of the we&kn&diated interaction, called itsixing
Indeed, from figures 7.2.2, 7.2.4, 7.2.6 and 7.2.8.4, it is apparent thadrtiponent:
of the weak 2 field mix with the components of the weak' VWV fields and the ang|
subtended by the mixing Schr°dinger

or 30 degrees. H&£=360 @egreesv & his pisrinegdodragtment whitt
the SLAC experimen{12] which estimates sfi = 0. 23 ¢ 7293137
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degrees (this is munningvalue, depending on the momentum at which it is meas
with a significane of 6 standard deviations).

Figure 7.2.9.TheZ? subtends an angié, = 30degrees with theV* and thew
components of the weak field

7.3. The Strong Force Field

In Section 7.3.1 we define the Yan§lills Strong Field Equations. I&ection 7.3.2
we show how the gluon acts as the carrier of the strong for&edimon 7.3.3we give
an example of a typical strong interaction: formation of a gqaatlquark pair, called
meson. IrSection 7.3.4we cefine the strong gauge group

Gs=SU(3)

We explicitly define the eight species of observable gauge gluons and show h
strong gauge group acts on them by means of the strong gauge transformations

7.3.1. YangMills Strong Field Equations

Corresponding to the eight gluon species described in 6.5.1, we have
electromagnetic type fields defined by the eight tenfer§, s= 1, ..., 8. Thus, w
have eight covariant-dectors

(F O(S), F 1(5), F 2(5), F 3(5)) wheres=1, ..., 8 (7.3.1.1

We also have eight electric and eight magnetic fields corresponding t
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antisymmetric tensors; $ given by the followng correspondence:

Foo® | Foi® | Fo® | Fog® 0 |-E |-E29 |.E%
Fi 0(5) F 11(5) Fi 2(5) F 13(5) . E® 0 H3® | _.H26
S P R Y et o o Wheres=1,...,8 (7.3.1.2
F 20 F 21 F 22 F 23 E H 0 H
Fal® | Fa® | Fag® | Fog® E | H® |-H™ | 0o

7.3.2. The gluon as the carrier of the strong force

We now show how the gluon 6.5.1 can be regarded as the carrier of the stron:
The uni que R ROWi)addodiatedh witly the massless gluon par
mu s t hegwakto the identity permutation according to the mass rule 4.7
select b 2an@, 20 «Thendhe padicle frAme corresponds to
t-Ri emann surface j,wifi,h d.hiBorchtoheefiof
the upr sheet of the particle frame and their blue regyribat have the labels @;(
g)] RGb) , BO+odRG)(,+(b+2) respectively,
the second ray we select discs 11, 12 on the upper sheet of the particle frahmr:
blue regions0, that have the labels-(0, R(12)) G b +@,) ,RO X)) G b
respectively, according to figures 3.4 and 3.5. By the strong charge rule 4.6, th
particle carries eight possible strong charge/anticharge pairs as superposfi
particle frames (there are eight gluon species indexesi=h¥, ..., 8). These togeth
represent the Schrodinger discs of the gluon 6.5.1 and the strong field via the fo
correspondence, far=1, ..., 8:

F&® ¥V (+@  GROBE 4o
F&9 v (+@ & i),

(7.3.2
F9 ¥ (<@ B(o9)) Gb -

Fs% Y (0, RG);) Gb+
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Figure 7.3.2.The gluon and the strong field. Each of the eight species of gluon
carries a strong charganticharge pair.

7.3.3. Strong Interactions

No free quarks are observed because of the phenomeoaréf confinemenQuarks
are bound together by the strong force forming neutrons, protons and mesons
were to try and isolate a quark at a distance greater than the proton volume, the
required would be greater than the energy required to form a-goaduak pair (a
meson) and the lower energy process is favoured in nature. The strong force ol
law of asymptotic freedomat distances comparable to the proton volume the s
force effectively vanishes, so that quarks are essentially free to movievation this
confined volume. A typical strong interaction is shown in the following Feyr
diagram for the formation of an up quarktrange antiquark pair (a meson), called
K* kaon. An up quark and a strange antiquark experience an attractige(idrich is
asymptotically free) and a virtual gluon (the carrier of the strong force) is exchi
Suppose that the incoming up quark

antiquark has a strong c harskas a pai of strdn
chargépsp dand causes the strong char g
and the strong charge of the outgoingggran ant i quar k t o ¢ h:
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Figure 7.3.3.1.Feynman diagram for a typical strong interaction: forroatiof a
quark- antiquark pair

We can visualize this strong interaction as shown below in figure 7.3.3.2: (a)
qguark (with strong charge G) and th
the confinement volume ; (b) two of the Schrodindescs of the strong field destr:
the up quark and the strange antiquark (the corresponding wave functions &
interpreted aslestruction operatops (c) the other two Schrodinger discs of the str
field create a new up ang ar@ew ktrangevantiqimark sn
strong charge ) (the corr espon dreatiog
operatorg; (d) together, the four Schrodinger discs of the strong field constitu
virtual gluon that is exchanged while transmittithg strong force; (e) the up que
(with strong charge G)}) and the stre
confinerent volume, forming a meson.

Figure 7.3.3.2 A typical strong interaction: formation of a quarlantiquark pair

7.3.4. The Strong Gauge Group

The strong YangMills field 7.3.2 consists of eight electromagnetic type fields def
by the tensorg= © for s = 1, ..., 8, corresponding to the eight gluon species.
strong YangMills gauge field is specified by its gauge groGp and a constant «
i nt er g cdllédats cougling constant. The coupling constant will be expli
calculated in 8.2. We sHahow construct the gauge gro for the strong field
Consider the special unitary gro@i(3) consisting of 3x3 complex unitary matric
of determinant 1, under matrix multiplication. The special unitary gréug3) is
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generated (as a Lie group) by thight 3x3 unitary matrices of determinant 1 (ca
Gell-Mann generators We first define two copies @U(3), calledSU(3) andSU(3),,
as follows:

1 SU(3) = SU(3)is the gauge group for the strong foadeer it separated fror
the gravitational force in the cosmological timeline. We label the row an
column of each generator 8tJ(3); as follows:

Figure 7.3.4.1.SU(3) generators

T SU(3) = SU(3)is the gauge group for the strong folmforeit separated fror
the gravitational force in the cosmological timeline. We label the row an
column of each generator 8tJ(3), as follows:

Figure 7.3.4.2.SU(3), generators
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1 Let SUBK*SUB) = {(a, b) | a¥ SU(3) , bv SU(3);} denote the group dire
product and define the strong gauge group

G =

(SUBKSUBYdagonar = {(a @) |a*SUB), a"su@)y = su@E) (7.3.4.1

0 1

0 0 0

3

[LILLIL] |

L[
L
- [um

1/4 0

EREEEEEN (EEEEEEEN
0 o e e
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I

Figure 7.3.4.3.The strong gauge groups=SU(3)generators

The row and column labels

q
5

+ | 2
I+ | 22
2y 2

l )

in figure 7.3.4.3 specify the Schrodinger discs of the gluon and the strong fc
defined by equations 7.3.2 and figure 7.3.2. The first component of the ro
column labels in figure 7.3.4.3 consists of strong charges; the second con
specifieshow the strong gauge group will embed in the gravitational gauge
7.4.6. The eightbservablegluon species are defined as

[A®] = O fors=1, ..., 8
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Each observable gluon A is regarded as a superposition of the strong cha
strong anticharge labels of its row and column multiplied by a complex number \
on thez-plane. Since = 7, a rotation by an anzglhne
corresponds to a rotatiooyb an angl e 2d ar oun@dRiemdnr
surface. In particular, note that multiplication by +1 on thez-plane correspond f
rotations of thet-Riemann surface by +180, +360 degrees around the branch
respectively. This means thar the eight observable gluonsPA fors=1, ..., 8, the
rays defining the eight gluons®A for s = 1, ..., 8, are permuted amongst themse
(and not any other rays) on the particle frame. Thus, the eight observable gln
fors=1, ...,8, correspond to superpositions of particle frames of the eight glu3n
fors=1, ..., 8.

Figure 7.3.4.4.The observable gluons

The strong gauge group acts by conjugation on the eight observable gl{{jnfojss
=1, ..., 8, viewed on theplane:

~

gtdd  fori,s=1,..,8

Again, sincet = 7, a rotation by an a n g k-@ane
corresponds to a rotation by atRiemang
surface and multiplication byi++1 on thez-plane correspond to rotations of the
Riemann surface by +180, +360 degrees around the branch point, respective
means that for any strong gauge transformation, the rays defining the eight gf?ic
fors=1, ..., 8, are permuted amongst themselves (and not any other rays)
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particle frame. The strong gauge transformations will always transform superpc
of the eight gluons &, fors= 1, ..., 8, to other superpositions of the eight gluofis
fors=1, ..., 8.

7.4. The Gravitational Force Field

In Section 7.4.1 we review General Relativity and curved spaoee. We define th
curvature tensor, the Ricci tensor and formulate Einstein's law of gravi
Comparison with Newton's law of gravitation in the special case of flat $ipae:
shows that the componertkthe metric tensor must be viewed as potentials descl
the gravitational field. IrSection 7.4.2we show how to embed the particle frame
curved spacéime without seHintersections. Then each of the Schrodinger discs ¢
particle frame carryhe curvature and Ricci tensors. Thus Section 7.4.3 we car
define the Gravitational Field Equations precisely as given by Einstein's i
gravitation. InSection 7.4.4 we show how the graviton acts as the carrier of
gravitational force. InfSedion 7.4.5 we give an example of a possible gravitatic
interaction: neutrino oscillation. I&ection 7.4.6 we define the gravitational gau

group
Gy= SU(5)

We explicitly define the twentfour species of observable gauge gravitons and :
how the gravitational gauge group acts on them by means of the gravitational
transformations.

7.4.1. General Relativity

To account for the gravitational force, Einst§fj assumed that physical spaoae
forms a curved Riemann space and thereby laid the foundation for his the
gravitation. Generalizing equation 1.3 of special relativity to general relativity
invariant distancedS between a point (with spat¢ene coordinates written as
contravariant fouwector)X ® and a neighbouring poitt® + dX*® is given by

ds® = g dX%dX® (74.1.1

where theg; s;are given as functions of the spdoee coordinates and define t
metric. The Christoffel symbols of the first kind are defined as

Og s = (0est000-0s50)/2¢ (7.4.1.2

where the subscript commas denote partial derivatives in Einstein's notatio
Christoffel symbols of the second kind are defined as

083 U = g8 %33 l (7.4.1.3

To a contravariant fowvector A © at a pointX ® we associate a contravariant fo
vectorA ® + dA*® at the infinitesimally close poiX ® + dX® by the bilinear expressic
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dA® = - {% ACdXV (7.4.1.4

The infinitesimal displacement fi el
of a tensor called the curvature tensor. This is obtained by displacing a contre
four-vector A ® according to equation 7.4.1.4 along the circumference o
infinitesimal twadimensional surface element and computing its change in one ¢
The curvature tensor is given by

Rss O« = lhjss > GEB ot ?Bcujse G L’]as @89 > (7-4-1-5

The curvature tensor safes$ the Bianci identities :

R%0: = -R% 4l (7.4.1.6

R 6: + R%a:+ R%s(= 0 (7.4.1.7
Reso = -Rseg (7.4.1.8

Res0 = Ruse = Raus (7.4.1.9
R%s0 + R%0s *+ R%as = 0 (7.4.1.10

where the subscript colons denote covariant derivatives in Einstein's notatior
consequence of the Bianci identities 7.4-1764.1.10, only 20 of the 256 compone
of the curvature tensdR . ; ;are independent. Spatiene is flat if and only if the
curvature tensdR: ; g 9.

1 For flat spacdgime, we may choose a rectilinear system of coordinates ar
g: ;are constant.

1 For curved spaecéme, we need a curvilinear system of coordinates a@dstk
are not constant.

Let us contract two of the suffixes in the curvature tefsgr gl we take two with
respect to which the curvature tensor is antisymmetric, we get zero. If we ta
other two, the value of the curvature tensor is presepealt from the sign, becau
of the Bianci identities 7.4.1.6, 7.4.1.8 and 7.4.1.9. We contract the first and t
suffixes in the curvature tensor and Rit; gz R ; gThis is called the Ricci tensor. |
definition, the Ricci tensor is symmetric.dfn 7.4.1.5, the Ricci tensor is explici
given by

— € ~e . 9 ~M~ME MO ~E
Rso = Uss,'UEBUT" sl a U3 U oe (7.4.1.11

We can now state Einstein's law of gravitation in empty space:
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R,g = O (7.4.1.12

In an approximately flat and static region of spto®e, we can show thako=1 + 2V,
whereV = -n/r is the Newtonian gravitational potential due to a particle of nmagt
the origin. Thus, Newton's law of gravitation can be obtained from Einstem'sfl
gravitation, provided the gravitational field strength is low (the sfiawe curvature i
small) and approximately static (the velocities of the particles under considerat
small compared to the velocity of light). This gives us a valuablghhsnto the
physical meaning of thg. ;

1 Theg: Aare interpreted gotentialsdescribing the gravitational field

Newtonian mechanics and Einstein's special relativity were both based on the
of an inertial reference frame. The principleegfuivalence in general relativity dc
away with the concept of an inertial reference frame, replacing it instead wi
concept of the curvature tensor (this observation is attributed to-Giewta).
According to general relativity, we must replace tdomcept of inertial mass by tl
corresponding curvature tensor.

7.4.2. Embedding the particle frame in spacéime

So far, we have drawn the particle frame (figure 4.1) embedded in flat Euclidear
dimensional spaceX( Y, Z) and associated with the drawing an independent
dimensionT. Each of the discs in the complex plane have been drawn as
embedded in flat Euclidean thrdanensional spaceX( Y, Z). Such an embedding
the Riemann surface (figure 3.4) in flaudidean threelimensional space has se¢
intersections. We shall show how to embed the particle frame in curved
dimensional spaegme without seHlintersections. Let us first review the construct
of the particle frame as discs embedded in flatliBean threadimensional spact
Consider the composition of the functioBsY C;zY t=ZandCY C;tY w=t*2
The composite is given by the assignmelit t = Z Y w = t*?= 724 Take twentyfour
identical copies of the mam(4) on the disc with a cut, labeldd= 1, ..., 24

Figure 7.4.2.1 Twentyfour copies of the map in Euclidean thhdienensional space
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Fork=1, ..., 23 attach the lower edge of the cut of Histth the upper edge of the ¢
of disck+1. To complete the cycle, attach the lower edge of the cut of disc 24 w
upper edge of the cut of disc 1. This forms thd&iemann surface embedded
Euclidean threelimensional spaceX(Y, Z).

Figure 7.4.2.2.The wRiemann surface in Euclidean spac

The pointw = 0 connects all the discs and is called the branch point. There are-t
four superposed copies of the map4) on thew-Riemann surface corresponding
the twentyfour sectors

(A1) ( 2 <dr@z&k 2 | (k=1,..,24)

on thez-plane. As we can see in figure 7.4.2.2, h&®iemann surface embedded
flat Euclidean threelimensional space has many sdatkersections. We shall no
explicitly specify an embedding of tlve Riemann surface in curved fedimensiona
spacetime: consider the raprg z = T on thew-Riemann surface, then asgoes
continuous !l y wRiemann furfateasmizedded conkineously in curv
four-dimensional spacgme (X, Y, Z, T). This enbedding has no selfitersections

Figure 7.4.2.3.The wRiemann surface is embedded in spae by the ray arg z
=T,00T O2"°
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Note that the ray shown in figure 7.4.2.3 will go once around each of tl
Schrédinger discs of the particle frame represented byviRéemann surface, ab
goes continuously from O to 2 g eflSpace:
time, sin@ the spacéime distance for any two points on theRiemann surface |
given via the embedding. If we take an infinitesimal contravariantvfeator on the
ray arg z= 0 and compute its change in one circuit givenaby z= T, asT goes
continuouslyfom O to 2°, we obtain precise
7.4.1.5. Hence, each of the 24 Schrodinger discs of the particle frame represe
the w-Riemann surface carry the curvature tenBoy ; ;and the Ricci tensoR ; g

Figure 7.4.2.4.Each Schrodinger disc carries the curvature ten:

Referring to the mass rule 4.7, the inertial mass of each p&iithhe standard mod
i's associated wit kR Aaordingnto genesal relativitymisdtl a
must alsca s s 0 csiwightthe cugvature tensd® ¢ ; @nd the Ricci tensdR ; garried
by the Schrddinger discs of the particle frame.

7.4.3. The Gravitational Field Equations

In analogy with the definition of the electromagnetic field by Maxwatsiations
7.1.1, we can now define the gravitational field as follows. The contravariant
vector X °, X % X 2 X 3 represents spadgne and K .= g ; represents th
gravitational potential. Since thgg ; are symmetric, only 10 out of the 16
independent, hence the gravitational poterfiahay be represented by a teector
(instead of a fouwector as in the case of the electromagnetic potential). Defin
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contravariant and covariant fouectors
(F FLF%4F% and (Fo Fy1,FoFo) (7.4.3.1

respectively, wher€ °=F o, F'=-F 1, F?=-F 5, F*=- F 3, by means of the tens
equations

Fe = FcFs=Rg¢; (7.4.3.2

Note that by equations 7.4.1.2, 7.4.1.3, 7.4.1.5 and 7.4.1.11, the RicciRengman
be expressed purely in terms of tpe;and its partial derivatives, hence the terspg
Is expressed purely in terms of the gravitational poteltigand its partial derivative:
The gravitational field equations are given by Einstein's law of gravitation as

Fe =0 (7.4.3.3

Note that by equations 7.4.3.2, the tenBpris expressed purely in terms of 1
gravitational potentialK; ; and its partial derivatives, just as in the case of
electromagnetic field 7.1.1. However, the field equations for gravitation 7.4.3
considerably more difficult to solve because they are not linear and also contain
derivatives of the secad order.

Corresponding to the twenfgur graviton species described in 6.6.1, we have tw«
four gravitational type fields defined by the tweffioyr tensorsF, @, g = 1, ..., 24
Thus, we have twentfour covariant 4vectors

(F 0(9)1 F 1(9)’ F 2(9)’ F 3(9)) Whereg =1,..,24 (7.4.3.4

The twentyfour symmetric tensork, & are related to the curvature and twefayr
copies of the Ricci tensor byetiollowing correspondence:

= 00(9) Fo 1(9) = 02(9) = 03(9) R 00(9) Ro 1(9) R 02(9) R 03(9)
E 1U(Q) E 11(Q) E 12(Q) E 13(Q) .. R 01(Q) R 11(Gl) R 12(Gl) R 13(Q)
Y whereg=1, ..., 24 (7.4.3.5
[= 20(Q) F, 1(Q) [= 22(Q) [= 23(Q) R 02(Q) R 12(g) R 22(g) R 23(Q)
E 30(9) E 31(9) E 32(9) E 33(9) ROS(Q) R13(g) RZS(Q) R33(9)

7.4.4. The graviton as the carrier of the gravitational force

We now show how the graviton 6.6.1 can be regarded as the carrier of the gravi
force. The un igfids ®R( O gagsociatedhviith thenmagsless grav
parti cl e ;egquabtd thehidentity pefmutation according to the mass rule
We select b = 1 and o = 1. T h ¢-Riemanh
surface with thb,s nmchol &ter 3 ocbrresgonding to th
gravitational charge rule 4.6. For the first ray we select discs 1, 12 on the uppe
of the particle frame and their regions that have the labels @( R() fi) , -
(m R@GD») Gb+2) r espec figuese3l4dwnd 3.5. €ar the sdcon ¢ay
select discs 6, 7 on the upper sheet of the particle frame and their negitias have
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the labels (1, #R) @) , -@M+DR) 9;) {b+20) respecti ve
3.4 and 3.5. By the gravitational charge rule 4.6, the graviton particle carr
possible gravitational charge/anticharge pairs as superpositions of particle
(there are 24 graviton species). These togeathgresent the Schrodinger discs of
graviton 6.6.1 and the gravitational field via the following correspondence, $ot,
ey 24:

Fd® ¥ (+(m RO )
FO Y (m ROy Gb-

(7.4.4
FO ¥ (im0 D)

Fa9 Y ((m 1R 2i) b A

Figure 7.4.4.The graviton and the gravitational field. Each of the twefotyr species of graviton also carries a gravitational chaageicharge pair.

7.4.5. Gravitational Interactions

The gravitational force is extremely weak compared to the other forces. In mos:
it would be very difficult to detect a gravitational interaction in an experiment, wk
would be masked by an electromagnetic, weak or strong interaction. Howererijs
a possibility that such an interaction has already been observed, albeit indirectly
SuperKamiokande experimenfl0], where evidence for neutrino oscillations \
found. A possible gravitational interaction is shown in the following Feyroiregram
that may expl ai n nAneeuuttrriinnoo oissc i-dedtraad, eme
vice versa, by the exchange of aneutrina
has a gravitational chargeGta n d t h e -neotdno has @ gravitdtional charg
0. The exchanged virtual gravit@has a pair of gravitational chargeés 0 and cause
t he gravitational enbu&rinogte chanfjie td @ and the
gravitational charge of the owtg n-geutrgno to change to &
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Figure 7.4.5.1 Feynman diagram for a possible gravitational interaction: neutrino oscillat

We can visualize this gravitational interaction as shown below in figure 7.4.5.2:
g-neutrino (with gravitational chargeG?)  a n dneutrihog(witk gravitational charg
- 0); (b) two of the Schrodinger discs of the gravitational field destrey theutrino
and tnauirino Uthe corresponding wave functions are now interprete
destruction operatods (c) the other two Schrédinger discs of the gravitational -
cr eat e -nautrino dwith gtavitational charge 0) and -aeutnne (wth
gravitational charge 9 ) (the corresponding wave functions are now interprete
creation operatory (d) together, the four Schrédinger discs of the gravitational
constitute the virtual graviton that is exchanged while transmitting the dgrawék
f orce; -rearno (with gravitkational charge @ ) a n d-nedtrme (witd
gravitational chargeQ) have oscillated.

Figure 7.4.5.2 A possible gravitational interaction: neutrino oscillation

7.4.6. The Gravitational Gauge Group

The gravitational field 7.4.4 consists of twesfipr gravitational type fields defined by the tenseys?
for g = 1, ..., 24, corresponding to the tweifityir graviton species. The gravitational gauge fiel
specified by its gauge grougand a const ang caled its congling rcenstenti. D
coupling constant will be calculated explicitly in 8.2. We shall now construct the gaugeG@yéupthe
gravitational field. Consider the special unitary gr&i(5) consisting of 5x5 @mplex unitary matrice
of determinant 1, under matrix multiplication. The special unitary g®Ufb) is generated (as a L
group) by the twentjour 5x5 unitary matrices of determinant 1. We first define two copie3Ugb),
calledSU(5); andSU(5)., asfollows:

1 SU(5) = SU(5)is the gauge group for the gravitational foedeer the end of the Planck epoc
upto the present, in the cosmological timeline. We label the row and the column ¢
generator o5U(5); as follows:
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Figure 7.4.6.1.SU(5), generators

SU(5) = SU(5)is the gauge group for the gravitational fodreing the Planck
epoch in the cosmological timeline. We label the row and the column o
generator o5U(5), as follows:
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Figure 7.4.6.2.SU(5), generators

1 Let SUGBKxSU(5) = {(a, b) | a~ SU(5), , by SU(5)} denote the group dire:
product and define the gravitational gauge group
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(7.4.6.1

= {(a,@]avsSU(),avSuB)y = SU®5)

(SU (SLXSU(S)e)diaqonaI

COPYRIGHT © ASHAY DHARWADKER 2008
http://www.dharwadker.org/standard_model


http://www.dharwadker.org/standard_model/

Grand Unification of the Standard Model with Quantum Gravity

+ o+
NS
+ 4
L
+ o+
-
+
© 1o
+
0 Iw
4+ o+
NS
+
[N
+ o+
-
+ o+
© 1o
+
W
+ o+
NS
+ o+
I
=
-
+
© 1o
+
0 W

e | [
" LIICCICE
LIICCICE
o | e e

e liea | |l i
L )
L )

e lies | | I i

+ o+
I

+
I

= #
-
I

i

+ o+
I

I

=
-
+ *
l

I

+ [+
| 1=
+ o+
~N
=
-
+ *
I

I

+ o+
I

+ [+
I

+
-
+
i
+
I

i ot | | e i

e e | | o o | | =
o o | | ] L=
e e | | o o | | =

<&

ARIPS
I3

PP

e lieo! | | lio] o
e lieo! | | lio] o

e lio! | | lio] o
e lieo! | | lio] o

Figure 7.4.6.3.The gravitational gauge group,& SU(5)generators

The row and column labels

I+
[=
I+
H+ | 2
I+
I+

I+
=
I+
IN 1IN
[EEN
I+
oo
I+
11w

in figure 7.4.6.3 specify the Schrodinger discs of the graviton and the gravit:
force as defined by equations 7.4.4 and figure 7.4.4. The first component of t
and column labels in figure 7.4.6.3 consists of gravitational charge; the ¢
component specifies how the electric and electromagnetic charges are embedde
gravitational gauge group during the Planck epoch. The twentyobservable
graviton species are defined as

[g"] = G fori=1, ..., 24

Each observable graviton % is regarded as a superposition of the gravitati
charge- gravitational anticharge labels of its row and column multiplied by a con
number viewed on theplane. Since = Z, a rotation by an
of thez-plane correspondet a r ot ati on by an angl d-
Riemann surface. In particular, note that multiplication by #1 on thez-plane
correspond to rotations of theRiemann surface by +180, +360 degrees arount
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branch point, respectively. Thimeans that for the twentgur observable gravitor
[g"], fori =1, ..., 24, the rays defining the twesiiour gravitons §, fori =1, ..., 24
are permuted amongst themselves (and not any other rays) on the partlcle fram
the twentyfour okservable gravitons f¢f, for i = 1, .., 24, correspond
superpositions of particle frames of the twefuyr gravitons §, fori =1, ..., 24.

Figure 7.4.6.4.The observable gravitons

The gravitational gauge group acts by conjugation ontienty-four observabl
gravitons [{], fori = 1, ..., 24, viewed on theplane:

~ -1~ o~

i~ GgjGy fori,j=1,..,24

Again, sincet = 7, a rotation by an angbkmane
corresponds to a rotation by atRiemang
surface and multiplication byit+1 on thez-plane correspond to rotations of tte
Riemann surface by +180, £360 degrees around the branch point, respective
means that for any gravitational gauge transformation, the rays defining the-t
four gravitons §, fori = 1, ..., 24, are permuted amongst themselves (and nc
other rays) on the partlcle frame The strong gauge transformations will &
transbrm superpositions of the twenrtgur gravitons @1) fori =1, ..., 24, to othe
superpositions of the twenfgur gravitons §, fori =1, ..., 24.
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8. Grand Unification

We achieve our second goal, the Grand Unification of all the forces: electroma
weak, strong and gravitational. Bection 8.1 we follow the cosmological timelir
into the past, from the present to the Big Bang (or equivalent energy scales), s
how the gauge groups are leedded in a sequence

U@L)Y SU@R)Y SUEB)Y SU()

during the unification and also showing how the Schrodinger discs are identified
particle frame during the unification. I8ection 8.2 we explicitly calculate all th
coupling constantghe electromagnetic coupling constant, the weak coupling con
the strong coupling constant and the gravitational coupling constant. Fina
Section 8.3 we explicitly calculate thenass ratiosof the particles in the stande
model.

8.1. The Gauge Groups

If we follow the cosmological timeline forward in time, we can see how the f
separated and how the particle frame evolved to its present form. Viewed backw
time, we obtain the unification of the forces, showing how the gauge grou
embeddedin a sequenceU(1)Y SU(2)Y SU@3)Y SU(5) and also how th
Schrédinger discs are idi#fied on the particle frame.

Time: 0

32
Temperature: > 10 K

Figure 8.1.Separation and Unification
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8.1.1. The Later Epochsupto the Present

1 Time T = 10"? seconds upto the present

Average temperature 1K to 3 K

1 All the four forces are distinct: the gravitational force, the strong force
weak force and the electromagnetic force

=

The electromagnetic gauge group 7.@eherator with rows and aohns labeled, i
shown below.

Figure 8.1.1.1.The electromagnetic gauge group=G&J(1) generator

The particle frame, labeled as in figures 3.5 and 4.1, with all the bosons descrik
four forces in their pesent form, is shown below.

Figure 8.1.1.2.The particle frame and the force carrier bosons in the present e

At this time the particle frame assumes its present form as shown in figut
represented by theRiemann surface given by the composition of the functiGr
Y CzY t=ZandCVY C;tY w=t" The composite is given by the assignn
zY t=2Y w=t?=7
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8.1.2.The Inflationary Epoch

1 Time T = 10*° seconds to T = 1 seconds
1 Average temperature 10K to 10° K
1 The electromagnetic force and the weak force are unified

The weak gauge group 7.2.8 generators with rows and columns labeled, are
below. The electromagnetic gauge group is embedded in the topdefi 1x1 corne
of the weak gauge group, accordingfe row and column labeling.

o O 1 o 0 -1 o 1 0
-uy -uy -uy
2 2 2
3 -3 -4
1 -1
0 ° | mm ' ° | mm °

Figure 8.1.2.1.The weak gauge group,& SU(2)generators

The particle frame, labeled as in figures 3.5 and 4.1, now has the Schrodingt
with labels1ang i denti fi ed, corresponding
force with the weak fok, as shown below.

Figure 8.1.2.2.The particle frame and the force carrier bosons in the inflationary eg
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During this epoch the particle frame may be represented by-Remann surfac
given by the composition of the functio@sY C;zY t=ZandCVY C;tY w=1t%
The composite is given by the assignme¥it t=Z2Y w=1t"=7"2

8.1.3.

f
f
f

The Grand Unification Epoch

Time T = 10" seconds to T = 18 seconds
Average temperature XK to 107 K
The weak force and the strong force are unified

The strong gauggroup 7.3.4 generators with rows and columns labeled, are ¢
below. The weak gauge group is embedded in the toghdeii 2x2 corner of tk
strong gauge group, accordingth@ row and column labeling.

] a ] ]
- 0 1 0 - 0 i 0 - 1 0 0 - 0 0 1
1 1 -1 1
i -0 -0 i
f 1 0 0 f i 0 0 f 0 1 0 f 0 0 0
2 =2 =2 2
i ] i
0 0 0 = 0 0 0 0 0 0 1 0 0
] -0 ] ]

+ + 1+ + + 1+ + + 9+ + + 1+
+1 || +2 + +1 ||+2 + +1 |+2 + RRRI | | S
-4 -u -u -u
= 0 0 i . 0 0 0 = 0 0 0 JJ./( 0 0
1 -1 -l 1
] -u -u ]
f 0 0 0 f 0 0 1 f 0 0 i f 0 1/ 0
2 =2 =2 2
-u -0 ] ]
- i o |o - o | 1 |o 0 i |o o | o |2/
-0 ]

Figure 8.1.3.1 The strong gauge groups&SU(3)generators
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The particle frame, labeled as in figures 3.5 and 4.1, now has the Schrodingt
wi t h | ab’el & f identiigd,,corrgsponding to the unification of the wi
force with the strong force, as shown below.

Figure 8.1.3.2.The particle frame and the force carrier bosons in the grand
unification epoch

During this epoch the particle frame may be represented by-Riemann surfac
given by the composition of the functiofsY C;zY t=ZandCV C;tY w=t"
The composite is given by the assignme¥it t=2Y w=t*=2.

8.1.4. The Planck Epoch

1 Time T =0 seconds to T = Tseconds
1 Average temperature more tharf4K
1 The strong force and the gravitational force are unified

The gravitational gauge group 7.4.6 generators with rows and columns label
shown below. The strong gauge group is embedded in the tdpaledt 3x3 corner ¢
the gravitational gauge group, accordinghe row and column labeling.
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Figure 8.1.4.1.The gravitational gauge group4& SU(5)generators

The particle frame, labeled as in figures 3.5 and 4.1, now has the Schrodingt
with | aBeldsf,100)j deptified, correspol
force with the gravitational force, aiown below.

Figure 8.1.4.2.The particle frame and the force carrier boson in the Planck ef.

During this epoch the particle frame may be represented byRiemann surfac
given by the composition of the functio@sY C;zY t=ZandCVY C;tY w=t
The composite is given by the assignmelit t = ZY w=t*= Z*. A boson must b
present as the carrier of the force and for the creation and destruction of particle
this is the minimum configuration required to define a boson, according to the
selection rule 4.2, we have reached a limit with the gramfication of all the foul
forces immediately after the Big Bang at tifhe 0.
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Figure 8.1.4.3.The Big Bang attime T =0

8.2. The Gauge Coupling Constants

We shall explicitly define the coupling constants by counting boson configuratic
the particle frame, shown in figure 4.1. By the boson selection rule 4.2, a bc
defined on the particle frame by selecting a pair of rays. The rays defining titergy
are fixed, since it is the unique spin 2 boson, by the spin rule 4.4. Rfmde the
number of ways to form a boson on the particle frame, respecting the equivaler
4.8, and excluding the graviton which is fixed. Then

1
B = — (24) 21 = 137 (8.2.1
2 2

since, there are 24 rays on the particle frame and we must choose 2 rays tc
boson; but we must divide the total number by 2 to respect the equivalence rt
then subtract 1 for the excluded graviton configuratidfrom experimente
observations concerning strong interactions among neutrons and protons, the «
constant for the strong force, after it separates from the gravitational force &
quarks and gluons become confined, is given by

lltrong = 1 (8.2.2:

The coupling constants for the 0 tudhge
Define the coupling constants for the other fields as
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1

L]‘ield = B / lestrong (8.2.3,

wheren is the number of carrier bosons for the field. For the electroptegfield, by
8.2.3 we have

o 1 ‘
Wiectromagnetic = E /I 1 = 729x10 (8.2.4

sincen = 1 corresponding to the only carrier of the electromagnetic force, the p
For the veak field, by 8.2.3 we have

1
137

sincen = 3 corresponding to the three carriers of the weak forenZ and W. The
only remaining field is the gravitational field that becomes dominant only at ver
energy scales, near the Planck epothe gravitational coupling constant according
8.2.3 must be differenbefore and after the strong force separates frorhe
gravitational force. We find that the coupling constant here must be regarde
running coupling (the theory of running couplings is called thenormalization
group). However, we can give explicit bounds on the running gravitational cot
constan Beforet he strong force separates gy
= 1/ 137 since the quarks and the 8 gluons that are the carriers of the strong fc
free at this energgcale. Then by 8.2.3 we have

¥ ! / ! 6.49 x 10* (8.2.6)
. . = _— = . x . .
Lbravntatlonal 13724 1378 ‘

sincen = 24 corresponding to the 24 species of gravitons that act as carriers
garvitational force After the strong force separates from the gravitational force
h a vsgng=UL according to 8.2 and then by 8.2.3 we have

Uveak /| 1 = 389x10 (8.2.5

- 1 ) ‘
Upravitational = 137 / 1 = 523x10 (8.2.7

sincen = 24 corresponding to the 24 species of gravitons that act as carriers
garvitational force. Thus, the running gravitational coupling constant is give

The gravitational couplingonstant must have been a very small number, practica
zero, immediately after the Big Bang at tifie 0.
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8.3. The Mass Ratios

We shall explicitly define the particle mass ratios by counting the number of regi
the subdivision of the upper surface of the particle frame. These numbe
symmetric across the lower surface of the particle frame, giving the antiparticle
ratios. Definenseg to be the number of regions in the subdivision of the upper st
of the particle frame during the separation of the corresponding force i
cosmological timeline. Then

Ngravitational = 8
Nstrong = 16
(8.3.1
Nweak = 40
Nelectromagnetic = 48

NUMBER OF REGIONS

Figure 8.3.1.Number of regions

We define the mass ratio constants in direct analogy with the coupling constar
mass ratio constant corresponding to the strong force, after it separates fr
gravitational force and the quarks become confined, is given by

bstrong = 1 (8.3.2

The mass ratio constants corresponding to the other fields must be given in con
t osonf Define the mass ratio constants corresponding to the other fields as
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Detds = MNfetd  /  Dstrong (8.3.3
Corresponding to the electromagnetic field, by 8.3.3 we have
Delectromagneic = 48 [/ 1 = 48 (8.3.4
Corresponding to the weak field, by 8.3.3 we have
Pweak = 40 / 1 = 40 (8.3.5

The only remaining field is the gravitational field that becomes dominant only a
high energy scales, near the Planck epohe mass ratio constant correspondint
the gravitational field according to 8.3.3 must be diffetseforeand after the stong
force separates from the gravitational foiBeforethe strong force separates from
gravitati on alsong 46, sinee the wuarkshaee \free attthis energy <
Then by 8.3.3 we have

bgra\/itationa| = 8 / 16 = 1/2 (8.3.6:

Aftert h e strong force separates f shofg M 1
according to 8.3.2 and then by 8.3.3 we have

bgravitational = 8 [/ 1 = 8 (8.3.7,

To this |ist we add the mass r at i angle
dw = 30 degrees obtained in 7.2.9, and zero, to account for massless particles. T
obtain the eight mass ratio constants

o, 1/2, a3/ 2 (8.3.8

Let us select a unit of mass such that the electron mass is 1. Then, we can con
mass ratio constants 8.3.8 with the experimentally observed mass ratios, as

up quark mass / down quark mass = 5/10 = 1/2
charm quark mass / stranggiark mass = 1600/ 180 a 8
top quark mass / bottom quark mass = 180000 / 4500 = 40
tau mass / muon mass = 1771/105.658 a 16
electron mass / unit mass = 1/1 = 1

Z° mass / top quark mass = 91188/180000 a 1r
Average Mixed®, W*mass / tau mass = (91188+80280)/2 /1771 a 48
W* mass Z’mass = 80280/91188 a a3/

1
=
~
N

Higgs mass / Sum @f, W', W masses 125874 / (91188+80280+8028C
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The exact values of the neutrino masses are not yet known, but we know that 1
not zero, and perhaps the neutrino mass ratios will also be found amongst tt
ratio constants 8.3.8. We have now calculated all the parameters that def
standad model and its associated force fields, accordingHoofts specificatior8].
Thus, the mathematical proof of the four colour theorem shows that the
unification of the standard model with quantum gravitgasplete and rules out th
possibilty of finding any other kinds of particles.
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