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Abstract

This paper suggests new physics. In a different approach, it proposes fundamental particles
formed from infinite superpositions with mass borrowed from a Higgs type scalar field.
However energy is also borrowed from zero point vector fields. Just as the Standard Model
divides the fundamental particles into two types...those with mass and those without, with
the Higgs mechanism providing the difference...infinite superpositions seem also to divide
naturally into two sets: (a) those with “infinitesimal” mass, and (b) those with significant
mass (from micro electron volts upwards). In the infinitesimal set (a), photons, gluons and
gravitons (to fit with cosmology and the expansion of the cosmos) all have~107**eV mass,
approximately the inverse of the causally connected horizon radius. These values are so close
to zero the symmetry breaking of the Standard Model remains essentially valid. These
particles travel so close to the speed of light they have virtually fixed helicity, with the Higgs
mechanism increasing their mass from infinitesimal type (a) to significant or measureable
type (b) values. Also the energy in the zero point fields (borrowed to build the fundamental
particles) is limited, particularly at the extreme wavelengths of virtual gravitons interacting at
near horizon radii. Any causally connected region grows with time after the big bang and the
number of virtual gravitons with wavelengths similar to the size of the causally connected
region increases approximately as the square of the causally connected mass. Space has to
expand exponentially with time in an accelerating manner after the big bang to make
available the zero point energy to meet this increased requirement. For similar reasons the
extra gravitons near mass concentrations change the metric in proportion tom/r, in
accordance with the Schwarzschild solution of Einstein’s equations. There is a maximum
wavelength virtual graviton probability density g, i = KeeminOKmin  Where Kg, ... IS a
constant scalar, in any coordinates, at all points in spacetime. But the local value of the
minimum wavenumber k .~ R depends on both the cosmic time T and the value of g,,
in the local metric. Approximately the first two thirds of this paper look at building and
analysing the fundamental particles formed from infinite virtual superpositions. The final
portion looks at the expanding Universe and possible connections with General Relativity;
but only after attempting to show that infinite superpositions can be equivalent to the
Standard Model fundamental particles, apart from infinitesimal differences.
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1 Introduction

Since the weak and electromagnetic forces were unified in the 1970’s physicists have wished
to somehow unite all the fundamental forces. Initially it seemed that three of the forces
(excluding gravity) could unite near Planck scale. High energy experiments however ruled
out the possibility of single energy unification. Some type of Supersymmetry is seen by many
as the solution to several current Standard Model problems; one version modifying the high
energy running constants of the three forces in such a manner they unite near the Planck
scale. The particles predicted however have yet to been seen. String theory is also seen by
many as the future path, but not all physicists are comfortable with its non-testability and
need for 10 or 11 dimensions. The enormous landscape of different universes or multiverse it
proposes is also widely regarded as the solution to the minute amount of dark energy
proposed to explain the current accelerating expansion of the universe. Some recent
cosmological surveys [1] however have not so far supported dark energy as the cause of this
acceleration. This all suggests some important and relevant questions, for example:

1. Is it possible that the fundamental forces may connect in some different way?

2. Are the extra dimensions of String Theory really necessary?

3. Is “The Multiverse” the only explanation of accelerating cosmic expansion?

4. Can the problems these theories solve be addressed differently?
Approaching all this in a completely new direction, this paper explores possible solutions to
these puzzles in a different way, but still using basic principles of quantum mechanics and
relativity. Apart from infinitesimal differences it seems to be consistent with the Standard
Model. It requires the universe to expand exponentially after the big bang in an accelerating
manner. It changes the metric around mass concentrations in accordance with General
Relativity. It requires photons, gluons and gravitons to have mass of ~10"*eV, close to some
recent proposals [2] [3] giving gravitons a mass of <10 *eV to explain the accelerating
expansion of the universe. It argues General Relativity cuts off at Black Hole event horizons,
one of the possible implications of the current Firewall paradox. [15] [16] [17] [18[19].

1.1 Summary
Papers modifying the Standard Model are too numerous to list, however we briefly touch on a
small number of some early versions of these in section 1.1.2. The approach in this paper is
very different from that in most of these earlier papers. The main differences are summarized
below.

1.1.1 General Relativity as our starting point
General Relativity tells us that all forms of mass, energy and pressure are sources of the
gravitational field. Thus to create gravitational fields all spin % leptons & quarks, spin 1
gluons, photons, W*& Z°particles etc. emit virtual gravitons, except possibly gravitons
themselves (section 6.2.6), as gravitational energy is not part of the Einstein tensor.



The starting point of this paper assumes there is a common thread uniting these fundamental
particles making this possible. Equations are developed that unite the amplitudes of the
colour and electromagnetic coupling constants with that of gravity. The precision required by
quantum mechanics for half integral and integral angular momentum allows gravity to be
included, despite the vast disparity in magnitude between gravity and the other two. This
combination of colour, electromagnetic and gravitational amplitudes in the same equation is
possible because of a radically different approach taken in this paper: An approach using
infinite superpositions of positive and negative integral2 angular momentum virtual
wavefunctions for spin %, spin 1 and spin 2 particles. The final result is almost identical to
the Standard Model, with infinitesimal but important differences.

The total angular momentum can be summed over all wavenumbersk; from k=0 to some
cutoff valuek_, . . We will assume (as with many unification theories) that the cutoff for
these infinite superpositions is somewhere near Planck scale. Firstly imagine a universe
where the gravitational constantG — 0. As G — 0, the Planck length L, — 0, the Planck
energy E, — o and k., — «also. If we sum the angular momentum of these infinite
superpositions when G — 0 (i.e. from k=0 tok,,, — o) we get precisely half integral or
integral 2 for the fundamental spin %2, spin 1 & spin 2 particles in appropriatem states. If we
now putG >0 the infinitesimal effect of including gravity can be balanced by an equal but
opposite effect due to the non-infinite cutoff value ink. A near Planck scale superposition
cutoff requires gravity to be included to get precisely half integral or integral 7 . (Section 4.2)

These infinite superpositions have another very relevant property relating to the fact that all
experiments indicate that fundamental particles such as electrons behave as point particles.
Each wavefunction with wavenumberk, which we label asy, , has a maximum radial
probability at r ~1/k and they all look the same (Figure 1.1. 1.)
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Figure 1.1. 1 The radial probability of the dominant n=6 for spin % wavefunctiony, .
Every wavefunction y, of these infinite superpositions, interacts only with virtual photons

(for example) of the same k;if superpositions representing say an electron are probed with
such photons (that interact only with wavefunction y, ) the resolution possible is of the same



order as the dimensions ofy,, both have r~1/k. The higher the energy of the probing
particle the smaller the w, it interacts with, the resolution of an observing photon can never
be fine enough to see any w, dimensions. Even if this energy approaches the Planck value,
with a matching w, radius near the Planck length it is still not possible to resolve it. This
behaviour is consistent with the quantum mechanical properties of point particles.

1.1.2 Primary interactions and Secondary interactions
Supposing that superpositions can in fact build the fundamental spin %, spin 1, and spin 2
particles, then what builds the superpositions? Before answering that question, this paper can
only make sense if we divide the world of all interactions into two categories.

Secondary Interactions are those we are familiar with and are covered by the Standard
Model, but with the addition of gravity, which is not included in the Standard Model. They
take place between the fundamental spin Y%, spin 1 and spin 2 particles formed from infinite
superpositions. They are the QED/QCD etc, interactions of all real world experiments.

Primary Interactions we conjecture on the other hand are those that build infinite
superpositions and are hidden to the real world of experiments.

The majority of this paper is about these primary interactions, and the superpositions they
build representing the fundamental spin %, spin 1 and spin 2 particles. Primary interactions
are between spin zero particles borrowed from a Higgs type scalar field and the zero point
vector fields. In the 1970’s models were proposed with preons as common building blocks of
leptons and quarks [4] [5] [6] [7]. In contrast with the virtual particles in this paper some of
these earlier models used real spin % building blocks. Real substructure has difficulties with
large masses if compressed into the small volumes required to approach point particle
behaviour. On the other hand with virtual substructure borrowing energy from zero point
fields the mass contribution at high k values can be cancelled (section 3.2.1). As in earlier
models this paper also calls the common building blocks preons, but here the preons are both
virtual and spin zero. They also now build all spin % leptons and quarks, spin 1 gluons,
photons, W & Z particles, plus spin 2 gravitons in contrast to only the leptons and quarks in
the earlier models. (See Table 2.2. 1)

As these preons have zero spin they possess no weak charge, primary interactions (section
2.2.1) can take place only with the zero point colour, electromagnetic and gravitational fields.
The three primary coupling constants for each of these three zero point fields are different
from, (but related to) the secondary coupling constants. The behaviour of primary coupling is
also entirely different from secondary coupling. Secondary coupling strengths vary (or run)
with wavenumber k (the electromagnetic increasing with k and colour decreasing withk ).
In contrast, we conjecture primary coupling strengths (or constants) do not run. In this paper



virtual preons are continually born with mass out of a Higgs type scalar field, existing only
for time At =~ 2/ E. At their birth, they interact while still bare with zero point vector fields at
this instant of birth t=0. The primary coupling constants consequently are fixed for allk :
there is no time for charge canceling or reinforcing, which in secondary interactions forms
around the bare charge progressively after its birth. The equations work only if this is true,
and they also work only if the primary colour coupling constant is 1. This does not seem
implausible as it simply means that primary colour coupling is certain (sections 2.2.2). The
ratio between the primary and secondary colour coupling constants labelled x. is thus (if
primary colour coupling is 1) the inverse of the secondary (or usual ;' of QCD) colour
coupling constant at the superposition cutoff @ Planck Energy. (Sections 3.3 & 4.2.2)

To enable the primary coupling to colour, electromagnetic and gravitational zero point fields,
preons need colour, electric charge and mass. Red green or blue coloured preons have
positive electric charge; anticolour red, green or blue preons have negative electric charge.
Their mass which is borrowed from some type of scalar Higg’s field must always be non-
zero, which is discussed further in section 1.1.3. As there are 8 gluon fields, superpositions
are built with 8 virtual preons for each virtual wavefunctiony, . The nett sum of these 8
electric charges is 0,+2,+4,46, and never>+6. This leads to the usual 0,+1/3,+2/3,+1
electric charge seen in the real world. Various combinations of these 8 preons in appropriate
superpositions can build leptons and quarks, colour changing and neutral gluons, neutral
photons, neutral massive Z° photons and the charged massivew* photons. (Table 2.2. 1)

1.1.3  Photons, gluons and gravitons with infinitesimal mass (=10**eV ).

For many decades after the discovery of the neutrino in the 1930s it was thought to be
massless, and to travel at velocityc. Despite being in conflict with the Standard Model,
towards the end of last century evidence slowly accumulated that this may not in fact be true,
and that the family of 3 neutrinos have masses in the electron volt range. Due to this very low
mass, and their normal emitted energies, they invariably travel at virtually the velocity of
lightc. Photons also have always been seen as massless traveling precisely at velocity c,
except in the case of the massive W* & z°. Massless virtual photons have an infinite range,
which has always been seen as an absolute requirement of the electromagnetic field. On the
other hand, this paper requires some rest frame (even if this frame normally moves virtually
at ¢) in which to build all the fundamental particles. Table 6.2 1 suggests photons, gluons and
gravitons have ~10 eV mass with a range of approximately the inverse of the causally
connected horizon radius, and velocities sufficiently close to that of light their helicity
remains essentially fixed. This allows some form of Higgs mechanism to increase this
infinitesimal mass to the various values in the massive set. These infinitesimal masses are in
line with some recent proposals [2] [3] where gravitons have a mass of <10 eV to explain
accelerating expansion.



The virtual wavefunction we use is w, =C_ r’exp(-n’k’r®/18)Y(8,9¢) an |1=3
wavefunction. This virtual | =3property is normally hidden. In the same way as scattering
experiments on spin 0 pions show spin O properties, and not the properties of the two
canceling spin % component particles, this | =3 property of the virtual components of
superpositions is not visible in the real world. Scattering experiments can exhibit only the
spin properties of the resulting particle. The individual angular momentum vectors
IL| = 2+/3% of the infinite superposition all sum to a resulting:|L .| = (v3/2)%, \21 or /67
for spin %2, spin 1 or spin 2 respectively, in a similar way to two spin % particles forming
spin O or spin 1 states.

The wavefunction y_, =C_ r®exp(-n’k’r? /18)Y (9,9) has EigenvaluesP, * = n?*a’k?with
|P.| = nfik , suggesting it borrowsn parallel |zk|quanta from zero point vector fields provided
n is integral. We can see this by letting k — oo allowing energy E — nZi@ by absorbing n
quanta 2 from the zero point vector fields (section 2.3.2). As spin 3 needs at least 3 spin 1
particles to create it, the lowest integral number n can be is 3. The virtual |1 =3 property can
however be used to derive the magnetic moment of a charged spin %2, m=+1/2 state as a
function ofn. Section 3.5 shows g =2 Dirac electrons need an average (over integraln
states) of i ~ 6.0135. Three member superpositions y, = > c v, With n=5,6,&7 achieve
this, creating Dirac spin %2 states. We also find that n=6 s the dominant member and each
superpositiony, needs at least 3 members to make all the equations consistent for Dirac
particles. Secondary interactions at any wavenumber k can occur with y, if integers n
change by+1, thus changing the Eigenvalues |P|= nak by +hk where this can be only a
temporary rearrangement of the triplets of values ofn . This is true, whether the interaction is
with leptons, quarks, photons, gluons, W & Z particles, or gravitons. (Section 3.3)

1.1.4 Superpositions require only squared vector potentials

The wavefunction w, =C_r’exp(-n’k’r?/18)Y (0,9) also requires a squared vector
potential to create it: Q*A* =n*A’k*r?/81. There are no linear potential terms in contrast
with secondary interactions. The primary interaction operator is P? = —#°v? + Q*A?, with no
linear potential terms included and Q simply represents a collective symbol for all the
effective charges concerned. As an example, the dominant n=6 wavefunction of a spin %
Dirac w, requires a squared vector potential of Q*A* =n*A’k*r? /81 =16A%k*r® (section
2.3.1). Primary coupling between the 8 virtual preons and the colour, electromagnetic and
gravitational zero point fields produces a vector potential squared value for all infinite
superpositions which can be expressed as:

[8+8a/ cup +iMy \[G 7 (25hc) ] (h°k*r?) {(SN)(1+g)dk}

QA 3z(sN)(1+ &)




(Where the length of the complex vector is simply squared here.) The significance of the
cancelling top and bottom factors (sN) is explained in section 2.1.2. Also the cancelling
(1+ &) factors are due to gravity and explained in section 4.2. The primary_colour coupling
amplitude is conjectured to be 1 to each of the eight preons, and\/oEthe primary
electromagnetic coupling. This equation applies regardless of the individual preon colour or
electric charge signs, whether positive or negative (section 2.2.3). The primary gravitational
coupling is to the particle mass m,. The primary gravitational constant is G, divided by7c
to put it in the same form as the other two coupling constants. The magnitude of the total
angular momentum vector of the infinite superposition is|L,.,,|=+/s(s +1). ) This Q*A
without the gravity term generates superpositions with probability (N -s)dk /k where s is the
superposition spin, N =1 for massive spin %2 fermion & massive boson superpositions but
N =2 for infinitesimal mass boson superpositions (Table 4.3. 1, section 6 and its subsections
cover this more fully). Section 4.2 includes gravity raising the superposition probability to
@+ &)(N -s)dk / k where the infinitesimal e (not to be confused with infinitesimal mass) is
& ~2mZ /Spin (in Planck units 2=c=G =1) ~ 7x10*for electrons, and &£ ~10*fora z°.
The w, superpositions require at least three integral n members. The following three
member superpositions fit the Standard Model best (see Table 4.3. 1)

Spin %2 massive N =1 fermion superpositions W= D, CWy -
n=5,6,7

Spin 1 massive N =1 boson superpositions W= D, CWy -
n=4,5,6

Spins 1 & 2 infinitesimal mass N =2 boson superpositions v, = > cw,, -

n=3,4,5

Below are infinite superpositions _  for only spins % & 1. The symbol « refers to the
infinite sum, s the spin of the resulting real particle, m its angular momentum state, and ss
a spherically symmetric state. Section 3.1.3 explains this format. Also square cutoffs in
wavenumber k are used here for simplicity. Infinitesimal mass superpositions are introduced
in section 6.2. (Complex number factors are not included here for clarity.)

K(cutoff) (11.1)
Massive N =1Spin £,p,,,. = > ¢, j |:(l//nk’55)+ﬂnk(l/lnk,4m):|1,1;-_kgdk

n=5.6,7 0 Yk
k (cutoff )
2(1+¢
Infinitesimal mass N =2 Spin 1,y | = Z C, I {(an) +ﬁnk(9’/nk:2m)} : k )dk
n=3,4,5 0 nk

In these infinite superpositions the probability that the wavefunction is spherically symmetric
is y.7 =1- B2 and the probability that it is anm state is S where S, is the magnitude of the
velocity of the centre of momentum of the primary interactions that generate eachy . This



is similar to the superposition of time and spatially polarized virtual photons in QED. For
example spin %2 has probabilities of y,/ =1- g5 spherically symmetric v, wavefunctions,
and B> x (w,,m==+2) wavefunctions. Each w, is normalized to 1 but the infinite
superpositions y_ are not normalized, diverging logarithmically withk; the same
logarithmic divergence that applies to virtual photon emission. (Real wavefunctions have to
be normalized to one as they refer to finding a real particle somewhere but this need not
apply here.) Each member of these spin % superpositions has probability dk(1+ &)/ 2k, and if
electrically charged emits virtual photons with probability 4« / z. Ignoring the factor of
(1+&) ~1+~10", the overall virtual scalar photon emission probability is the usual
(2a/ 7)dk /k. (Possible implications of the infinitessimal z are discussed in section 6.6 )
Section 3.1 finds that m = +2 virtual wavefunctions have A2 probability of leaving an m=-2
debt in the zero point fields. Integrating over all k produces a total angular momentum for a
spin Y2 state of (7/2)(1—yongy ) (1+&) =112, (section 3.2.2). If 1/kg, is near the Planck
length, (1-y2%,)=(1+s) . A similar integration over all k for the rest energy of the
infinite superposition also leads to+m.c®(1—y ) (1+&)=+m,c?, (section 3.2.1). The
infinitesimal quantitye vanishes in a zero gravity, zero Planck length universe where
Koot & Veuor —> - 1IN this paper each preon borrows virtual rest mass from a Higgs type
scalar field. The superposition mass/energy is obtained by summing squared momenta over
allk . The equations are based on probabilities of these in a similar manner to those for
angular momentum. This suggests the superposition or equivalent particle mass is both
energy borrowed from zero point vector, and mass borrowed from Higgs type scalar fields.

The final sections of this paper (5 & 6) argue that the limited zero point energies (required to
generate virtual gravitons) available at causally connected cosmos wavelengths require it to
expand exponentially in an accelerating manner (Figure 5.3. 4). Section 5.3 finds that the
warping of spacetime around mass concentrations is consistent with local observers
measuring a maximum wavelength virtual graviton probability density g, min = KeimindK

Gk min min

where K, ... is a constant scalar in all coordinates. The local measurement of k . ~R...
however depends on both the cosmic time T and the local metric clockratesm. (Figure
5.3. 8.) This can only happen if at any radius r around a mass m, space expands
proportionally to m/r in accordance with the Schwarzschild solution (Figure 5.2. 2). We argue
that this implies General Relativity (in an infinitesimally modified form effective only at
cosmic scale) and the warping of spacetime is a consequence of Quantum Mechanics. The
first two thirds of this paper is about the primary interactions between spin zero preons and
spin one quanta that build the fundamental particles. The Standard Model is about the
secondary interactions between them. (The weak force is only between spin % particles and
thus a secondary interaction. It can not be involved in primary interactions.) Apart from
infinitesimal effects, such as infinitesimal masses, the properties of fundamental particles

covered in this paper seem consistent with their Standard Model counterparts. All
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N =1& N =2 superpositions as in Table 4.3. 1 are conjectured to cutoff at the Planck energy
E.. If this is so both colour and electromagnetic interaction energies must cutoff at E, /(n)
~2.03x10"°GeV., or ~ 1/6 of the Planck energy. (The expectation value(n) is ~ 6.0135 for
spin % leptons and quarks Eq. (3.5. 16)). The electromagnetic and colour coupling constants
at this cutoff are consistent with Standard Model predictions assuming three families of
fermions and one Higgs field. (See Figure 4.1. 1 & Figure 4.1. 2). Only after attempting to
show that infinite superpositions can be equivalent to the Standard Model fundamental
particles do we try to connect them with General Relativity.

2 Building Infinite Virtual Superpositions

2.1 The possibility of Infinite Superpositions

2.1.1 Early ideas

After World War Il there was still much confusion about QED. In 1947 at the Long Island
Conference the results of the Lamb shift experiment were announced [8]. Some of the first
early explanations that gave approximately correct answers used simple semi classical
thinking to get a better understanding of what seemed to be going on. These early ideas
helped to eventually lead to the QED of today, perhaps in a similar manner to the way Bohr’s
original simple semi classical explanation of quantized atomic energy levels played such a
large part in the eventual development of full three dimensional wavefunction solutions of
atoms, and quantum mechanics. We start this paper with an example of a semi classical Lamb
shift explanation that seems to lead into the possibility of fundamental particles and infinite
virtual superpositions being one and the same.

The density of transverse modes of waves at frequency o is w’dw/ z°c® and the zero point
energy for each of these modes isZw /2. The electrostatic and magnetic energy densities in
electromagnetic waves are equal, thus for electromagnetic zero point fields:

EZ C2BZ h Zd h 4
af atB _tolole| g g j gt do
2 2 2 | r°c 2r°C

For a fundamental chargee using « = e’ / 4ze,hc, and provided g <<1, this gives an

Average force squared of F?=¢e’E’ = 2a az) do
T C w
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Thinking semi classically, for an electron of rest massm this can generate simple harmonic

motion of amplituder, where F?=m?w*r? (if 8 <<1). Solving for r? (where r? is

superimposed on the normal quantum mechanical electron orbit, 2. =7/ mc is the Compton

W 2ado [ 2a dk |
wavelength, andk = w/c): r'=—s—"— = [R||——
J ) m’c’ 7 o [ C] T K J
k max
Integrating r? (directions are random) : r?_ ., = %% 2a O:(—k =12 Z—alog(kmax I Koin) -
T

The minimum and maximum values for k are chosen to fit atomic orbits, and a root mean
square value for r can be found. Combining this with the small probability that the electron
will be found in the nucleus, this small root mean square deviation shifts the average potential
by approximately the Lamb shift. This can also be thought of as simple harmonic motion of
amplitude ~Z_, occurring with probability (2« / z)dk /k . It can also be interpreted as the
electron recoiling by ~ ., (provided Bg...., <<1) in random directions due to virtual photon
emission with a probability of (2« / 7)dk /k .

2.1.2 Dividing probabilities into the product of two component parts

This probability (2« / 7)dk / k can be thought of as the product of two terms A& B, where A
includes the electromagnetic coupling constanta , B includesdk /k, and AB = (2« / 7)dk / k.
This suggests that this same behaviour is possible if we have an appropriate superposition of
virtual wavefunctions occurring with probability B, which emits virtual photons with
probability A (by changing Eigenvalues|pnk|=nhk byn=+1). For example, if a virtual
superposition occurs with probability B = (N -s)dk/k, and has a virtual photon emission
probability for each member of these superpositions of A= (N -s) *(2a / z) , then the overall
virtual photon emission probability remains as above at AB = (2a/ z)dk /k . This applies
equally whether it is virtual gluon/photon/W&Z/graviton etc. emission. Provided A includes
the appropriate coupling constant this same logic applies regardless of the type of boson
emitted. As is usual to get integral or half integral total angular momentum 2shas to be
integral and section 6.2 argues that N must also be integral. (This paragraph is simplified to
illustrate the principle and will later be modified in section 3.3.)

In section 1.1.4 we said that these wavefunctions are built with squared vector potentials. If
superpositions of them are to represent real particles they must be able to exist anywhere.
This is possible only if they are generated by uniform fields. The only fields uniform in
space-time are the zero point fields, and looking at the electromagnetic field first we can use
section 2.1.1 above. Consider a vector r from some central origin O and a magnetic field
vector B through origin O, then the vector potential at point r is A=(Bxr)/2and the
vector potential squared is A? :(Bzr2 sin? @)/ 4where the angle between vectors B&ris 0.

12



Assin? @ averages 2/3 over a sphere: A2 = B2r2/6 (21.2)

Here B? is the magnetic field squared at any point due to the cubic intensity of zero point
EM also as in section 2.1.1. Putting Eq’s.  (2.1. 1) & (2.1. 2) together the vector potential
squared is

e’B’r’ « hza)4r2d_a):ih2k4r2%

e’A? = -
6 37 ¢ o 3r K (21.3)

As in section 2.1.2 we can divide this into two parts, noting the inclusion of spin s and integer
N in the numerator and denominator:

o2 > | @ k2k4rﬂrsN dk T (2.1. 4)
L?wSN JL k J
But here a vector potential squared term [—3“ hzk“rz} occurs with probabilitY{SNk'dk]
s

Another way of looking at this is that a wavefunction y, that is generated by a vector

potential squared term { hzk“rz} can occur with {%} probability.

37sN

This is similar reasoning to that used in the semi classical Lamb shift explanation of section
2.1.1. In the first bracketed term of Eq. (2.1. 4), « is the electromagnetic coupling constant,
but the same logic applies for the eight gluon and gravitational zero point vector fields where
we will sum appropriate amplitudes of these and square this total as our effective coupling
constant in Eq. (2.1. 4). But first we need to look at groups of spin zero preons that could
build these wavefunctions. What mixtures of colours and electrical charges end up with the
appropriate final colour and electrical charge for each of the fundamental particles or at least
the ones we know of?

2.2 Spin Zero Virtual Preons from a Higgs type Scalar Field

2.2.1 Groups of eight preons that form superpositions

In this paper preons have zero spin and can have no weak charge. The only fields they can
interact with (via Primary Interactions that build superpositions as in section 1.1.2) are
colour, electromagnetic and gravity. In the simplest world there would be just one type of
preon that comes in three colours, always positively charged say, with their three anti colours
all negatively charged. We will assume that this is true unless it does not work. Looking at
Table 2.2. 1 we see that a minimum of 6 preons is required to get the correct charge ratios of
3:2:1 between electrons, and up and down quarks.

13



Table 2.2. 1 Groups of 8 virtual preons forming the fundamental particles. The Higgs boson

is discussed in section 6.5. If it is a superposition it would be in the neutral group at top.

Fundamental Preon colour Preon electric Group Group electric
Particles charge. colour charge.
Any colour + 1
Spin % its Anticolour -1
Neutrino family. | Red 1
Spin 1 Antired -1
Photons, Z, & Green 1 Colourless | 0
Neutral gluons, | Antigreen -1
Spin 2 Gravitons. | Blue 1
Antiblue -1
Any colour + 1
its Anticolour -1
Spin % Antired -1
Electron family. | Antired -1
Antigreen -1 Colourless | -6
SpinlW-. Antigreen -1
Antiblue -1
Antiblue -1
Red 1
Antired -1
Spin % Green 1
Blue up quark Antigreen -1
family. Green 1 Blue +4
Blue 1
Blue 1
Red 1
Green 1
. Antigreen -1
Spln % Red 1
Red down Antired 1 Red -2
quark family. Green 1
Antigreen -1
Antiblue -1
Antigreen -1
Red 1
Antigreen -1
Spin 1 Red 1
Red to green Antired -1 Redplus |0
Gluons. Green 1 antigreen
Antigreen -1
Blue 1
Antiblue -1
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To get vector potential squared values that make all our equations work however, we need to
couple to all 8 gluon fields requiring a total of 8 preons. Table 2.2. 1 has all the basic
properties required to build infinite superpositions for the fundamental particles. We need to
remember when looking at this table that from section 1.1.2 the effective secondary charge is
much less than the primary charge and we have no idea yet of just what effective value the
primary preon electric charge is.

Particles only are addressed in the groups of preons in Table 2.2. 1. To get anti particles it
would seem that we can just change the signs of each preon in the groups of 8, excepting
those that are already their own antiparticle. The first point to notice however is that both the
electron and the W™ are predominantly anti preons, yet they are both defined as particles.
Have we got something wrong? When we look at relativistic masses in section 3.2.1 we get
the usual plus and minus solutions and Feynman showed us how to interpret the negative
solutions as antiparticles. If this also applies in anti preons then because they are zero spin,
and the weak force discriminates between particles and antiparticles by their helicity, this
discrimination can apply only in secondary interactions. The preon anti preon content of the
groups in Table 2.2. 1 does not necessarily tell us whether they produce particles or
antiparticles. We will discuss this further in section 3.2.1, also as of now there is still no good
understanding of the predominance of matter over antimatter in our universe. In Table 2.2. 1
only one example of colour is given for quarks and gluons. Different colours can be obtained
by simply changing appropriate preon colours. Various combinations of 8 preons in this table
are borrowed from a scalar field for time AT =71/ AE, this process continually repeating in
time. Conservation of charge normally allows only opposite sign pairs of electric charges to
appear out of the vacuum. Let us imagine that these virtual preons are building an electron for
example whose electric charge exists continually unless it meets a positron and is annihilated.
This charged electron is thus due to a continuous appearance out of and back into the vacuum
of virtual charged preons in a steady state process existing for the life of the superposition,
and not conflicting with conservation of charge. If the electron itself does not conflict then
neither do the borrowed preons that build it.

2.2.2 Primary coupling constants behave differently and actually are constant

Q.E.D. tells us that the bare (electric) charge of an electron for example increases
logarithmically inversely with radius from its centre. Polarizations of the vacuum (of virtual
charged pairs) progressively shield the bare charge from a radius of approximately one
Compton radius £ inwards towards the centre. When an electron (for example) is created in
some interaction the full bare charge is exposed for an infinitesimal time. Instantaneously
after its creation, shielding due to polarization of the vacuum builds progressively outward
from the centre of its creation at the velocity of light.
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For radii > A_we measure the usual fundamental chargee. There are similar but more
complicated processes that occur to the colour charge. Camouflage is the dominant one where
the colour charge grows with radius as the emitted gluons themselves have color charge. At
the instant of their birth the preons are bare and at this timet = 0 say, all the zero point vector
fields can act on these bare colour and electric charges as there is simply no time for
shielding and other effects to build. The primary coupling constants that we use must
consequently be the same for all values of k in complete contrast to those for secondary
interactions. We don’t know what this primary electromagnetic coupling constant is so we
will just call ite,,,, . Also we will find that to get any sense out of our equations the primary
colour coupling has to be very close to 1. A coupling of 1 is a natural number and simply
reflects certainty of coupling. Provided the secondary colour coupling can be in line with the
Standard Model and there does not seem to be any other good reason to pick a number less
than 1, we will make the (apparently arbitrary) assumption that the bare primary colour
coupling is exactly 1. (In section 4.1.1 we will find that this seems to be consistent with the
Standard Model.)

2.2.3 Primary interactions also behave differently

Let us define a frame in which the central origin of the wavefunctions w, of our infinite
superposition is at rest: The laboratory or rest frame we will refer to as the LF. The preons
that build each w, are born from a Higg’s type scalar field with zero momentum in this
frame. This has very relevant consequences as their wavelength is infinite in this rest frame at
timet =0, and after they become wavefunctiony, their wavelength is of the orderl/k for
timesO<t<#2/2E. This implies that there could possibly be significant differences in the
way amplitudes are handled between primary and secondary interactions.

Let us consider secondary interactions first with an electron and positron for example located
approximately distancer apart. For photon wavelengths << r both the electron and the
positron each emit virtual photons with probabilities proportional to « , but for wavelengths
>> r their amplitudes cancel. Returning to primary interactions, zero momentum preons must
always have an infinite wavelength which is greater than the wavelengths (or1/k values) of
the zero point quanta they interact with, for all k = 0. This implies that we cannot simply add
or subtract amplitudes algebraically as the charged preons can be always further apart than
the wavelength of the interacting quanta (except whenk =0, but we will see there is always a
minimum Kk value, ie k>0 in sections 5 & 6). In fact if algebraic addition of amplitudes
did apply in primary interactions, infinite superpositions for colourless and electrically
neutral neutrinos would be impossible. So how can infinitely far apart preons of differing
charge generate wavefunctions of all dimensions down to Planck scale? This can happen only
if the amplitudes of all 8 preons are somehow linked over infinite space, all at the same time
t =0 contributing to generating the wavefunctiony, . This non-local behaviour is not new.
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Recent experiments have confirmed that what Einstein struggled to come to terms with is in
fact true; he called it “spooky action at a distance”. While these experiments are so far
limited in the distance over which they demonstrate entanglement, there is now wide
acceptance that it can reach across the Universe. In the same manner wavefunctions covering
all space can instantly collapse. We want to suggest that this same non-locality applies in
primary interactions: our 8 virtual preons all unite instantaneously at time t=0 across
infinite space in generating eachy, . Also the vector potential squared equations that they
generate must always be the same for all the preon combinations in Table 2.2. 1. This can
happen only if the amplitudes of all 8 are added regardless of charge sign for primary
interactions. This applies to both colour and electric charge.

The opposite is true for the secondary interactions. At timet =0 all 8 preons instantaneously
collapse into some sort of virtual composite particle that for times 0<t<7/2E obeys
wavefunctiony, . The dimensions of y, are of the same order as the wavelength of the
interacting quanta, and the usual algebraic total electric charge and nett colour charge must
now apply as in the group charges in Table 2.2. 1. All of this may seem contrary to current
thinking which has gradually been built up over several centuries of secondary interaction
experiments; however it may not be so out of place when viewed in the context of the counter
intuitive results of entanglement experiments. The key point to bear in mind is that the
predictions of this paper must agree or at least be able to fit the Standard Model, or
secondary interaction experiments; as we may never be able to look into virtual primary
interactions, but only observe their effects.

Amplitudes to interact are complex numbers which we can draw as a vector. This applies to
both colour and electric coupling, where these two vectors can be at the same complex angle
or at different angles. The simplest case is if they are in line and we will assume this is true
for both colour and electromagnetic primary interactions which are both spin 1. This seems to
work and when we later include gravity, a spin 2 interaction, we find that the spin 2 vector
only works if it is at right angles to the two in line spin 1 vectors. Let us start in a zero
gravity world by simply adding the 8 preon colour vectors of amplitude 1 and the eight
primary electromagnetic vectors of amplitudem together, as all this only works if they
are all in line.

The total colour plus electromagnetic primary amplitude is 8 +8,/a.» (2.2.1)
This equation is always true regardless of signs as in section 2.2.3

2
The colour plus electromagnetic primary coupling constant is (8+8 ey ) (2.2. 2)

Inserting this into Eq. (2.1. 4) we get
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2.2.3
h2k4r2-| [ sN -dk | ( :

| 3zsN i

] ]
Again we interpret this just as we did in section 2.1.2 and Eq. (2.1. 4) as a vector potential
squared term

{ 8+8.aryp

2 2.2.4
L 88w |, L, o o sN-dk @29
Q%A ZS—Nh k"r” occurring with probability =

s

Where Q is a symbol representing the entire 8 colour and 8 electric amplitudes combined,
with s the spin and N =1 for massive superpositions, but N =2 for infinitesimal mass
superpositions. (Table 4.3. 1, section 6 and its subsections cover this more fully.)

2.3 Virtual Wavefunctions that form Infinite Superpositions

2.3.1 Infinite families of similar virtual wavefunctions

Consider the family of wave functions where ignoring time:

Y =U (k)Y (0p)

U (nrk) =C_r'exp(-n’k’r?/18) (2:3.1)

U (nrk) is the radial part of . ,Y (6¢) the angular part, C,, a normalizing constant, and we
will find that | is the usual angular momentum quantum number. There is an infinite family
ofy ., , one for each value k where 0 <k <oo in a zero gravity world.

Now put R(nrk) =rU (nrk) =C_r'* exp(-n’k’r® /18) (2.3.2)

As we are dealing with zero spin preons we use Klein-Gordon equations [9]. The Klein-
Gordon equation is based on the relativistic equation p* =E?/c®-mZc?® and in a squared
vector potential the Time Independent Klein Gordon Equation is

A 'E
P’y = -1’V + Q* A’y :Lc_z_moc Jl// (2.3.3)
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Vip 10°R_1(1+])

Using =R > we get the Time Independent
W r r
h® o? h? 2 23.4
Radial Klein Gordon Equation no I? N +? +Q*A? —FE—Z—mij ( )
R or r Lc J

For each y, the energy iSE, a function ofn&k, and we will label the rest mass asm,,, a
function of spins, n &k, but also a function of the particle rest massm, and this becomes

h? 8°R 1(1+D)R* ., , [ E? |
— = +QPA | = _mZ ¢’
R arz r2 Q L 2 Osnk J (2.3. 5)

c

21,2,2

Differentiating R(nrk) = rU (nrk) = C,, r'"*exp(

) twice with respect tor , multiplying

by 2% and dividing by R

h? 9*R 1(1+1)h? .\ n‘h’k*r? (21 +3)n°hr’k?
R or? r? 81 9

(2.3.6)

Comparing Eq’s. (2.3. 5) & (2.3. 6) we see that | is the usual angular momentum quantum
number and the vector potential squared required to generate these wavefunctions is

2 :w:rﬂ—|4hzk4r2

2
A
Q o (2.3.7)
) E2 2h2 2
The momentum squared is p7, =—%-mg  c’ = W (2.3.8)
. 3.
For | =3 wavefunctions this becomes pZ =n’n’k* & |p,,|=nrk (2.3.9)

2.3.2 Eigenvalues of these virtual wavefunctions and parallel momentum vectors

From Eq.’s (2.3. 8) & (2.3. 9) ask — oo, the energy squared EZ. — pZ,c* = n*#?»?* and thus

If =3 whenk — o energy E,, > nho (considering only the positive solution). (2.3.10)
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This suggests that n must be integral. If it is integral when k — oo we will conjecture that it
must be integral for all values of k. (This is a virtual process where the energy exchanged
does not need to obey EZ =m?, c* +p2c*and E; <p’c® or E2 <n’A’w’whenk << o0.) We
can also perhaps think of Eq.(2.3. 9) as integraln parallel momentum vector|p| =hk quanta,
transferring total momentum|pnk| =nkk and energy E, <nZ® from the zero point fields to
generate the virtual wavefunction y_,. Thus provided Q*A* = (n/3)*#°k‘r* as in Eq. (2.3. 7)
the  operator  P?=(-h°v?+Q?A?) applied to the wvirtual  wavefunction
v, =C., rlexp(-n’k’r? /18)Y (9p)  produces P’y =1V +Q°A%y, =n*h*ky,
where n is integral but k is continuous as for free particles. Thus we conjecture that:

v, =C, r’exp(-n°k’r® /18)Y (Ap) are Eigenfunctions with (2.3.11)

Eigenvalues p? =n’#°k? with continuous k but integral n .

Also there are no scalar potentials involved, only squared vector potentials, so this is a
magnetic or vector type interaction. Particles in classical magnetic fields have a constant
magnitude of linear momentum which is consistent with the squared momentum Eigenvalues
of Eg. (2.3. 11).This also implies that each y , is formed from quanta of wave number k only
and that secondary interactions withy , emit or absorb|hk| virtual quanta if n changes by +1.
The wavefunction y, is virtual and in this sense both the energy E,, and rest mass m,, in
Eq. (2.3. 8) are also virtual quantities borrowed from zero point vector fields and a scalar
Higgs type field. We use these virtual quantities to calculate the amplitude that y, isinan m
state of angular momentum in section 3.1, and in section 3.2 to calculate the total angular
momentum and rest mass. As in section 2.3.2 above, we can think of|p,, | =k as n parallel
momentum vectors|p| =7k . As spin 3 (or | =3) needs at least 3 spin 1 quanta to build it n
must be at least 3. When n=3 we can think of this as 3 of the 8 preons each absorbing
quanta|/zk| at time t=0. We will find that a spin %2 state has a dominantn=6 Eigenfunction
where 6 of the 8 preons each absorb quanta|hk|. It needs at least two smaller side
Eigenfunctions n=5 & n=7 with either 5 or 7 of the 8 preons each absorbing quantal/ik|
respectively at t = 0. (Figure 3.1. 4 illustrates the three n modes of a positron superposition.)

4
From Eq. (2.3.7) Q°A*= [%} h*k*r® =16h%k*r? for this dominant n=6 mode.

| 8+8\aey ]Z
37zsN

Thus using Eq. (2.2.4) Q*A* = h’k*r? =16A%k*r?for an n=6 mode.

2848\ |

Now s=1/2& N =1 for spin ¥ fermions and 3
T

=16 if we have onlyan n=6

mode.
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Thus 8+8\m=«/ﬁ anda,,,, ~137.1, but this is true for an n=6 Eigenfunction only,
and we have a superposition where the amplitudes of the smaller side Eigenfunctions n=5 &
n=7 determine the ratio between the primary to secondary (colour and electromagnetic)
coupling amplitudes or the value of ;' @k, (Section 3.3). The Q*>A*required to produce
this superposition with amplitudes c, is, using Eq. (2.3. 7)

n4h2k4r2 (23 12)
n=5,6,7 81

Repeating the same procedure as above for three member superpositions using Eq. (2.3. 12)
we find the strength of «,,, required increases considerably (see section 4.1 & Table 4.1. 1.)
As the secondary electromagnetic coupling «g,, @K, must be constant for all spin ¥
leptons and quarks the amplitudes of the smaller side Eigenfunctions n=5 & n=7 that
determine this must also be constant for all the fermions, implying that Eq. (2.3. 12) must be
the same for all fermions. The same arguments apply to the other groups of fundamental
particles but we return to this in sections 3.3 where we see that the same also applies with
graviton emission.

3 Properties of Infinite Superpositions

3.1 What is the Amplitude that v, is in an m state?

3.1.1 Four vector transformations

The rules of quantum mechanics tell us that if we carry out any measurement on a real
spherically symmetricl =3 wavefunction it will immediately fall into one of the seven
possible states | =3, m=0,+1,+2,+3[10]. But y , is a virtual 1 =3 wave function so we
cannot measure its angular momentum. During its brief existence it must always remain in
some virtual superposition of the above seven possible states and we can describe only the
amplitudes of these. So is there any way to calculate these amplitudes as they must relate to
the amplitudes of the angular momentum states of the spin 1 quanta it absorbs from the zero
point vector fields? First consider the 4 vector wavefunction of a spin 1 particle and start with
a time polarized state which has equal probability of polarization directions. It is thus
spherically symmetric, which we will label asss . Using 4 vector (t, X, y, z) notation:

In frame A, a time polarized or ss spin 1 state is (1,0,0,0).

Let frame B move along the z axis at velocity g =v/c in the z direction.
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In frame B the polarization state transforms to (y,0,0, 73).
But this is » *time polarized ('ss states) minus y3° x z polarized (m =0 states).

In frame B there are y* xss states —y*B°xm =0 states.

Now »°—y°B?=y?(1- %) =1 is an invariant probability in all frames and in removing
7’ p? x(m=0) states from y°?ss states, the new ratio of spherical symmetry is
(v =y°p*) 1 y* =1- p*. Thus a spherically symmetric state is transformed from probability
1 in frame A, to 1- 8 in frame B. Also removing m=0 states from spherically symmetric
states leaves a surplus of m=+1states, as spherically symmetric states are equal
superpositions of m=-1, m =0, & m=+1states.

Thus in Frame B the probabilities are (1— 8%) x ss states + B2 xm = +1 states. (3.1.1)

. . . .. 1
We can describe this as a virtual superposition of (—x ss,+/ xm = +1) states. 3.1.2)
¥ 1.

As pB° —1 we have transverse polarized states, the same as real photons. Now transverse
polarized spin 1 states can be either left (m=-1),or right (m=+1) circular polarization, or
equal superpositions of (1/\E)L+(1/\/?)R as in x&y polarization. If we think of
individual spin zero preons absorbing these spin 1 quanta at t =0 they must also have this
same 37 probability of transversely polarized spin 1 states. If they then merge into some
composite | =3 particle (as in Figure 3.1. 4) for time 0<t <#/2E, the probability of it being
in some particular state (1=3,m=0), (I =3, m=+1), (I =3,m=+2)0or (I =3,m=+3), must be
the same B2 . If we look at Eq.’s (1.1. 1) we can see what is behind them. We initially write
the amplitudes in these three equations in terms of g, & 7, as this is the most convenient
way to express them. Velocity operators are momentum operators over relativistic masses.
Our Eigenvalues are pik =n’h’k*for each n&k, and this allows the velocity operators to
give constantﬁnzk. Later in Eg’s. (3.1. 11) & (3.1. 12) we write S, & y, In momentum
terms. Even though the mass in these operators is virtual, we can still use it to calculate|ﬂnk|.
For each k and integral n there will be a constant |ﬂnk| and 7, = (- 55)". As we will
see, f, can be thought of as the magnitude of the velocity of an imaginary centre of
momentum frame in which these interactions take place. We will also draw our Feynman
diagrams of these interactions in terms of g, &y, for convenience, even though this is
unconventional. To proceed from here we define two frames as follows:

1) The Laboratory Frame (LF) or Fixed Frame as in section 2.2.3
The infinite superposition has rest massm, and zero nett momentum in this frame. Each y, is
centered here with magnitude of momentum|p | = n/k . Even though we have no idea of the
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direction of this momentum vector we will define it as the z direction. The eight preons are
born in this frame with zero momentum, and can thus be considered here as being at rest or
with zero velocity and infinite wavelength at their birth. The Feynman diagram of the
interaction in this frame that buildsy , is illustrated in Figure 3.1. 3.

2) The Center of Momentum Frame (CMF)

This (imaginary) frame is the center of momentum of the interaction that buildsy ., . The
CMF moves at velocity g, relative to the laboratory frame in the z direction or parallel to
the unknown momentum vector directionp . In this CMF the momenta and velocities of the
preons at birth and after the interaction are equal and opposite. This is illustrated in Figure
3.1. 2 again in terms of my, S,,,&y,, . In the LF the velocity of the preons at birth is zero, in
the CMF this is —g_, and after the interaction+/4,, , where both—£_, and +/, are in the
unknown z direction. In the LF the particle velocity 3, (particle) = g, is the simple
relativistic addition of the two equal velocities g, as in Figure 3.1. 1.

3 . (Particl, 7 2P
N Particle)=f ,, =—
//Ik( ‘ ) /llt‘/ l-.} /}.;“
J'Ir "-Il o Jllr.':lll..,j. E
Laboratory Frame Centre of Momentum Frame Virtual Particle

Figure3.1. 1

3.1.2 Feynman diagrams of primary interactions

Let us start with

. 20, _ (3.1.3)
B (Particle) = B, = ——%- and y,, = (1- B5,) """ = ri 0+ B3)
1+ ﬂnk
If the particle rest mass ism, let each preon have a virtual rest mass m, / (8y,,, J2s).
The eight preons are effectively a virtual particle of rest mass m L (3.1.4)

osnk — ynk\/g

The particle momentum in the LF is zero at birth. After the interaction using these equations

23



m, || 28, |r. )
|pnk| =Nk = Myg Bup Vo€ = L/nkjg} L1+ﬂEkJ [7/nk (1+ﬂnk):lc
. . L 2mMy B 7 wC
The particle momentum after the interaction in the LF |pnk | =nhk = —2— L
J2s
Using Eq. (3.1. 4), in the LF the particle energy at birth is
I m,c’

0snk :7nk\/z

In the LF the particle energy after the interaction is using Eq’s. (3.1. 3)

m m,,
moSmJ/pnkC2 = —?\/g?/r?k (1+:ank)cz = \/?2—; (:I-'|'ﬂnzk)c2
ynk

In the CMF the momentum at birth is using Eq. (3.1. 4)

mO nk

~Mogrie? ok Bk = \/g

In the CMF the momentum after the interaction is equal but in the opposite direction

— +m0 nk

J2s

In the CMF the energy at birth, and after the interaction is

2
m,C

2
m, . 7.C =——
Osnk /' nk
\J2s

These values are all summarized in Figure 3.1. 2 and Figure 3.1. 3 but with c=1.

h
From Eq. (3.1. 5) |pnk|:nhk=2m°#\/¥“kc and fy. = "ky2s _ Zenky2s
S

2m,c 2

(3.1. 5)

(3.1. 6)

(3.1.7)

(3.1. 8)

(3.1.9)

(3.1. 10)

(where % . is the Compton wavelength). We can now express S, & 7,, in momentum terms:

nik~[2s B Kcnkx/g

Let Knkzﬁnk}/nkz 2mC 2
0

2

K
Interms of K1 B =—2%— and y} =1+K}

nk

(3.1. 11)

(3.1.12)

Each infinite superposition has fixed A .. Each wavefunction w,, of this infinite superposition

has fixedn&s, thusK , < k.
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(3.1. 13)

dK,  dk
For example we can put =

These simple expressions and what follows are not possible if m,, = m, /ynk«/g, and when
we include gravity we findm,_, =m, / (7., \2s) is essential (section 4.2).

After merging: ( 0,0,

J_ J._s

#=(0,0,0,2 \ 8 preons at birth: ( L 0, () 7 .)
\/_ P \l'._.S /

Figure 3.1. 2 Feynman diagram in an imaginary centre of momentum frame.

After merging: (- =y (1+ /3,),0,0,42 IL, B

\.‘.v.\ \;.’..

8 preons at birth: ( ""'-'_-.0. 0,0)
l.'/l.'k v'z_\'

Figure 3.1. 3 Feynman diagram in the laboratory frame.

The interaction in the Feynman diagrams above is with spin 1 quanta. The Feynman
transition amplitude of this interaction tells us that the polarization states of these exchanged
quanta is determined by the sum of the components of the initial, plus final 4 momentum
(p; + p;)*. Ignoring all other common factors this tells us that the space polarized
component is the sum of the momentum terms (p; + P, ) and the time polarized component is
the sum of the energy terms (p, + p,)°. We have defined our momentum as in an unknown Z
direction:
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(P +py)’ (3.1.14)

The ratio of z polarization to time polarization amplitudes is ( o
Pi+ P,

In the CMF (p, + p;)* =0, thus an interaction in the CMF exchanges only time polarized, or
spherically symmetric | =1 states. Inthe LF the ratio of Z (or m=0) polarization, to time
polarization in the LF is 82,

(pi " pf)o = 2m07/nkﬁnk = nk (31 15)
(p|+pf) 2m07/nk

where

From section 3.1.1 these are probabilities of 7 S — 7. fa X (m=0) states, or (1— 35)
ss + fBa x (1=1,m=x+1) states.

. . . 1
In the LF this is a virtual superposition of (—xss,+£,, xm = +1) states. 31 16
ynk ( o )

From section 3.1.1 as these quanta from the scalar and vector zero point fields build eachy,

this implies that:

. . i 1 (3.1.17)
Inthe LF y, has virtual superposition amplitudes (—xss,+/£,, xm states)

ynk

From section 3.1.1 appropriate | =1, m=+1 superpositions can build any | =3, m state.
Figure 3.1. 4 is an example of such a v, for n=5,6,&7 (I =3,m=+2) states.

3.1.3 Different ways to express superpositions

We have expressed all superpositions here in terms of spherically symmetric andm states for

convenience and simplicity. We could have expressed them in the form:
1

7T

This is equivalent to (ignoring complex number amplitude factors for clarity)

[(m=-3),(m=-2),(m=-1),(m=0),(m=+1),m=+2),(m=+3) |+ B, (m = +2)

1
W = —XxSS,+[,, x(m=+2) where we have put m = +2 for example.
7/nk

Because all these wavefunctions are virtual they cannot be measured in the normal way that
collapses them into any of these Eigenstates, it is more convenient to use the method adopted
here which is similar to QED virtual photons superpositions.
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_— Atbirth =0
p=0 —DO Any colour &
() — anticolour
P O 0<t < h/2F after
p=0 _,‘ effectively merging.
p = 7k —b. m=+1 .( >
p =k —.. m=+1 P, =5hk
p=#k .. m=+1 1=3, m=+2
p =k _.. m=-1
p = hk _.. (m=-1)/2 &(m=+1)/2
p p=0 '( ) Any colour &
"=
p=0 _’O anticolour
p=hk —b‘ m=+1
p = hk ——‘ m=+1 .< )
p:hk _‘ ”7—"‘1 P(u'u' =6hk
p = hik —o. m=+1 =3, m=+2
p=tk —f) m=-1
p = ik |. m= -1
— p=0 —) Any colour &

p=rk _’O m=+1 anticolour

p=hk —»‘ m=+]

p = hk 4’. m=+] ( )
p=hk 45' m=+l P, =7hk

l]:hk 4" m=-1 [=3,m=+2

p=hk —b‘ m=-1

p = hk 4»' (m=—1)."’\/5&(m=+1)x’\/5

Figure 3.1. 4 Eight preons torming m=+2 states as part of a positron superposition.

There is no significance in which preons absorb quanta in the above.
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3.2 Mass and Total Angular Momentum of Infinite Superpositions

3.2.1 Total mass of massive infinite superpositions

We will consider first the total mass of an infinite superposition, and to help illustrate,
consider only one integral n Eigenfunction v, at a time; temporarily assuming that the
amplitudec, of eachy,, has magnitude|c,|=1. Each timey, is born it borrows virtual mass
from a scalar Higgs field and virtual energy from vector zero point fields. Each timey , is
born the virtual mass that it borrows is exactly cancelled by an equal debt in the Higgs scalar
field so this should sum to zero for all k. But what about the momenta borrowed from the
zero point fields, do these momenta also leave momentum debts in the vacuum? From section
2.3.2 ask >, E2 —>p’c?=n?"’»* or E, >nhw and n quanta of energy/e and
momentum|hk| are absorbed. We know that in some unknown directionp,, = n%k,which
implies these n absorbed quanta must leave a cancelling debt in the opposite direction of
P, (debt) = —nZkin the vacuum. But this is true only ask »>o & 5 —1 and the virtual
quanta energy transferred E, — %@ . So what happens when 2 <<1? Our wavefunctions
v, are generated from a vector potential squared term A? derived in section 2.1.2 which in
turn came from a B? type term as in section 2.1.1. As discussed in section 2.3.2 the
Eigenvalues p’, = n*A’k? confirm the constant momentum squared feature of magnetic type
interactions. Also in section 2.1.1 the scalar virtual photon emission probability is directly
related to the force squared term F? = ¢?E?. Magnetic type coupling probabilities are related
to a magnetic type force squared term F? = g°¢’B?/c® = p*¢*E?, where from section 3.1.2
and Eq’s. (3.1. 14) & (3.1. 15) the ratio of this scalar to magnetic coupling is 42 Thus when
k <ooand the exchanged energy E, # 2@, B2n quanta |hk|are absorbed from the vacuum
and:

We can expect a momentum debt of p,, (debt) = -4’ nik 32.1)

We could sum > p? & >’ p;, (debt) but both vectors p, and p,, (debt) are antiparallel in

the same unknown direction. We can pair them together giving a nett momentum per pair of:

hk 3.2.2
P, (nett) =p, +p, (debt) = (1- B2 )nik = r;/z = ';gk at wavenumber k. ( )
nk nk

We have said above that the mass of each virtual particle is cancelled by an equal and

opposite debt in the Higgs scalar field so we can now use the relativistic energy expression

k=00

EZ =) p,. (nett)’c’ times the probability of each pair at each wavenumber k.
k=0

We will initially look at only N =1 massive infinite superpositions in Eg. (2.2. 4).
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Thus using probability sN -dk /k =s-dk /k , also Eq’s. (3.1. 11), (3.1. 12),(3.1. 13),&(3.2. 2).

k=00 © 2221, 2 © 2
k A°k* s-dk K dK
En2 =c’ .[ pnk(ne'[t)2 5:d :Cz.[n 2 L :4m§ 4.[ nkz 2 =

o k 4 k o L+ KL 2K,

0 nk

-1 ”
2 — 2.4 — 2.4 -4 2
E. =mjc [1+K2 } myc” or E, =+myc (3.2.3)

This energy is due to summing momenta squared and it must be real, with a masstm, for
infinite superpositions of Eigenfunctionsy . These superpositions can form all the non
infinitesimal mass fundamental particles. The equations do not work if the mass m, is zero.
(We will look at infinitesimal masses in section 6.2.) Negative mass solutions in Eq. (3.2. 3)
must be handled in the usual Feynman manner, and treated as antiparticles with positive
energy going backwards in time. If they are spin % this also determines how they interact
with the weak force.

3.2.2 Angular momentum of massive infinite superpositions

We will use the same procedure for the total angular momentum of N =1 type infinite
superpositions with non infinitesimal mass in Eq. (2.2. 4).

Wavefunctions w,, =C_r’exp(-n°k’r?/18)Y (9,p) have angular momentum squared
Eigenvalues L* =12#%and the various m states have angular momentum Eigenvalues
L, =mA . We will treat both angular momentum and angular momentum debts as real just as
we did for linear momentum. Even though m state wavefunctions are part of superpositions
they still have probabilities just as the linear momenta squared above and it seemed to work.
Using exactly the same arguments as in section 3.2.1 , if v, is in a state of angular
momentum L, =m?Z  then it must leave an angular momentum debt in the vacuum of
L, (debt) =—pimA (or as in section 3.2.1) L, (nett) =L, —L, (debt).

3.2.4
L, (nett) = (= A2 )mh = (1— AL, = .. is in state mh) 829
7nk
But from Eq. (3.1. 17) the probability that L, isinanm state is also ﬂnzk so that
. . ) . Yike (3.2.5)
Including this extra g., probability term: L, (nett) = mh—fz‘k at wavenumber k.
}/nk
k=00
Foran N =1 type infinite superposition L, (Total) = I sz(nett)%. = jﬁgk gt
k=0
2 [ -1 T
Using Eq’s. (3.1, 11) to (3.1. 13) L (Total)—smhj Ky Ky _ S
L (1+ Knk) K. 2 |1+KZ |,
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sm#i s
LZ(TotaI)zm'hzT or m’=Em

(3.2.6)
Where m’ is the angular momentum state of the infinite superposition andm the state ofy,, .
Thus for spin % particles with s= % in Eq.(3.2. 6)m'=m/4 but m’can be only + %,
implying the m state of ¥, that generates spin %2 must be m=+2. An N =1 massive spin 1
particle has s=1 with m'=m/2. (N =2 is covered in section 6.2.) This is summarized in
the following three member infinite superpositions ignoring complex number factors.

k=oo 3.2.7
Massive (N =1) Spin %, w,.,...= 2. C, I {i(l//nk,ss)+ﬂnk(l/jnk,42)}\/§dk ( )

n=5,6,7 k=0 nk

k=o 3.2.8
Massive (N =1) Spinl, vy, = Z c, J' {i(l//nms)+ﬂnk(y/nk’2m)}\/%dk ( )

n=4,5,6 K= nk

The spin vectors of each v, With|L| =237, and their spin vector debts in the zero point
vector fields, have to be aligned such that the sum in each case is the correct value:
IL|=+/37/2 ,|L|=+/2hor |L|=+/6n for spins %, 1 & 2 respectively. Gravity (the & term) is
included in Eq. (1.1. 1) in our summary also spin 1 in Eq. (3.2. 8) is for N =1.

Spherically symmetric massive N =1 spin 1 states are superpositions of the three states

1 1 1 ]
—(m'=-1),——=(m'=0),—=(m' =+1), and using Eqg. (3.2. 8) can be formed as follows
NG 3 3
1 1 el fl ]
— = — c —_— + —dk
ﬁ l//oo,l,m =-1 ﬁ ) n k_[o I 7/nk (l//nk,ss) ﬁnk (l//nk,mz):| k
1 1 A | {1
Massive spinl | +— = — C —_— + —dk (3.2.9)
p \E l//ao,l,m =0 \E . n k_L) Ve (l//nk,ss) ﬁnk (l//nk,mo)j| k
1 1 I ] fl
+— L =— c —_— + —dk
I \El//oc,l,m =+1 \ﬁ s n k'[() Ve (l//nk,ss) ﬂnk (l//nk,m:<2)J k |

3.2.3 Mass and angular momentum of multiple integer n superpositions
In sections 3.2.1 & 3.2.2 for simplicity we looked at single integer n superpositions ¥, . For

superpositions y, = chy/nk , We replace ank With(Kk>2. Equation (2.3. 9) appears to suggest
|pk|2 =>"¢c, *c,n’n’k’ :<n2>h2k2 and <|pk|>: hk‘/<n2> . In section (3.5.1) we discuss why

<|I0k|> #* hk«f<n2> but (jp, |) =7k >"c,*c,-n=hk(n). Thus using Eq. (3.1. 11)

% kN2 ) R2Ks ) (3.2.10)
(k)= 25028 1) g (k) 5 )

21,2
_Fek s<n>2 but (K, ) =
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Replacing K, with(Kk>2 :chkzs<n)2/2 in the key equations (3.2. 3) & (3.2. 6) does not
change the final results. The laws of quantum mechanics tell us the total angular momentum
is precisely integral 2 or half integral 72/2. Looking at the above integrals used to derive
total angular momentum we see that N must be 1 (we discuss N=2 in section 6.2) alsos must
be exactly %2 or 1 for spin %2 & spin 1 massive particles respectively, in Eq. (2.2. 4) our
probability formula. Also these integrals are infinite sums of positive and negative integral #
that are virtual and cannot be observed. If an infinite superposition for an electron is in a spin
up state and flips to spin down in a magnetic field, a real m=+1 photon is emitted carrying
away the change in angular momentum. This is the only real effect observed from this
infinity of (I =3,m=+2) virtual wavefunctions all flipping to (I =3, m=-2) states, plus an
infinite flipping of the virtual zero point vector debts. Also Eq’s. (3.2. 3) & (3.2. 6) are true
only if our high energy cutoff is at infinity and the low frequency cutoff is at zero. We look at
high frequency Planck scale cutoffs in section 4.2 and in section 6.1 low frequency cutoffs
near the radius of the causally connected horizon.

3.3 Ratios between Primary and Secondary Coupling

3.3.1 Initial simplifying assumptions

Section 3.3 is long and can be skipped if preferred. The key equations especially Eq’s.(3.3.
19), (3.3. 21) & (3.3. 22) and the paragraph following can be referred back to later. It is based
on a special case thought experiment to try and illustrate as simply as possible how
superpositions interact with one another, in the same way as virtual photons interact with
electrons for example. It is also important to remember here that because primary coupling
constants are to bare charges (section 2.2.2), and thus fixed for all k, while secondary
coupling constants run with k, that the coupling ratios can be defined only at the cutoff value
of k applying to the bare charge (sections 4.1.1 & 4.2.2). From Table 2.2. 1 there are 6
fundamental primary charges for electrons and positrons. But electrons and positrons are
defined as fundamental charges. In other words what we define as a fundamental electric
charge is in reality 6 primary charges. Of course we can never in reality measure 6 as their
effect is reduced by the ratio between primary and secondary coupling. Because
electromagnetic and colour coupling are both via spin one bosons their coupling ratios are
fundamentally the same but because of the above they are related simply as 6° =36:1.

1 36 (3.3.1)

ZCoIour ZEM

We define the colour and electromagnetic ratios as follows (leaving gravity till section 6.2.6)
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1 _ & colour (secondary) LT 1 _ Qe (secondary) _ Ceps (33 2)

= and =
Xcolour  Ccolour(Primary)y  Fap Xem Cem (primaryy  ZEmpP

The secondary coupling constants ag,s & a, are the bare charge values, both at the
fermion interaction cutoff near the Planck length Eq. (4.2. 11). Also we assumed in section
2.2.2 that a,, =1, thus from Eq.(3.3. 2)

Ho = Qg =y @Ky ~2.029x10°GeV (3.3.3)

In other words provided &, =1, the ratio y. (OF Zco0) 1S also the inverse of the colour
coupling constanta, at the high energy interaction cutoff near the Planck length. In this
respect 7. or Xc.o.r 1S the fundamental ratio we will use mainly from here on.

From the above paragraphs to find the coupling ratios we need secondary interactions that are
between bare charges. But this implies extremely close spacing where the effects of spin
dominate. If the spacing is sufficiently large the effects of spin can be ignored but then we are
not looking at bare charges. However we can ignore the effects of shielding due to virtual
charged pairs by imagining as a simple thought experiment, an interaction between bare
charges even at such large spacing. We can also simplify things further by considering only
scalar or coulomb type interactions at this large spacing. We are also going to temporarily
ignore Eq. (3.3. 2) and imagine that we have only one primary electric and or one colour
charge. Consider two superpositions and (due to the above simplifying assumptions) imagine
them as spin zero charges. QED considers the interaction between them as a single covariant
combination of two separate and opposite direction non-covariant interactions (a) plus (b) as
in the Feynman diagram of Figure 3.3. 1 below. The Feynman transition amplitude is
invariant in all frames [9]. So let us consider a special simple case in a CM frame where we
have identical particles on a head on collision path with spatial momenta:

P =P, =-P, =+p, (3.3.4)

From Eq. (3.3. 4) the initial and final spatial momenta are reversed with mirror images of
each other at each vertex. Also in this simple special scalar case the transferred four
momentum squared is simply the transferred three momentum squared.

q2 = (pa — par)z _ (pb _ pbr)z _ 4pi _ 4p§. (3.3.5)
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(a) (b)

DI /

The Feynman diagram is drawn with
a vertical photon line representing
the superposition of two opposite
direction and non  covariant
processes (a) plus (b).

The exchanged 4 momentum is:

» " q=P,— P, =Py— Dy

ie(p,+p.)
—ig,un q:
~ie(p, + p.)*

Figure 3.3. 1 Feynman diagram of virtual photon exchange between two spin zero particles
of charge e.

(o Yyu(n=T) Spin % Fermion

superpositions
‘ | '</ W e (n= 6-]
14 I' ‘ |

‘ v Massive spin 1
| '.5 | Wi (n=5) Boson superpositions

[\ A W, (n=4)
0 [ X E— Infinitesimal mass
Ar v S e Wi (n=3) spins 1 & 2
1:‘ R*R [ [ \ Boson superpositions
i B T =

Figure 3.3. 2 All Eigenfunctions v, in the groups of three overlap at a fixed wavenumber k

If we look at Figure 3.3. 2 we see that at any fixed value of k, all modes v, in the groups of
three overlapping superpositions for the various spins %2, 1 & 2 occupy very similar regions
of space (provided they are all on the same centre.) The directions of their linear momenta are
unknown but let us imagine some particular vector zk that is parallel to the above vectors
p, =P, . As we are considering only scalar interactions, all these modes must be spherically
symmetric (as in section 3.2.2 for spins 1 & 2, and for spin % provided k or in turn 3, is small
enough the probability that it is not spherically symmetric can be extremely low) and at a
fixed value of k they have momenta +n/k . Also as they overlap each other we can imagine
units of +#k quanta somehow transferring between these superpositions so that the values of
n in each mode can change temporarily by +1 for times AT ~ 72/ AE . The directions of these
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momentum transfers causing either repulsion or attraction depending on the charge signs of
the superpositions at each vertex, whether the same or opposite.

3.3.2 Restrictions on possible Eigenvalue changes

Before we look at changing these Eigenvalues byn=+1 we need to consider what
restrictions there are on these changes.

.. . 4p2) 42
From Eq. (2.3. 12) superpositiony, requires Q*A* => ¢ *c, nrxr 8§ " and Eq. (2.2. 4) tells
o0 |
+ a ‘
us the available Q?A* = 3—I\EIMP}‘12k4r2 occurs with probability = Sdek :
s

For very brief periods the required value of Q®A® can fluctuate, such as during these changes
of momentum, but if its average value changes over the entire process then Eq. (2.2. 4) tells
us that probability sN -dk / k changes also, and we have shown in section 3.2.1 that this is not
allowed. For example in a spin %2 superposition Vs, ¥, ¥, the average values of[c,|,|c;| &
|c7| must each remain constant. This can happen only if n remains within its pre-existing
boundaries of (5<n<7). For example if ¥,adds+7%k, it can createy, but|cg| must average
zero, which it can do only if it fluctuates either side of zero, and|cn| cannot be negative.
Similarly|c4| must average zero, thusy, & v, are forbidden states. Keeping the average
values of|cn| constant is also equivalent to a constant internal average particle energy (we
have shown in section 3.2.1 that rest mass is a function of » ¢, *c,.p?, ). By changing these
Eigenvalues by n==1 there are only four possibilities; ¥, &, can both reduce by -k
quanta, ¥ &Y. can both increase by +#k quanta. If ¥, becomesy/,, |c7| also increases and
|c| decreases, but theny, has to drop back becomingy, with|c,| decreasing back down and
|c6| increasing back up in exact balance. If we view this as one overall process the average
values of both [c;|and|c, [remain constant but fluctuate continuously. We can use exactly the
same argument if ¥ increases which has to be followed by ¥, dropping, where if we view
this as one process again, the average values of both|c;|and|c,| remain constant. This is
similar to a particle not being able to absorb a photon in a covariant manner, it has to reemit
within time AT ~ 7/ E. With spherical symmetry the momentum p = +n#k. If we change n
by +1 the sign of p=+n#k determines the direction of the momentum transfer Ap. In the
above if ¥ — ¥ then returns wg, — Vs, and p =+nkk keeps the same sign during this
process, there is no nett momentum transfer and there is a probability of this, but it is not the
probability we need. However consider the process as in Figure 3.3. 3.

To get a net momentum transfer the momenta have to be in opposite directions for each half
of this process. (Conservation of momentum allows this only if there is an equal and opposite
transfer of momentum at the other vertex of the interaction.) The problem with this is that a

34



total transfer of Ap = —2%zk implies superpositions ¥, interact with virtual 2k photons. Section
3.5 shows that interactions only with virtual k photons give the correct Dirac spin %2 magnetic
energy. However just as transversely polarized photons are equal left and right polarization
superpositions |L>/\E+| R)/«E, we can perhaps regard the Figure 3.3. 3 process as a
similar equal superposition|a) /2 +|b) /2

67k — —Bhk «
__4 : ki L
Ehk o produces Ap k , but there is another Ap k if returning via ek
) [b)
Figure 3.3. 3
[2)  [b) _[-7k) |-7k) (3:3.6)

The figure 3.3.3 process becomes the superposition

NI A S

We have two equal 50% probabilities of states|a) &|b) producing the required total Ap = —/k.
Also as from the above paragraphs the average values of|cs| and |c6| remain constant:

The probability of transitions y, & y, must be the same in either direction. (3.3.7)

As spherically symmetric states have momentum p = +n#k :

We can also think of p = +nk as a superposition p = |+niik )/ /2 +|-nhk) / /2. (3.3.8)

3.3.3 Looking at just one vertex of the interaction first

In Table 4.3. 1 and section 6.2 we introduce infinitesimal rest mass photons and gluons as
superpositions of v, ,v,,,¥., where N =2 in Eq. (2.2. 4). Consider just one vertex of an
infinitesimal rest mass spin 1 photon superposition v, .V, ¥, interacting with a spin %2
superposition v, ¥, ¥, at the same k. Looking at one possibility first, ¥, & wy, for spin
1and v, & w,, for spin %, we can apply the Figure 3.3. 3 process to get a nett momentum
transfer. For this combination of Eigenfunctions there are four possible ways of getting the
momentum transfer as in Figure 3.3. 4. In each of these 4 cases the amplitude for this to
happen includes the factors C,-C;-C,-C,. Let us temporarily imagine|c4 -Cy - Cy -c7.|:1.Then
p = +nhAk as in|a> of Figure 3.3. 3 with an amplitude of 1/+/2 from Eq. (3.3. 8) transfers
Ap=—hkalso with an amplitude of 1/+2, which is the required first half of our
superposition Eq.(3.3. 6) |a)/«2+|b)/+/2. Similarly p=-nikas in |b) of Figure 3.3. 3
gives the second half. It would thus seem that our amplitude is simplyC; -C;, -C; -C,. However
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from Eq. (3.3. 7) there is a 50% probability of the transitions ¥, & v in either direction, or
an extra 1/+/2 amplitude factor for ¥, &y, in either direction, similarly an extra 1//2
amplitude factor for w, & y,. These two extra 1/+/2 factors reduce the amplitude
C,Cs:Cs-C, 10 c,-c,-C,-C I (\N2x\2)=¢,-¢,-¢c,-¢c,/2. Thus adding the four cases in
Figure 3.3. 4 together and treating all other factors as 1:

Figure 3.3. 4 process amplitude factor is 4x(c,-c,-c,-C,)/2=2¢c,-C,-C, C, (3.3.9)
Spin 1 Spin 1/2 Spin 1 Spin 1/2
4 goesto 5 7 goes to 6 4 goesto 5 6 goesto 7
with p « with p « with p « with p —
S5returnsto 4 | 6 returnsto 7 S5returnsto 4 | 7 returnsto 6
with p — with p —» with p — with p <
Spin 1 Spin 1/2 Spin 1 Spin 1/2
5goesto4 7 goes to 6 5goesto4 6 goesto 7
with p — with p « with p — with p —
4returnsto 5 | 6 returnsto 7 4returnsto 5 | 7 returnsto 6
with p « with p — with p « with p «
Figure 3.3. 4

The four possibilities in Figure 3.3. 4 are all between the same sets of Eigenfunctions
v, &y, for spin 1, v, &y, for spin Y. But there are also four different sets of these A, B,
C & D, between groups of four Eigenfunctions as in Figure 3.3. 5; with their amplitudes from
Eqg. (3.3. 9) below each relevant box, which we also label as A, B, C & D. (Subscripts a refer
to spin %2 and b to spin 1.)

A B C D
Spinl Spin% | Spinl Spin% | Spinl Spin%: | Spin1 Spin
5 7 5 7 5\7 5/7
b s |46 | s e | 4 e
s [ [N

Amplitudes: A =2,,C5,C5,Cr0n B = 2C5,C4C6,Ce00 C = 2C45CeC5,Cs00 D =2€4,C4,C4,Cr

Figure 3.3. 5
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3.3.4 Assumptions when looking at both vertexes of the interaction

Because we are looking at an interaction between identical spin %2 fermions each vertex has
the same groups of Eigenfunctions A,B,C&D as in Figure 3.3. 5. From section 2.2.2 and
Figure 3.1. 4 the three Eigenfunctions forming each of the interacting particles are born
simultaneously. It would thus seem reasonable to assume that the amplitudes of each group of
three Eigenfunctions have the same complex phase angle. The two fermions and one boson
can be at different complex phase angles to each other but each one individually is a
superposition of three Eigenfunctions at the same complex phase angle. Thus the four
amplitudes A,B,C&D from Figure 3.3. 5 (A,B,C &D each comprising two fermion amplitudes
and two boson amplitudes) must all have the same complex phase angle. Similarly the four
amplitudes A, B’,C’ & D’ of vertex 2 in Figure 3.3. 6 also have a common phase angle.

Eigenfunction A B C D
Groups
Vertex 1 Amplitude A Amplitude B Amplitude C Amplitude D
Vertex 2 Amplitude A’ Amplitude B’ Amplitude C' Amplitude D’
Figure 3.3. 6

We are also going to assume that Eigenfunctions A of vertex 1 interact only with
Eigenfunctions A of vertex 2 and Eigenfunctions B of vertex 1 interact only with
Eigenfunctions B of vertex 2 etc. Eigenfunctions A of vertex 1 do not interact with
Eigenfunctions B of vertex 2 etc. Thus if all other amplitude factors are 1:

The total interaction amplitude = AA'+ BB'+CC'+ DD’ (3.3.10)

Apart from a different complex phase angle this is equivalent to: (A& A',B&B’ etc. all
differ by the same complex phase angle.)

Total interaction amplitude = A% + B> +C? + D? (3.3.11)

Interaction probability = (A* + B +C? + D?)*(A?+B*+C?+D?)  (33.12)
Using (A’* A%) = (A* A)(A* A) etc. this is equivalent to
Interaction probability = (A* A+ B*B +C*C + D* D)? (3.3.13)
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From Figure 33.5 A= 2C4bC5bC6aC7a’ B= 2C3bc4bC6aCSa’ C = 2C4bC5bCGaC5a’ D= 2C3bc4bc6ac7a'

Putting P,, =c,, *c.,,P,, =c,, *c, etc. & A*A=4P, P, P, P, etc. thisisequivalentto
(A*A+B*B+C*C+D* D)z 216[P4bP5bP6a o T Pab Pas Poa Psa + Pan Pop Poa Pa + P3bP4bP6aP7a]2
2 2
= 16[ Py (Pyy + Py )| [Pea (Pog + Pr,)]

Then using €y, *Cy, +C,, *C, +Cq, *Cyy =Co, *Cy, +C4, *Cy +Co, *Co, =1 the interaction probability is
(A*A+B*B+C*C+D*D)? =2*[c,, *Cyy (1= Cyy *Cyp) | [Con *Coa (1= Coy *Cp) | (B3 14)

We have assumed to here that all other amplitude factors are 1. However at each vertex there
are both fermion and boson superposition probabilities from Eq. (2.2. 4). Writing the
superposition probability at each vertex sN-dk/k as s,,N,dk/k, sN,dk/k for clarity
where spin1=s, N =1is N, etc. Including these factors (if all other factors are one) in Eq.
(3.3. 14) our overall probability at wavenumber K is

2 2
|_251/2N1C6a *C6a (1_ Coa *Cﬁa)—| rZSlNZCAb *sz(l_ Cup *C4b)—|
k k

2 2
_ [251/2N1C6a *Cea (1_C6a *C6a)] [251N204b *CAb 1- Cap *C4b)]

(k)*

The momentum per transfer is a total of +zk and using Eq’s. (3.3.5), (3.3. 6) & Figure 3.3. 3
we have (£7K)* =q* (then putting 7 =1) the interaction probability:

2 2
_ [281/2N1C6a *Coa (1 -G, *CGa)] [zslNZCAb *C,p(L—Cyy *CAb)] (33.15)

4

q

This is the scalar interaction probability between two spin % fermions exchanging
infinitesimal rest mass spin 1 bosons at very large spacings, where the fermions are
effectively spin zero, imagining them as bare charges and all other factors being one. Going
through exactly the same procedure but similarly exchanging spin 2 infinitesimal rest mass
scalar gravitons (with N =2=N, for clarity) the gravitational interaction probability
between fermions becomes (using subscript c for spin 2) if all other amplitude factors are 1:
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2 2 3.3.16)
2s..N.c.. *c.. (1-c..*C 2s.,N.c,. *c, (1-c, *cC (
[ 1/2" Y1¥6a Ga( 6a Ga)] 4[ 2" %2%4¢ 4c( 4c 4c)] for fer iOnS.

q

And if for example two spin 1 photons exchange spin 2 gravitons (all infinitesimal rest mass
with N =2 = N, ) the interaction probability becomes if all other amplitude factors are 1:

2 2
_ [251N2C4b *C4b (1_C4b *C4b)] [252N2C4c *C4c (1_C4c *C4c)] forN =2 phOtOI’\S. (3'3' 17)

4

q

If two massive N =1 photons (as in Figure 3.3. 2) exchange spin 2 gravitons the interaction
probability becomes if all other factors are 1:

2 2 (3.3.18)
_ [251N105b *CBb (1_ Csp, *CSb)] [232N2C4c *C4c (1_ Cac *C4c)] forN =1 photons.

4

q

General Relativity (section 1.1.1) tells us the emission of gravitons is identical for both mass
and energy. Keeping all other factors (such as mass/energy) in Eq’s. (3.3. 16), (3.3. 17) &
(3.3. 18) constant, the exchange probabilities must be the same in each. We can thus put them
equal to each other and cancel out the red terms:

251N2C4b *CAb a- Cup *C4b): ZSlNlCEb *CSb 1- Csp, *CSb): 281/2Nlc6a *Csa - Cea *Cea)

or (3.3. 19)
4c,, *cyy, (l_CAb*CAb) = 204, *Cy, (1_C5b *CSb) = Coa  Coa (1_C6a*cea)
N =2 Spinl N =1 Spin1l N =1 Spin 1/2

Now assume that all other factors (other than coupling constants) are 1, and remember that
we are simplifying with a thought experiment by looking at spin Y2 superpositions sufficiently
far apart so we can treat them as approximately spherically symmetric or effectively spin zero
even if they are supposed to be bare charges with spin. Under these same scalar exchange
conditions QED tells us that with electrons for example:

40° (3.3. 20)

ik

q

The probability of scalar or coulomb exchange in Eq (3.3. 15).
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Let us temporarily ignore the fact that gluons have limited range, and imagine our thought
experiment applying to colour charges exchanging gluons. The « of Eq. (3.3. 20) becomes
the usual colour couplinge,. To get the fundamental coupling ratio labelled as y. = ;"
@ k..., We substitute the & of Eq. (3.3. 20) witha = y.'as we have assumed «, (Primary) =1.
Also substitute 28, =1, 23, =2, N, =1& N, =2 and equate Eq’s. (3.3. 15) & (3.3. 20)

[Cea *C6a (1_ Coa *Cea)]2 [4C4b *C4b (1_ Cap *C4b)]2 _ 4(7(51)2
q* q* (3.3.21)
or [Cﬁa *Cop(1-Coq *Cﬁa)][4c4b *C,p(l—cyy *CAb)] = 2)(61

But from Eqg. (3.3. 19) the blue and green terms are equal (also the magenta terms) and we
can solve for the fundamental coupling ratio by combining Eq’s. (3.3. 19) & (3.3. 21).

N =2 Spinl N =1 Spinl N =1 Spin 1/2 (3.3.22)
Photons or Gluons Massive Photons Fermions

=]
4c,, *c,, 1- Cup *C4b) = 2Cy, * Cy, 1- Csp *CSb) = Cea *Cea(l_ Coa *Cea) = ‘EZC

The coupling ratio is fundamentally the same for colour and electromagnetism apart from the
six primary electric charges of Eq. (3.3. 1) because of the way electric charge is defined.
Equations (3.3. 19), (3.3. 21) & (3.3. 22) tell us that for any interactions between two
superpositions, the inverse coupling ratio always involves the product of the central
superposition member probability by the probability of the other two members combined
xN x spin of the first superposition, times the equivalent product for the other superposition.
In section 4 we introduce gravity and solve these ratios. Despite all the simplifications the
above equations are surprisingly consistent with the Standard Model provided there are only
three families of fermions. Even though we used gravity to derive Eq.(3.3. 19) we leave
discussing the gravity coupling ratio till section 6.2.6.

3.4 Electrostatic Energy between two Infinite Superpositions

3.4.1 Using a simple quantum mechanics early QED approach

In section 3.3 we have shown that fermion superpositions can exchange boson superpositions
in the same way as electrons can exchange virtual photons for example. Providing the
superposition amplitudes are appropriate, the coupling constants can be just as in QED,
though we will look further at this in section 4.1.1. So it might seem that evaluating
electrostatic energy between superpositions is unnecessary. However when we look at gravity
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we find that the spacetime warping around mass concentrations appears to be strongly related
to cosmic wavelength virtual graviton probability densities. Now QED looks at particle
scattering crossections due to virtual particle exchange probabilities, but as we later focus on
virtual graviton probability densities we will use a simple, but only approximate, quantum
mechanical method based on virtual photon probability densities to find the scalar potentials
between two charges (or infinite superpositions) that also allows a simple solution to
magnetic energy between superpositions in Section 3.5 where we modify relevant equations
in a simple manner. We also use some of these same equations when looking at why
borrowing energy and mass from zero point fields requires the universe to expand after the
Big Bang and distort spacetime around mass concentrations.

We assume spherically symmetricl =3 superpositions emit virtual scalar photons in this
section and | =3 m=+2 superpositions emit virtual m=41 photons in section 3.5. As
section 3.3 has shown that we can achieve the same electromagnetic coupling constant « we
can use the scalar photon emission probability (2« / z)(dk / k) covered in section 2.1.1. From
section 3.3 we can also see that the effective average emission point has to be the center of
superpositions. The probability of finding this interacting virtual photon (or spin 1
superposition) decays exponentially with radial distance travelled. The normalized
wavefunction y for such a virtual scalar photon of wave number k emitted atr =0 is:

2k e—kre+i(kr—a)t) 2k e—kre+ikr .
= |———-——= | ———— @timet=0.

4 r B 47 r

Interacting boson

N, \(\/ Dominant fermion wavefunction g,

5 \\ .
- N
\\_\ \\&
L5 20 23

04 10 2 LN

Figure 3.4. 1 Radial probability of 4, and the exponential decay with radius of its interacting
virtual boson R* R oc 2ke 2. These curves are the same for all k , applying equally to virtual

photons, gravitons and to large k value gluons etc.
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Wavefunction y is spherically symmetric as scalar photons are time polarized. Figure 3.4. 1
plots the radial probabilities of the exponential range of the virtual photon and the dominant
n=6 mode of its relating superpositiony, . The effective range of the interacting photon is
of a similar order to the radial probability dimensions of ¥, . For simplicity in what follows
we locate two superpositions (which we refer to as sources) in cavities that are small in
relation to the distance between them. The accuracy of our results depends on how far apart
they are in relation to the cavity size. Consider two spherically symmetric sources distance
2C apart emitting virtual scalar photons as in Figure 3.4. 2 where point P is I from source
1, &1, from source 2. Let ¥, be the amplitude from source 1, and ¥, be the amplitude from
source 2 and for simplicity and clarity let t =0.

2k - knriks 2k - knke, (3.4.1)
Thus Wi =]— & yy=4|—
Ar 1 Ar 1,

Consider (Wi + w,)* (Wi + wy) =w Wy v, +v, v, *y,

Now v, *w, & w,*w, are justthe normal probability densities around sources 1 & 2 as
though they are infinitely far apart but the work done per pair of superpositions k on
bringing 2 sources closer together is in the interaction term: yy *w, + v, *y; .

2K i ke, —ikr 4 2k Cik(r
Wl*Wz — e kr1e kr2e |kr1e+|kr2 =" e k(r1+r2)e ik(r,-r,)
4rnr, 4rnr,

e—krze—krle—ikrzeJrikr1= 2k e—k(r1+r2)e+ik(rl—r2)

4rnr, 4rnr,

WKWy, Ry = 2k e—k(ﬁ+r2)[e+ik(r1—r2)+e—ik(r1—r2):|
4rnr,

4k  _
= — e (%) cosk(r, —1,)
4rnr,

(3.4. 2)

Now put (A=r+r,,B=r-r) & wy*v,+y,*y, = e‘Akcos(kB)

4rnr,

Real work is done when bringing superpositions together and we can treat these interacting
virtual photons as having real energy #w = #kc. Using virtual photon emission probability
(2a I 7)(dk / k) from section 2.1.1

h
meypmvwwanmownmebﬂmnythx{PmmeHy3395}:2a Cm< (3.4.3)

7 k i
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Point P

2

i =r +C*=2rCcos(180-6

2XC* =2rCcost

Source 1 Source 2

Figure 3.4. 2

Including Eq.(3.4. 3) the interaction energy @ k is thus (¥, *v, +w, *y; ){Zahc dk} and

T

using Eq. (3.4. 2) the interaction energy @ k is [Zahc dk1 ak

Vs 4rnr,
The total interaction energy density due to ¥; *v, +v, *y; forall k is

e "X cos(kB).

(3.4. 4)

2ahc 4 T
d ke " cos(Bk)dk
7 Arnh

% A2 _ B2 (3.4.5)
j ke cos(Bk)dk = ————
0 (A°+B°)

Where A =(h+n) =r’+2nn+1r° & B?=(n-n)" =r° -2, +r,°
Thus A%= (np+ r2)2 = r12 +2nr, + r22 &A% +B?%= 2(r12 + r22) (3.4.6)

= 2(r2 +C2) as cos(180—@) =—cosé

and A?+B%=4(r>+C?% (3.4.7)

A2 B2 arr.
Putting Eq’s. (3.4. 4), (3.4.5), (3.4.6) & (3.4. 7) together = 12
gEq’s. ( ) ( ), ( ) & ( ) tog (AZ1BY. 1602+ C7)

0

[[ke™ cos(Bk)dk = 12
0 4(r°+C”%)

43



2ahc 4 h
ol (ke cos(BK)dk — 22MC_4 2
o Amnr, . 4rnr, 4(r°+C%)
2ahc 4 h (3.4.8)
2ahe 4 T omk cosaydk < 29 L A
7 Arnr, o 7 4r (r°+C”%)

This is the total interaction energy density of time polarized virtual photons at point P due to
w1 *w, +v,*y, for allk and there are no directional vectors to take into account. We will
use similar equations for the vector potential (m ==1) photons for magnetic energies but will
then need directional vectors. Equation (3.4. 8) is the energy due to the interaction of
amplitudes at any radiusr from the centre of the pair. It is independent of @, and to get the
total energy of interaction we multiply by 4zr2dr for layer dr and integrate from r =0 —> oo,

2ahc ¢

The total interaction energy is | j(yxl vy +v,*ypy)dk 4zridr

0 0

2qhc 1 Axridr
z 4m Y (r2+C2)2

Using Eq. (3.4.8)

2ahc 2ahc ¢
Thus — j (1 * v, +y, *yy)dkdv = j -
00 0 (r +C )
T r2dr ~
* (r’+C?)? 2C 2
ahc ahc
The interaction or potential energy is —— = ——
p gy > R (3.4.9)

If R =2C is the distance between the centres of our assemblies, this is the classical potential.
The procedure used here with small changes, simplifies the derivation of the magnetic
moment; we reuse some equations, but in a slightly modified form taking polarization vectors
into account. We also reuse some of these simple but approximate derivations when looking
at gravity in Section 5.
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3.5 Magnetic Energy between two spin aligned Infinite Superpositions

In this section we are going to consider two infinite superpositions that form Dirac spin Y2
states. We will look at the magnetic energy between them when they are both in a spin up
state say along some z axis as in Figure 3.5. 1. We are not looking at the magnetic energy
here when they are both coupled in a spin 0 or spin 1 state. That is, both Dirac spin % states
have their\/§h/2 spin vectors randomly oriented around the z axis with 7/2 components
aligned along this z axis. Also in this section we will be dealing with transversely polarized
virtual photons and must take account of polarization vectors. In section 3.2.2 and Eq. (3.2. 7)
spin % states are generated only from | =3 ,m =2 states and as transversely polarized photons
are superpositions of m = +1photons they can only be emitted from these | =3, m=2 states,
the remaining states are spherically symmetric and cannot emit transversely polarized
photons. We don’t yet know the value of amplitudes|cn| so we will derive the magnetic
energy in terms of these. We will then equate this energy to the Dirac values assuming a g
value of 2 before QED corrections; this allows us to evaluate in section 4.3 the amplitudes
|cn| in terms of the ratio y.,, between primary and secondary electromagnetic coupling. We
can then evaluate in section 4.1 the primary electromagnetic coupling constant &, in terms
of the ratio y,, . (Section 3.5 uses the same format as Chapter 18, “The Feynman Lectures on
Physics” Volume 3, Quantum Mechanics [11].)

«ﬁ.ﬁ /2 E | Ai2

Figure 3.5. 1
An | =3,m =2 state can emit a right hand circularly (R.H.C.) polarized (m =-+1) photon in
the +z direction. Let the amplitude for this be temporarily|R) .
An | =3,m=-2 state can emit a left hand circularly (L.H.C.) polarized (m = —1) photon in

the +z direction. Let the amplitude for this also be temporarily|L) .

First rotate the z axis about the y axis by angle @ (call this operation S|R) ) then use

(x|= D[R]+

] and multiply on the right by operation S|R).
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The amplitude to emit a transversely polarized photon in the x" direction is thus

(xs|R)=—=[(RY[S[R)+(LS|R)]

Where <R'|s|R>=<3,+2'|s|3,+2>=(1/4)[2+2cos9—4sin29+3sin29cos0] is the
amplitude an | =3,m =2 state remains in an | =3, m =2 state after rotation by angle & .

Also (L'|S|R)=-(3,-2|s|3,+2) = (1/4)[2—2c056’—4sin2 9—35in29c059] is minus the

amplitude that an 1 =3, m=2 state isin an | =3,m = -2 state after rotation by & .

1-2sin’@ cos26 (35.1)
"SIR)= =
(x]s|r)- -2’0 _cos2

An | =3,m =2 state can also emit an (m = +1) photon in the —z direction but it will now be

Putting this together

left hand circularly polarized. Let this amplitude be temporarily:|L).
Similarly an | =3, m=-2 state can emit an (m = —1) photon in the —z direction which is right

hand circularly polarized. Let this amplitude be temporarily: | R) .

cos 20 (3.5.2)

2

We can go through the same procedure as above to get (x'|S|L) =

This amplitude Eq. (3.5. 2) is for a photon emitted in the opposite direction to amplitude Eq.
(3.5. 1) but cos28 =cos2(180+6¢) and we can simply add these two amplitudes. Let us
assume however that an | =3,m=2 state has equal amplitudes to emit in the +z & -z
directions of |R>/\ﬁ and| L>/\E.

|S | L>] _ cos 20 N cos 260 — 0820 (35.3)
2 2

With these amplitudes;

L

Egation (3.5. 3) is the angular component of the amplitude for a transverse x' polarization in
the new z' direction where x >x' &z —>z'=6. When =0 or 180 the on axis amplitude
for transverse polarization is one as expected ignoring other factors. Using the same
normalization factors (we check the validity of this in section 3.5.2 we can still use the
amplitudes and phasing of our original time mode photons Eq’s. (3.4. 1) but instead of
including polarization vectors we will for simplicity just use the cosine of the angle (y—&)
between them (as in Figure 3.5. 2 ) as a multiplying factor. Including the angular factor Eq.
(3.5. 3) in our earlier scalar amplitudes Eq’s. (3.4. 1) we have for our new wavefunctions:
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ok e Ku+ikn oKk e Kn+ikr, (3.5.4)
w, =C0S20 /— & y,=c0s2y,|—
dr rn dr r,

The transverse polarized photons from sources (1) & (2) have polarization vectors |x1) and
|x2> at angle to each other (y —o), (Figure 3.5. 2) and the complex product becomes:

(i +wo)*(w+ wy) =y w+ (W Wy v, * ) (Cos(y = 0) +v, *w,

Where the interaction term is now: (¥, *w, +w, *y;)cos(y —J) and as in the scalar case
(section 3.4.1) but now using Eq’s. (3.5. 4)

2k _ Zik(r—
W, *w, Cos(y — 8) = €05 25 c0s 2y ———e K12 K(R) oog(y — 5)
4rnr,

2k _ ik(r —
W, *y, COS(y — &) = €08 25 c0s 2y ———e K (i) K(TR) oog(y — 5)
4rnr,

(3.5. 5)

(W, * v, +y, * ;) coS(y — 8) = C0S 25 c0S 2y e " cos(kB) cos(y — )

znr,

(Where as in section 3.4.1, Eq. (3.4.2) A=+, &B=r-1,.)

Point P

Source 1 Source 2

Figure 3.5. 2 Two sources 2C apart, both with ﬂnzk x (m=+2) states along the joining line,

o &y are the respective anglestoP, I, &T, are the respective distances to point P.

3.5.1 Amplitudes of transversely polarized virtual emmited photons

In the laboratory frame ¥, has amplitude f to be in anm=+2 state (section 3.1). For a
multiple integer n superpositiony, = > c v, . At each fixed wavenumber k we cannot
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distinguish which integer n a virtual photon comes from, so we must add amplitudes from
each individual integer n superposition. To keep integrals simple we will assume that
B <<<<1 or that spacing 2C is very large, and our interacting k values are very small.
(We can make a comparison with the Dirac values at any large spacing so accuracy need not
be affected.) Thus if g, <<<1&y,, ~1, we can approximate Eq. (3.1. 11) as

nik2s [, V2s R onky2s & nk
2

2m,c 2m,c 2

for spin % fermions.

Knk :ﬂnkynk ~ nk ~

Kc<n>k (3.5.6)
2

Adding amplitudes for multiple integer n superpositions (3, ) ~

(When deriving Eq. (3.2. 10) we said(|p,|) =%k (n) and not <|pk|>=hk\/m. How do we
justify this? When B, <<1 as above f, o« nik =|p,, | So adding ampitudes S to get(;, )
is equivalent to adding p,, to get (p, ) and not adding pj, = n*#°k’to get(jp,|) = hk\/ﬁ. If
this is true when S, <<1 it must be true for 0< 8, <1.)

3.5.2 Checking our normalization factors
Let us pause and check the reasonableness of all this and our normalization factors. From

—2kr
2ke ] X (emission probabilityz—a%)givesa
47[ 2 J r K
{

Eq’s. (3.4. 1) for scalar photons {W W =

20 dk|_ 2k e [2a ok]
T kJ_47z r? Lﬂ' kJ'

Scalar ¥, emission probability density y *y

The transversely polarized probability density, using EQ’s. (3.5.4) & (3.5.7) pIus(,Bk >2 IS

. - . 2| 2]
Transverse emission probability density <ﬂnk>2 y'ry— 2or dk (ﬂnk> { 0s Zéj—ke > Jza dkk
T T T

(Where 26 =2y &, =r,.) If we now consider the on axis & =0 case the transverse polarized
on axis emission probability density at k is:

2| 2k e | 20 dk vy 20 9K
(B | 42 J7?—<ﬂk> ;

Just as in QED the factor(/n’k )2 is the factor we need for this on axis emission probability
density ratio between transverse and scalar polarization. This justifies using the same
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normalization constant~/2k / 47 for both the scalar and magnetic wavefunctions. We seem to
be on the right track and using the same virtual photon emission probability and energy 7kc

as in Eq. (3.4. 3) for both the scalar and transverse polarization cases ie

7 3.5.7
Energy per transverse photon x Probability = hkc{Probablllty —a%} = 2ahe dk ( )
T T

Multiplying Eq. (3.5. 5) by Eq. (3.5. 6) squared, and Eqg. (3.5. 7) we get the transverse

interaction energy @ wavenumber k :

2al
(Be) (wl*wz+w2*wl)005(7—5){ o dk}
T
(%2 (n)?k? | )
|L <4> J0052500527 4::;2 e " cos(kB) cos(y — &) {Za IC dk}
i S 2 * * TZahC —I
Rearranging this: <ﬂk> Wi*v, +vy, '//1)C03(7—5)L - ko
2<n>271?:0!h0 C0S 20 €0S 2y cos(y — 9) (3.5.8)

= [k3e‘Ak cos(kB)dk]
V4 4rnr,

As in the scalar case we integrate over k first but now with a k*term due to the inclusion of
the (B, )2 factor which is approximately proportional tok” from Eq. (3.5. 6).
USing A= r]_ + r2 & B= r]_ - r2 and Eq,S. (34 6) & (35 6)

< [ (2 02y ]

| [k3 Ak cos(kB)dk] 3{2r1 (r 2+4C ) J
0 8 (r2+c?)

. 2ahc
And thus: I (Be)” i *wy + v, *y) cos(y - 8) = dk
0
- 2<n>2 R2ahc cos25 cos2y cos(y — ) 3| 2r%r,° —(r* +C?)* (35.9)
7 4z, 8 (r+c?)*

Equation (3.5. 9) is the magnetic interaction energy density at point P for all wave numbersk.

Figure 3.5. 2 is a plane of symmetry that can be rotated through angle 2 around the axis of
symmetry (the joining line along the axis of the 2 spin aligned sources). To evaluate the total
magnetic energy density over all space we just multiply by 47zr? sin@dédr.
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We thus integrate Eq. (3.5. 9) x 4zr?sin@dadr.=

(3.5. 10)

7&2 he =712 2 2 2r%r.2 —(r? 2)?
! H cos 29 cos 7‘303(7 o) 2nr —(r :40) r?sin 0dodr
(r +C°)

o0

C0S 26 cos 2y cos(y — ) r2lf12r22 - (r2 + C2)2 1

O — NN

Now j { RPN J r?sin @d@dr can be reduced to the
0 nr (re+C?)
1
. . 7-5x%), 1+x 14 16
single integral: j {( ) In 1+ —+ }dx which can be also expressed
X3 X X
0

as an infinite series in p (to not confuse with superposition valuen ):

fj __10 (p-! = _ 1 (160-51r) z
8C3 Pt 2p+3 2p+1|(p-DY(p+1)14P 2 8c3 6 )
(PuttingR=2C ) = 13M z (3.5.11)
R 6 2
.. e - .. . 3.5. 12
This infinite series is approximately z—i i ( )

R® 54(1.0045062....)

Putting Eq.(3.5. 12) into Eq.(3.5. 9) the total magnetic interaction energy over all frequencies
and all space for 2 spin aligned infinite superpositions is:
3(n)* k2ahc { 1 P ]

U'=
Ax R® 54(1.0045062....) |

|r <n>2 K%ahc ) (3.5.13)
L72R3(1.0045062....)

We will call this U (superpositions) ~ —

We can equate this magnetic energy to the classical value assuming the Dirac value of g =2
for spin %2 (No QED corrections have been applied so it must be g =2). For the arrangement
of spins as in Figure 3.5. 1 the Dirac magnetic energy between two spin % states is

_ 2,2 (3.5.14)
U (Dirac)=- %
4re,C°R
: . . eh  ehc  ech. . : .
Using the Dirac magnetic moment x = = = the Dirac magnetic energy is

2m, 2myC 2
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2
U(Dirac):—ﬁca?q
L 2R" ]

The approximation used in deriving Eq. (3.5. 6) 72/32 ~ /32 for ﬂ2 <<<1 is true only when
R>>>%¢ . This error in 3% is of the order of X2 /R? and rapidly tends to zero with
increasingR . There is no upper limit on the value of distance R we can choose. Thus
comparing our estimate of the magnetic energy with Dirac’s value when R >>> 7ic

[ 252 5. ]  (35.15)
U (Dirac) = U (Superpositions) or — |r Cafc} —| §n> Acahc |
| 2R° | L?ZR (1.0045062....)J

All symbols cancel except(n) leaving: (n)? ~ 36(1.0045062.....)

The expectation value(n) in our superposition is slightly more than n=6 our dominant
mode. This is why we have used a three member superposition centred on this dominantn =6
mode. The two side modes n=5 & n =7 are smaller so that:

()= > (c,*c,)n ~+/36(1.0045062...) ~ 6.01350345 (3.5.16)

n=5,6,7.

This is for Dirac spin % particles. This mean value of n creates a g =2 fermion which QED
corrections (which are secondary interactions) increase slightly to the experimental value. In
section 4.1 we solve the primary electromagnetic coupling constant in terms of ratio xgy,
using Eq. (3.5. 16). It is important to remember this magnetic energy derivation applies to
two infinite assemblies (or particles) localized in small cavities in relation to their distance R
apart. They must be both on the z axis with spins aligned (or anti aligned) along this z axis
as in Figure 3.5. 1 & Figure 3.5. 2. Also the agreement with Dirac and in what follows is
possible if superpositiony, interacts only with virtual photons of the same wavenumber k.

4 High Energy Superposition Cutoffs

4.1 Electromagnetic Coupling to Spin %2 Infinite Superpositions

Equation (3.5. 16) is the key requirement for spin % superpositions to behave as Dirac
fermions, allowing us to solve agi,lp as a function of coupling ratio x using Eq. (3.5. 16).

(n)= > (c,*c,)n~/36(1.0045062...) ~ 6.01350345
n=5,6,7.
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Thus 5c¢; *cg +6C;*Cg +7C, *Cc, =6.01350345 but 6¢5*c; +6C5*C5 +6C;,*C, =6
and C; *C; —C5 *Cc5; = 0.01350345

As C,*C, +C,*C. =1-c,*c, we can now solve for C,*C, & C.*C. interms of C,*C,

*c

* C6 *CG
¢, *¢; = 0.50675172 - ==

41.1
5 & ¢, *c, ~0.49324827 - CﬁT (4.1.1)

From Eq. (2.3. 12) the Q®A’ required to produce this superposition with amplitudes ¢, is

n4h2k4r2

Q’A’= > ¢, *c, e and using Eq. (4.1. 1)

n=5,6,7

> ¢, *c, n* =625¢;*c, +1296¢ *c, +2401c, *c, ~1524.991-217c  *c,
n=5,6,7

4h2k4 2
Thus Q°A’= > ¢, *c, n '

n=5,6,7

~[18.82705-2.67901c, *c, | 7’k “r* is the required vector

potential squared to produce this spin % superposition. From Eq. (2.2. 4) with s= % &

2
2 8+8,\/a )
N =1 for massive fermions Q*A° = [ ; =P } h2k*r2is the available Q°A? .
JT

2
Equating required and available: 2[8+8a /aEMP )] ~ 37 [18.82705-2.67901c, *c, |

[1+ Jorg,-) | ~[1.386256 -0.197258c, *c,

2
Ay * [\/1.386256 —~0.197258¢ *c_ _1] (4.1.2)

From Eq’s. (3.3. 1) & (3.3. 22), ¢, *c,(1—¢, *¢;) =+/2/ z. =62/ x,, and we can solve for
aeye as a function of either ¢, or xc. We then use Eq. (3.3. 22) again to get agy @K, -
Now both y¢, and . are fundamentally the same ratio differing only by 36:1, because
electron superpositions have six primary charges whereas we define them as one fundamental
charge (section 3.3.1) and quarks have only one colour charge (Table 2.2. 1). Because
Xc = ch_l at the cutoff near L, it is more convenient to work with. From Eq. (3.3. 22)

2 .
Cs*Cy = EiE 1-4 |— and there are two solutions for each ¥ -

One has ¢, *C; dominant with two smallerC, *C. & C, *C, side modes, the other is the reverse
with C,*C, the minor player and two largerc,*C, & C,*C, side modes. As the values for
aeyp With C *Cs dominant fit the Standard Model very closely, we include only these. (This
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only applies to spin %2 fermions and in Table 4.3. 1 spins 1 & 2 boson superpositions have
minor centre modes.) Table 4.1. 1 shows these dominant C; *C, mode results for 7. =a,  at
various possible cutoffs in the range y. =50 — 51, as this range fits the Standard Model.

Of course there can be only one solution for this cutoff.

Coup“ng Ratio ZC CB *CG aI;I%APrimary aI;I%/ISecondary @ kcutoff
50.00 ~ 0.723607 ~75.4414 ~104.7798
50.20 ~ 0.724497 ~ 75.5447 ~105.3429
50.40 ~0.725378 ~ 75.6472 ~105.9060
50.4053 ~0.725401 ~ 75.6499 ~105.9210
50.60 ~ 0.726250 ~ 75.7488 ~106.4692
50.80 ~0.727115 ~ 75.8497 ~107.0324
51.00 ~0.727970 ~ 75.9499 ~107.5956

Table 4.1. 1 Possible coupling ratios y, versus o "

EMSecondary

inthe range y. =50 —51. The
yellow row corresponds to the interaction cutoff energy in Figure 4.1. 2 & Eq. (4.2. 11).

4.1.1 Comparing this with the Standard Model

In the real world of Standard Model secondary interactions the electromagnetic force splits
into two components a, & a, at energies greater than the mass/energy of the Z, boson or
~91.1876 GeV.[12]. However we want to compare these Standard Model couplings with
the values derived in Table 4.1. 1 at the~2.0288x10°GeV. cutoff of Eq.  (4.2. 11).
Assuming three families of fermions and one Higgs field the SM [13] predicts

4.1
a,' ~58.98+0.08——log, Q
2z 91.1876
1
o, ~29.60+0.04+ ) log, Q (4.1.3)
6x271 91.1876
7
o, ~8.47+0.22+—log, Q
2r 91.1876
The weak force split obeys ey = Eal‘l +a,
. 3 (4.1. 4)
Also o, = gag:,,COSZHW & a,' =ag,Sin’g, where 6, is the Weinberg angle.
Combining Eq’s. (4.1. 3) & (4.1. 4)
11 Q (4.1.5)

5
Aoy = gaf +a," ~127.90+0.173 - 2 log, 11876

Figure 4.1. 1 plots these four inverse coupling constants. Figure 4.1. 2 plots the intersection
Of U oysecondary PrEdicted in Table 4.1. 1 and the Standard Model prediction for ag, in Eq.
(4.1. 5). It would initially seem in Figure 4.1. 2 that there is an unusually large error band in
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the predicted results. However Adgys. oy / A2~ ~2.8 is approximately constant in this

table and the error band in the Standard Model colour coupling;* of £0.22 in Eq’s (4.1. 3)
translates into the larger error band for o, 0of +0.22x 2.8 ~ +0.62 in Figure 4.1. 2.

EMSecondary

L ) E
Fermion interaction cutoff —22% ~ 2.029x10"GeV.

(n) \
K ey = Eagl +a, ~105.934+0.173@ ~ 2.029x10°GeV.. 9\
3 Figure 4.1. 2
@ is a close up
at o 8 of this region.
. a, =50.405+0.22@ ~2.029x107GeV. \
“‘1‘65 ' ““‘1‘68 ' ““1‘811 ' ““1‘814 ' ““‘1817 Q in Gev'_>

Figure 4.1. 1 Standard Model based on three families of fermions and one Higgs field.

Planck Energy Possible values for
1070} (n) N ao,s (Secondary)
from Table 4.1. 1

106.5
106.0© Standard Model

§0{1’1+052’l = a;ﬁ,,
105.5} 3

Figure 4.1. 1 expanded
105.0F

' ' ' ' inGeV.—>
1 8% 1018 2 %1018 2251018 24x10l8 Q

Figure 4.1. 2 A close up of the intersecting region of the Standard Model Eq. (4.1. 5) and
Table 4.1. 1 predictions. The fermion interaction cutoff seems to be consistent with the
Standard Model.
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4.2 Introducing Gravity into our Equations

4.2.1 Simple square superposition cutoffs

In section 3.2 we looked at single integer n superpositions of ¥ initially for clarity, and
later found multiple integer n superpositions gave the same results; we will do the same here.
We also found in Eq’s. (3.2. 3) & (3.2. 6) that the integrals for both angular momentum and
rest masses are of similar form. They both ended up including the term

—— | which if K cutoff <o becomes
1+ K5 |, 1+ K5

1 K cutoff
— } and this is equal to
0

L 1 _ Klcutoff 1 1 (4.2.1)
1+ KZcutoff  1+KZcutoff 1+1/K? (cutoff) 1+¢

1 2mic (4.2.2)
KZcutoff  n?A%(K . )°s

where using Eq. (3.1. 11) the infinitesimal ¢ =

For integral or half integral # angular momentum precision is required but Eq. (3.2. 6) now

K cutoff
-1 _smh 1
1+ K? 2 l+¢

nk

gives us L,(Total) = ﬂ[

5 . So can the effect of gravity increase

0

our probabilities from sN % to sN-(1+ 5)%? We will initially address only massive

infinite superpositions where N =1 in Eq. (2.2. 4).

The first question we need to address is what is the effective preon mass to be used when
coupling to gravity? In Eq. (3.1. 4) we said the preon rest mass is m, / (8y,, @) for each of
the 8 preons that build a spin Y2 particle of rest mass M, . Now gravity couples to the total
mass including the kinetic energy. It also couples to other terms in Einstein’s energy-
momentum tensor, but we conjecture that in primary interactions such as this (section 1.1.2),
gravitons only couple to the mass/energy, and the equations are consistent only if this is so.
(Sections 6.2.1 & 6.2.2 also discuss this further.)

At the start of the interaction each preon mass is m,/(8y,, @) and after the interaction
(Figure 3.1. 3) it is myy, 1+ B2)/ (8\/5) . Let us think semi classically again and see where
it leads us. We have been using magnitudes of velocities as they are the most convenient way
to express our equations even if not the conventional language of quantum mechanics. The
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interaction with the zero point fields takes the momentum of each preon from zero to
2m0;/nkﬂnkc/(8x/5) (Figure 3.1. 3). While this happens as a quantum step change let us
imagine it as a virtually infinite acceleration from zero velocity to 23, / (L+ 3%), which is
the relativistic velocity addition (see Figure 3.1. 1) of 2 equal steps of 3,,. At the half way
point after one step the velocity is B, (the velocity of the CMF, the preon mass has increased
tom, / (8\/5). We can imagine this as being like the central point of a quantum interaction.

We will conjecture this midway point preon massm, / (8@) is the mass value that gravity
acts on and we will see that it is indeed the only value that fits all equations. Also it does not
make sense to choose either of the end point masses. We can also get reassurance from the
properties of the Feynman transition amplitude which tells us in Eq. (3.1. 15)

(p,+p,) _2Myyy Bue
(p+P)  2myr,

B, and the ratio of space to time polarization in the LF is 37 .

This centre of momentum velocity tells us the key properties of the interaction. We will thus
assume we have 8 preons in each v, of effective gravitational mass mO/(8\/§) with
effective total gravitational massm, I\2s . To put the gravitational constant in the same form
as the other coupling constants we need to divide it by#zc. The gravitational coupling
amplitude is thus mo,fGP / (2shc) to the gravitational zero point field, where \/a is the
primary amplitude for a Planck mass to emit or absorb a graviton. Now this gravitational
amplitude can be regarded as a complex vector just as colour and electromagnetism. We
assumed for simplicity, as they are both spin 1 field particles, that colour and
electromagnetism are parallel. Spin 2 gravity could be at a different complex angle to the
other two. In fact the equations only have the correct properties if gravity is at right angles to
colour and electromagnetism. Putting Go;..., = & * Gsecondary WE CONjeCture that:

The gravitational coupling amplitude is imO,/GP / (2shc) = imm/;(é -G /(2shc) (4.2.3)
= imoa[;(é -G/ (2shc)

Where we have put the secondary gravitational coupling constant to a bare Planck massG,
in Eq. (4.2. 3) equal to the measured gravitational constant G and temporarily labelled the
ratio between the primary the primary and secondary gravitational constants as y; and return
to this in section 6.2.6. So modifying EQ’s. (2.2. 1) to (2.2. 3) by adding Eq. (4.2. 3)

- ’ 2
H8+8\/0‘EMP +imy\/ 75 -G/ (2she) h2k4r2—| ['sN -dk

252 1
O = 37sN JL k J
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I 2 1
202 [8+8«/awp)} sea s | [ SN@+e")dk , mZy. -G
Q°A° = h°kr® |.| —————— | where ¢’ =
| N | k 25hc(8+8\[rgyyp )?
2
8+84a )
Our previous wavefunctions y, required Q*A? =w h’k*r? from Eq. (2.2. 4).

37sN
Thus primary graviton interaction can increase the probability of our previous wavefunctions
v, by 1+ &' as required to obtain precision in our integrals for #/2 &7 if K cutoff <oo.

m2y. -G 1 2m’c? (4.2.4)
=& = =
2Shc(8+8\A0{EMP )2 Kr?kCUtOff Snzhz(kcutoff )2

Xe -G c

Using EQ.(4.2. 2) now puts’ =

2

Thus ®
4hC(8+8\/aEMP L (W&
6 Gh 1
256(L+ \Jage)? € N7 Ky )?
Xs- LP2 1

Gh
ButL,’>=— and ~
Pl 256(L+\Joreye)? N Koot

56(1+ \Joreyp ) (4.2.5)

N2 (K o Lp)?

. . - 2
For N =1single integer n superpositions y; =

cutoff

For N =1 superpositions y, = cht//nk , we can use the logic of section 3.5.1; replacing K?

With(Kk>2, and n’ with (n)* in Eq. (4.2. 4), so that Eq. (4.2. 5) becomes

256(1+ ./ 2 (4.2.6)
For N =1 multiple integer n superpositions y. ~ E aEMP)Z
<n> (kcutoﬁ LP)

If we now go back to Eq’s. (2.3. 9) & (2.3. 10) ask — oo the energy squared E, — p? ¢’
=n’h’w’ . Again using the logic of section 3.5.1 for multiple integer n superpositions the
2

expectation value for energy squared as k — oo is (E, )" — (jp, )" ¢ = (n)* h%?c? thus

For multiple integer n superpositions as k — oo, (E, ) — <|pk|>c =(n) hke (4.2.7)
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4.2.2 All N =1 superpositions cutoff at Planck Energy but interactions at less

It is reasonable to assume that the cutoff superposition energy cannot exceed the Planck
energy E,.. (at least for square cutoffs) and that this is true for all N =1 superpositions.
(Section 6.2.1 discusses N = 2 superposition E, ., cutoffs.) So for simple square cutoffs:

N =1 multiple integer n superpositions cutoff energy <Ek(wwﬁ)> = <n> 7K ot © = Eppanck (4.2.8)

cutoff

fic

This can be written as — (N) Ko € = Epppg = -

Planck

SR (N) Koot Lp =1

cutoff —P

o . (4.2.9)
For N =1 multiple integer n superpositions <n>k

cutoff =
Planck

(4.2. 10)

_ EF'Ianck

cutoff — < n >

Using Eg. (4.2. 10) with Planck energy1.22x10"GeV.and(n) ~ 6.0135 from Eq.(3.5. 16) for
simple square cutoffs (also see Figure 4.1. 2).

N =1 multiple integer n superposition interaction cutoff energy 7ck

Interactions between N =1 fermions cutoff @ ~ 2.0288x10°*GeV . (4.2.11)

From Table 4.3. 1 we see that all other particles such as photons, gluons and gravitons etc.
have <n> <6 and thus higher interaction cutoff energies than fermions ie. > 2.03x10**GeV .,
but< E,. Putting 2.0288x10°GeV. in the Standard Model equations (4.1. 3) & (4.1. 4).

a; @ 2.0288x10"°GeV.~34.4179+0.08 @ k(cutoff)

-1 "
a2 ............................... ~48.5707+0.04........cccovn. (42 12)
Gy e, ~50.4053£0.22...c.crrrrinnnn.

5
agy = Eagl O e, ~105.934+0.173...coccririnns

Real world high energy secondary interactions only involve «,, a, & «, but spin zero primary
interactions do not involve the weak force. Table 4.1. 1 can thus only predict a;,, ~105.921
at the cutoff compared to the Standard Model combination of (5/3)a," +a,' =ag,
~105.934+0.173 of Eq. (4.2. 12). (See Figure 4.1. 1 & Figure 4.1. 2). Also using EQ’s. (3.3.
3) & (4.2. 12) we get the primary to secondary fundamental coupling ratio y. .

Coupling Ratio y, =a; @k, ~50.405+0.22 (ie.@ 2.0288x10"GeV.) (4.2.13)
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2
If we now put Eg. (4.2. 9) into Eq. (4.2. 6) we get . ~ 2<56>§1(I: x/OJEMp))2 = 256(1+4/0!EMP ?
n cutoff LP

From Eq’s.(4.1. 2) and Table 4.3. 1 we find (1+ ,/aEMP) ~1.115 and Eq.(4.2. 6) becomes

7L ~256(1.115)? ~ 318.3 (4.2.14)

Using Eq. (4.2. 3) y¢ ~318.3 is the ratio between the primary graviton coupling to bare
preons, and the normal measured gravitational constant (Big G). In other words the primary
graviton coupling to preons is « (Primary) = (318.3)G. (Section 5.1.2, Eq. (5.1. 7)) defines
the secondary graviton coupling between Planck masses «. and section 5.3.2, Eq. (5.3. 14)
finds contrary to expectations that «, ~1/164 so as in Eq.(6.2. 7) the primary to secondary
graviton coupling ratio is y, ~164and y, ~164x318.3~52,000.) When 4. ~318.3 in
Eq.(4.2. 4) the contribution from gravity (the &’in Eq.(4.2. 4)) cancels any deficit in primary
interactions (the ¢ in Eq.(4.2. 4)) if these superpositions cutoff at Planck energy, which we
argue is true for all N =1 superpositions. (Sections 6.2 & 6.2.1 discuss N =2 superposition
E, cutoffs.) To enable high energy interactionsN =2 bosons must also cutoff at Planck
energy just as N =1 superpositions do, or as in Eq. (4.2. 10). Figure 4.2. 1 plots radial
probabilities for all n=3,4,5,6 &7 Planck Energy cutoff modes. They are identical as the
radial probability P, oc r® x Exp(n®k?r®/9), but from Eq. (4.2. 7) nk=1 in each Planck
energy mode, so they all have radial probability P, ~8.74x10°° x r°Exp(r®/9).

Planck region

.

[}
Id
%]

[}

fud

=]

All Planck energy n modes look identical

=] =]
L= n

[}
[}
]

Radial Probability —»

— Radius in Planck units.

Figure 4.2. 1

Despite each n=3,4,5,6 &7 mode having Planck energy the probability in every case of
being inside the Planck region is virtually zero at~8.9x10™".
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4.3 Solving for spin %2, spin 1 and spin 2 superpositions

Superpositions with N =2 are covered in section 6.2 but Eq.(4.2. 13) and Eq. (3.3. 22)
extended by keeping N -s constant as in Eq. (4.4. 1) allow us to solve various combinations
of spins%,1or2and N=10rN=2.

(N = 2) x (Spin 1) (N =1)x (Spin 1) (N =1)x (Spin ¥)
or (N =1)x (Spin 2) or (N =2)x(Spin %) (44.1)
4c,, *c,,(1-c,, *c,,) = 2c,, *c, (1—c,,*C,) = €4, *Ce,(1—Cq,*Cy,)
=2/ y. ~~/2/50.4053 ~0.199194
Starting with spin % we can solve this to get ¢, *C; = 0.7254 as the dominant value.
Putting C, *C; =~ 0.7254 into Eq.(4.1. 2) or alternatively using Table 4.1. 1
Gee ~| (1386256 —0.197258¢, *c, —1]2 ~75.6499™ (44.2)
2
From Eqg. (2.2. 4) the available Q*A” = [8@[@ h*k*r? with probability sN - dk

where we ignore the infinitesimal factor of (1+¢&) due to gravitons. And from Eq. (2.3. 12)

* n*h?k*r? _ [8+8\/aEMP)]Z

2A2 — c c h2k4r2
° Z o8l 37zsN
> ¢, *c,-n* ~1367.58 for (spin 1/2x N =1)
~ 683.79 for (spin 1x N =1) or (spin 1/2x N =2) (4.4.3)

~341.9 for (spin 1x N =2) or (spin 2x N =1)
~170.95 for (spin 2, N = 2) by extension.

The same primary electromagnetic coupling ag, builds all fundamental particles, allowing
Eq.(4.4. 3) to be true. Using Eq’s (4.4. 1),(4.4. 3) &chn*cn =1 we get Table 4.3. 1. We
define the coupling ratio for gravitons y. =~ 52,000 in Eq.(6.2. 7) section 6.2.6, where we
also solve infinitesimal mass graviton superpositions. In Table 4.3. 1 three member
superpositions fit the Standard Model best. In section 4.1 we solved spin Y2 superpositions
with a dominant centre mode c, *c, that fitted the Standard Model. However when solving
for spins 1 & 2 we must initially comply with Eq. (4.4. 1) which defines interaction
probabilities (see Eq. (3.3. 22) and final paragraph section 3.3.4). We must also comply with
Eq.(4.4. 3) which determines centre or side mode dominance. In this table we have also
included a massive N =1 spin 2 graviton type Dark Matter possibility interacting only with
N =2 spin 2 gravitons. There are other possibilities which we have not included. To this
point this paper has attempted to demonstrate that infinite superpositions can behave as the
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Standard Model fundamental particles. The methods used may seem unconventional, but it is
important to remember that primary interactions are very different to secondary interactions
(see sections 7& 2.2.3).These methods are however based on simple quantum mechanics and
relativity, and there is also surprising consistency with the Standard Model. If the principles
behind the outcomes of these derivations are at least on the right track and fundamental
particles can be built by borrowing energy and mass from zero point fields then, as we will
see in what follows, this may possibly have some significant and profound consequences.

Mass Type Spin | N | ¢;*C; | ¢, ™C, Cs™Cs | Co*Cq | C,*Cy
Infinitesimal mass gravitons 2 | 2]0.8346 | 2.4x10” | 0.1653

Infinitesimal mass bosons 1 | 2 ]0.4847 | 0.0526 0.4627

Massive (dark matter?) gravitons | 2 | 1 | 0.4847 | 0.0526 0.4627

Massive bosons 1 |1 0.0134 0.8878 | 0.0988

Massive fermions |1 0.1305 | 0.7254 | 0.1441

Table 4.3. 1 Approximate probabilities for various possible superpositions.

5 The Expanding Universe and General Relativity

5.1 Zero point energy densities are limited

If the fundamental particles can be built from energy borrowed from zero point fields and as
this energy source is limited, (particularly at cosmic wavelengths) there must be implications
for the maximum possible densities of these particles. In section 2.2.3 we discussed how the
preons that build fundamental particles are born from a Higg’s type scalar field with zero
momentum in the laboratory rest frame. In this frame they have an infinite wavelength and
can thus be borrowed from anywhere in the universe. This would suggest that there should be
little effect on localized densities, but possibly on overall average densities in any or all of
these universes. So which fundamental particle is there likely to be most of? Working in
Planck, or natural units with G=1 we will temporarily assume the graviton coupling
constant between Planck masses is one. (We will modify this later but it helps to illustrate the
problem.) As an example there are approximately M ~10* Planck masses within the
causally connected or observable universe. They have an average distance between them of
approximately the radius R, of this region. Thus there should be approximately M ? ~ 10"
virtual gravitons with wavelengths of the order of radius R, within this same volume. No
other fundamental particle is likely to approach these values, for example the number of
virtual photons of this extreme wavelength is much smaller. (Virtual particles emerging from
the vacuum are covered in section 6.2.2.) If this density of virtual gravitons needs to borrow
more energy from the zero point fields than what is available at these extreme wavelengths
does this somehow control the maximum possible density of a causally connected universe?
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5.1.1 Virtual Particles and Infinite Superpositions

Looking carefully at Section 3.3 we showed there that, for all interactions between
fundamental particles represented as infinite superpositions, the actual interaction is only
between a single wavenumberk superposition of each particle. We are going to conjecture
that a virtual particle of wavenumber k for example is just such a single member. Only if we
actually measure the properties of real particles do we observe the properties of the full
infinite superposition. The full properties do not exist until measurement, just as in so many
other examples in quantum mechanics. We will use this conjectured virtual property below
when looking at the probability density of virtual gravitons of the maximum possible
wavelength. These virtual gravitons would be a superposition of n=3,4,5 modes of
wavenumber k asin Table 4.3. 1.

5.1.2 Virtual graviton density at wavenumber k in a causally connected Universe

From here on we will work in natural or Planck units wherez=c=G =1.

General Relativity predicts nonlinear fields near black holes, but in the low average densities
of typical universes we can assume approximate linearity. The majority of mass moves
slowly relative to comoving coordinates so we can ignore momentum (i.e. # <<1), provided
we limit this analyses to comoving coordinates. In these comoving coordinates the vast
majority of virtual gravitons will thus be time polarized or spherically symmetric which we
will for simplicity call scalar. We should also be able to simply apply the equations in
sections 3.4 & 3.5 to spin 2 virtual graviton emissions, as they should apply equally to both
spins 1 & 2. We will assume spherically symmetric | = 3 wavefunctions emit both spin 1 & 2
scalar virtual bosons, and | =3, m=+2 states can emit both m=+1 spin 1 bosons and
m=+2 spin 2 gravitons. Section 3.4 derived the electrostatic energy between infinite
superpositions. In flat space we looked at the amplitude that each equivalent point charge
emits a virtual photon, and then focused on the interaction terms between them. Thus we can
use the same scalar wavefunctions Eq’s. (3.4. 1) for virtual scalar gravitons as we did for
virtual scalar photons. Using (v, +v,) * (v, + v,) =, Xy + v, *w, + v, *w v, *w, we
showed in section 3.4.1 that the interaction term for virtual photons is

4k
4rnr,

5.1.1
e (%) cosk(r, —r,) ( )

Wiyt =

This equation is strictly true only in flat space but it is still approximately true if the
curvature is small or when 2m/r <<<<1, which we will assume applies almost everywhere
throughout the universe except in the infinitesimal fraction of space close to black holes. In
both sections 3.4 & 3.5, for simplicity and clarity, we delayed using coupling constants and
emission probabilities in the wavefunctions until necessary. We do the same here. There will
also be some minimum wavenumber k which we callk,;, where for allk <k, there will be
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insufficient zero point energy available. We want Eq. (5.1. 1) to still apply at the maximum
wavelength wherek .. 1/ Ry, (=1/ Ryperaeunerse) - 1IN Section 6 we find gravitons have an
infinitesimal rest mass m, of the same order as this minimum wavenumberk_. . At these
extreme k values this rest mass must be included in the wavefunction exponential term. It is
normally irrelevant for infinitesimal masses. Section 6.2 looks at N = 2 infinitesimal rest
masses finding (K, . ) ~1. Using Eq.(3.1. 11) with z=c =1

_ s<n>2 k. <n>2 Koin (k..

—— ~1 and for spin 2 gravitons n)k
. m, (5.1.2)

From Table 4.3. 1 we find
For N =2 spin 2 gravitons (n)~3.33 sothat m;~3.33k (5.1.3)

—Mgr

This virtual massm, introduces an extra exponential decay term e ™' in the virtual graviton

wavefunction Eq. (3.4. 1) e ¥ 5 g kg™ _y o (MM Define k' using Eq. (5.1. 3)
K'=k+m,~k+333k and k. ~k 1333k =~433k, (5.1.4)

min

The normalized virtual graviton wavefunction in Eq. (3.4. 1)

ol g krike Fek'mikr (5.1.5)
w=,— becomes —
dzr r Az r
Thus the interaction term in Eq. (5.1. 1) becomes
ak' 51.6
ViV, W Ty = ——e k(rlJer)COSk(rl—rz) ( )
4rnr,

Using Figure 3.4. 2 let point P now be anywhere in the interior region of a typical universe.
Let the average density be p, (subscript u for homogeneous universe density) Planck masses
per unit volume. Consider two spherical shells around point P of radii r, & r, and thicknesses
dr, & dr, with masses dm, = p,dv, = 4zr’drp, & dm, = p,dv, = 4zr’dr,p, . Now we expect
the graviton coupling constant « to be =1 between Planck masses but because we do not
really know this let us define

The Secondary graviton coupling constant between Planck masses =« (5.1.7)
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Section 3.4.1 in Eq. (3.4. 3) used a scalar emission probability (2« / 7)(dk / k) which becomes
(2a I 7)(dk / k) between Planck masses. (We return to this in section 5.3.2) Now quantum
interactions are instantaneous over all space but distant galaxies recede at light like velocities.
However at the same cosmic time T in all comoving coordinate systems, clocks tick at the
same rate, and a wavenumber k (or frequency) in one comoving coordinate system measures
the same in all comoving coordinate systems. Thus as we integrate over radii r, &r, =0 — «
we can still use the same equations as if the distant galaxies are not moving. (The vast
majority of mass is moving relatively slowly in these comoving coordinate systems and we
return to this important comoving coordinate property in section 5.3.1). Using this new
coupling probability between Planck masses (2« / z)(dk / k) we can now integrate over both
radiir, &r,; but to avoid counting all pairs of masses dm, & dm, twice, we must divide the
integral by two. The total probability density of virtual gravitons at any point P in the
universe at wavenumber Kk is using Eq.(5.1. 6)

pu 4k’ —k'(r+1,)
—o,— 47rr dr, - 47rr dr, . ——e """ cosk(r, -,
Pox = 2 ﬁO'LL 4rrr, (h=r)

k' ,
=16a,p. ?dk ” rre %) cosk(r, —r,)

00—

Expanding cosk(r, —r,) = coskr, coskr, +sinkr, sinkr, , then using:

T rExp(—k'r)coskr = _KE-kT and T rExp(=k'r)sinkr = AL
r=0 (k'2+k2)2 o (k 2+k2)2

(k,2 LK) K’ 1 (5.1.8)
yle|dS ka _16aGpU k W 16&Gpu ?dk —(k’2 N k2)2

From Eq.(5.1. 4) k'=k+m, ~ k+3.33k,,, and we can write Eq.(5.1. 8) as

2
: k
o =160 0] o k333K, dk = > =16aG'Z—“dk X333 - Where x = —
((k +3.33k,,,)* +k%) Kmn  X((x+3.33)° +x°) Kinin
| |
. " . 0.178a,p) |90  x+333
Wavelength k Graviton Probability Density pg, ~ #d“ i > |
min L ((X+3 33 J (51 9)
. : 0.178a o k
Maximum wavelength Probability Density pg, ... = #dkmin when PR x=1
As we think K ... will prove to be a universal constant scalar we will write this as follows.
. , 0.178a.p¢  (5.1.10)
Maximum wavelength Probability Density pg, i = Kgymin 0K Where K, o0~ %

min
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5.2 Can we relate all this to General Relativity?

The above assumes a homogeneous universe that is essentially flat on average. At any cosmic
time T it also assumes there is always some valuek,.. where the borrowed energy density
Ecmin = Espmin the available zero point energy density@Kk,,,. It is also in comoving
coordinates. At the same cosmic time T, all comoving observers measure the same
probability density Pgmin = KeymindKnin @S in EQ. (5.1. 10). So what happens if we put a small
mass concentration +M, at some point? The gravitons it emits must surely increase the local
density of k.. gravitons upsetting the balance between borrowed energy and that available.
However General Relativity tells us that near mass concentrations the metric changes, radial
rulers shrink and local observers measure larger radial lengths. This expands locally
measured volumes lowering their measurement of the background pg, ., . But clocks
slowdown also, increasing the measured value of k. . Let us look at whether we can relate
these changes in rulers and clocks with the g, i = Kgimin @K O EQ. (5.1. 10).

5.2.1 Approximations with possibly important consequences

Radius I >> 1,

Central observer r
; E 1 .
at point P

N

Mass M,

Spherical shells thickness dr

& mass dm = 4zp, rdr

Figure5.2. 1

Let us refer back to Eq. (3.4. 2) and the steps we took in section 3.4.1 to derive it; but now
including k" =k +m, ~ k+3.33k,,,as in Eq.(5.1. 4)

4k’
4rnr,

(5.2. 1)

YW, Ty = e K (%) cos[k(r, —1,)]
And assume that space has to be approximately flat with errors c1-(1-2m/ N"?~=mlr. If
we now focus on Figure 3.4. 2 , equation (5.2. 1) is the probability that a virtual graviton of
wavenumber Kk is at the point P if all other factors are one. Let us now put a mass of m,
Planck masses at the Source 1 point in Figure 3.4. 2 or as in Figure 5.2. 1. Also assume that
the point P is reasonably close to mass M, (in relation to the horizon radius) at distance I, as
in Figure 5.2. 1 and the vast majority of the rest of the mass inside the causally connected or
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observable horizon Ry, is at various radii r, equal to I, of Eq. (5.2. 1) where I, =1 >> 1, and
thus cos[k(r, —r)] ~ cos(—kr). Only under these conditions can we approximate Eq. (5.2. 1)

as

! , 52.2
4k e ¥" cos(—kr) ( )

X W KW~
ViTWL, T, 4

As we have assumed average particle velocities are low ( relative to comoving coordinates)
this is a scalar interaction (as in section 3.4.1) and as there are no directional effects we can
consider simple spherical shells of thickness dr and radius r around a central observer at the
point P which have mass dm= p, 4rrdr. At each radius r the coupling factor
(2a ! 7)(dk / k) we used in Eq. (3.4. 3) using Eq. (5.1. 7) becomes (2¢, / z)(dk / k) between
Planck masses and again we use the fact that all instantaneously connected comoving clocks

tick at the same rate.
2a.m dk 2a.m, dk
lina f S i gm— =25 TR S Ay
Coupling factor - dm " J— Py 4mrdr (5.2.3)

Including this coupling factor in Eq. (5.2. 2)

2,m, dk 2a5m, dk A g
(FET T aardn) v, 4y, ) | T dnridr || =—e™ cos(—kr)
k T k m’ll’

. ” re”™*" cos(~kr)dr (5.2. 4)

This is virtual graviton density at point P due to each spherical shell. (Ignoring the relatively
small number of particularly k ,, gravitons emitted by mass m, itself, see addendum 8).
Integrating over radius r=0— o the virtual graviton density at wavenumber k using
Eq’s.(5.1. 4) & (5.2. 4)

8p, k'dk % :
Ape = ag My S T_[re‘k’ cos(—kr)dr
0

r =

=aG

m, 8p, k'dk | (k”*-k?) (5.2.5)
r o7k | (K?+k?)?

Now k' — k+m, ~k+3.33k_.. and ifk =k, then k'~ 4.33k . and so when k =k_ :

Aka min R aG

ﬂ&ou 4'33kmindkmin |: ((4'33kmin)2 _ krf]in) :|

L K. ((4.33k,, )2 +k2 ) (5.2. 6)
~ o, 1050182 ok,
r1 min
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Equation (5.1. 10) suggests Pgemin = KokmindKmin - 1N cOMoving coordinates in a metric far
from masses &g, =7,,, K, hasits lowest value. As we approach any mass K, increases
to k! where we use green double primes wheng, =7, to avoid confusion with the

min uv uv
k"&k! ~—of Eg.(5.1. 4). At a radius r from mass m the Schwarzchild metric is

min

(1—2m/r)*? for the time and radial terms. Radial rulers shrink and clocks slow, measured

. . m .
volumes and frequencies both increase locally as~1+— .Thus using Agmin = KeimindKnin
r

moVeAV AV ko dkn, pl (5.2.7)

min

rov Vo K BKen P

min min

fr>>m; 1+

So in this metric the total number of k_, gravitons is the original(g,, =7,,) Pgmn Of EQ.
(5.1. 10) plus the extra due to a local mass of Eq. (5.2. 6), but we have to divide this number

by the increased volume to get the new density p., ... = 1+ m),okain . Thus using Eq. (5.2. 7)
r

" Pokmin T Mokmin _ Pokmin T Mok
1 - min min min min
New Pokmin ~

_ 52.8
~(1+m/ 1 )pg i, implying Mzzﬂ ( )
1+AV IV @+m/r) Peskmin r

Using Eq’s. (5.1. 9), (5.2. 6) & (5.2. 8) and dropping the now unnecessary subscripts, the
graviton coupling constant ¢, cancels out:

5.2.9
aq [m}0.5018pz“dkmm : - (.2.9)
Akamin ~ r kmin ~ rm—| 2825kmsz Zm
2
Pakmin 00178 20 dk rL A '

(Strictly speaking we should be using dk, .. in the top line of this equation but the error is
second order as we are approximating with r >>> m. We will do this more accurately below
for large masses.) For the above to be consistent with General Relativity this suggests that:

“At all points inside the horizon, and at any cosmic time T, the red highlighted part is = 2 in
Planck units. This is simply equivalent to puttingG/c* =1=G =c”.

Thus we can say
2

The average density of the universe p, = (1.412)k>. ~1.412

min 2

ou (5.2.10)
Where the parameter Y =k . R, isin radians, and Y is close to 1.

Putting Eq. (5.2. 10) the average density p, into Eq. (5.1. 10) gives Pgymin & Ky min -
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0.178c, p!
%dkmin

min

Maximum Wavelength Graviton Probability Density pg, .., ®

0.178a, (1.412k?, )
P = L2780 LA 2K ) 4 0 3550, k., = K gk (5.2. 11)

— TN¥Gkmin ¥ M min

min

Where we label K ~0.355¢ as "The k,, Graviton Constant".

Gk min
If our conjectures are true, this is the number density of maximum wavelength gravitons
excluding possible effects of virtual particles emerging from the vacuum. In section 6.2.2 we
argue these do not change the Kg,,,,, of Eq. (5.2. 11). However K, .. does depend on the
graviton coupling constant «. between Planck masses, but«, cancels out in Eq.(5.2. 9).

It does not affect the allowed universe average density p, in Eq. (5.2. 10).

5.2.2 The Schwarzchild metric near large masses

At a radius r from a mass m (dropping the now unnecessary suffixes) the Schwarzchild

metric is (L—2m/r)*"? for the time and radial terms which can be written as
1 1 (5.2.12)

1
E:\h—Zm/r:m: I

Velocity f,, (¢ =1) is that reached by a small mass falling from infinity and ﬁﬂl is the metric

change in clocks and rulers due to massm . We are using green symbols with the subscript v
for metrics g ,, =7, as we did for k. above. The symbols yfﬂl help clarity in what follows.

uv v min

om | 1 1]
R T
r 1-2m/r Joo (5.2.13)
Using these symbols Kiin = VKo & k= 7 dkpy,

"
Pokmin = 7m Pakmin

In sections 5.1.2 & 5.2.1 we approximated in flat space. The wavelength of k_.. gravitons
span approximately to the horizon. They fill all of space. We can think of the space around
even a large black hole as an infinitesimal bubble on the scale of the observable universe. The
normalizing constant of a k,, wavefunction emitted from a localized mass is only altered

very close to this mass. Over the vast majority of space it is unaltered. Only close to this mass
will local observers measure k. =y, k.., due to the change in clocks. There is also a local
dilution of the normalizing constant due to the change in radial rulers. We will consider both
these changes in two steps to help illustrate our argument. Now repeat the derivation of
Apgmin @S 1N section 5.2.1 but with a large central mass as in Figure 5.2. 1.

!

At the point P consider Eq. (5.2. 2) w,*w, +w,*y, = e “"cos(—kr). The red part is

Arnr
the normalizing factor discussed above where we will initially ignore the dilution due to the
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local increase in volume. The green k'r & kr can be thought of as invariant phase angles. So

if we ignore the dilution factor this equation is unaltered. However the coupling factor
contains all the masses in the universe and the local massm . But in the Schwarzchild metric
this is the mass dispersed at infinity before it comes together. At a radius r it is measured as
7,m . For the same reasons all the mass in the universe is increased by the same factor y,, .

We are left with the factor%dk—m‘” which is the same as 20 Ky = 206 14 Ko in the

n
T I(min 7 I<min T 7M I(min

changed metric. So if we ignore the dilution factor and consider only clock changes Eq. (5.2.
6) becomes, dropping the now uneccesary subscripts

m
With only time change and no dilution Apg, = ey ?0.5018/)2—Udkmin

min

2m
But 2 ~1.412 from Eq.(5.2. 10) S0 Apgumn o 70-3540!Gdkmm

2
min

2m .
Equ’s. (5.2.11) & (5.2. 13) are K. ~0.354c and f3;, = ~ sowe finally get

Before dilution of the normalization factor Apg ., # A4 7 0 KakminOKoin (5.2.14)

So the total k_, graviton density before dilution is the original pgmin ® KeiminGKmin PIUS the
extra Apg .. ® Po7uKemndK. . So before dilution

kamin (TOtaI) = Kkaindkmin + ﬂl\zll 7!\2/I Kkaindkmin = (1+ ﬂl\z/l 7/’\2/| )Kkaindkmin

2
But (1+ 272 )=1+-Lu__ 2
@+ Barw) g
So undiluted pg, ... (Total) =y K, . dk

Gkmin min

(5.2. 15)

If we now increase the volume to that in the new metric, the new volume is /g, =y,, times
the original volume. So in the new metric we must divide this value by y,, .

: * K mindKe; 5.2.16
In the new metric pg, ... = P Kaimio @K _ 7 KekminOKimin = KormindK ( )

min
’m

If for example y, =2, frequencies are doubled so k. =2K..,

the number density of
gravitons ( o2, .in = 2Pekmin ) 1 doubled, but so is the measurement of a local small volume
element, which is now V =2 . The above equations tell us that the original pg, ., background
gravitons which occupied one unit of volume is now compressed into 1/2 a unit of volume
and the remaining 3/2 units of volume is taken up by the gravitons due to the central mass.
Figure 5.2. 2 illustrates this. The metric appears to adjust itself so that K, ., (the maximum
wavelength graviton probability constant) is an invariant scalar. (See Figure 5.3. 8 also.)
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Measured local volumes double, & 3/2 units of volume x
the increased number density equals the extra maximum
wavelength gravitons at that point due to a central mass.

The background %_._ gravitons that originally occupied one

/unit of volume are compressed into 1/2 a unit of volume as

number densities are doubled in this new metric.

Figure 5.2. 2 An infinitesimal local volume in a metric where \/g,, =,, =2.

5.3 The Expanding Universe

Section 5.1.1 conjectures that virtual gravitons are single wavenumber k members of
superpositions, of widthdk . They are thus using Eq. (2.1. 4) wavefunctions y, occurring
with probability sN -dk / k, but we have aready included the factors dk/k in deriving Eq’s.
(5.1. 9), (5.2. 6) & (5.2. 11). The number density of y, wavefunctions is simply
P, =SN pg, =4pg Tor spin 2 & N =2 gravitons. To get the number density of gravitons at
any wavenumber k we can rewite Eq. (5.1. 9) using Eq.(5.2. 10) for p] /k:, & Eq.(5.2. 11)

) ~0.178056,%20”(@ X+3.3 103550( dk@ X+3.3 |
ok {X((x+3.33)2+x2)2J ’ {X((x+3.33)2+x2)2J

min

(5.3. 1)

[90 { (X +3.33)

= Ns =4 ~ 4x0.355¢.dk| —
Py Pok = Psk G L X | [(x+3.33)2 + X

H where x= K
k

The blue part of Eq. (5.3. 1) isone when k/k_. =x=1.

From Eq.(3.2. 1) the vacuum debt for a superposition is ~ (p, (debt))=—(2, )2 (n) k.
2

Ky ) |

1+(K, )’

—

Using Eq’s. (3.1. 11), (3.1. 12) & (3.2. 10) <ﬁk>2 =

n)k
For N =2spin2 (K, )= {n)k and from Eq. (5.1. 3) m, ~ 3.33k . from which we can show
0
2 |(2 X2 K
= = where x=——om».
() K2+k 2 x*+1 k

From Table 4.3. 1 (n)z3.33 for gravitons. Each wavefunctiony, borrows from the zero
(3.33)x?

1 wavenumber k quanta. The quanta density required @k by
X"+

point fields(z, )" (n)~

gravitons is:
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2 [_ _|
PQuanta@ k zwx 4X03556‘(Gdk %r (X+3233) _ 2—|
x | [(x +3.33)2 + T |

x? +1

Lok z2.36aGdk[_ 1280)( (X+3'§3) > 2_] & when L: Xx =1 (5.3.2)
L(x +1) [(x+3.33)" + x“] J

min
pQuanta@kmin = kamin ~ 2'360((3dkmin

But the density of zero point modes available @Kk, is k

z.dk/z?* (ignoring some small
factors). Even if o, <<1 this is too small by aboutk?, ~1/R:, . However the area of the
causally connected horizon 47RZ,, suggests possible connections with Holographic horizons

and the AdS/CFT correspondence [14].
5.3.1 Holographic horizons and red shifted Planck scale zero point modes

Malcadena proposed AntiDesitter or Hyperbolic spacetime where Planck modes on a 2D
horizon are infinitely redshifted at the origin by an infinite change in the metric. In contrast
we have assumed flat space on average to the horizon. In section 2.2.3 we defined a rest
frame in which zero momentum preons with infinite wavelength build infinite superpositions.
If we also have a spherical horizon with Planck scale modes, but here receding locally at the
velocity of light, these Planck modes can be absorbed by infinite wavelength preons (from
that receding horizon) and red shifted in a radially focussed manner inwards. We will argue
in what follows, that at the centre where the infinite superpositions are built, approximately
1/6 of these Planck modes can be absorbed from that horizon with wavelengths of the order
of the horizon radius. This potential possibility only exists because zero momentum preons
have an infinite wavelength. If any source of radiation recedes at velocity g=v/c the
frequency/wavenumber reduces as k... =Ko, [7@—3)] Wherey =(@1-4%)"?. In the
extreme relativistic limit # —1 & we can putl- f=Af=¢.

Putting1- 8 =Ap =¢ implies f=1-g and B> ~1-2¢
1-B°=y?=~2¢sand y =1/ +2¢ (5.3.3)

Thus kobserver :[}/(1*ﬁ)] ~

Source

There is always some rest frame travelling at nearly light velocity that can redshift Planck
energy modes into a k,, =1/R,, mode and also many other frames travelling at various
lower velocities that can redshift Planck energy modes into any k >k, mode . This is
special relativity applying locally. But in sections 5.1.2 & 5.2.1 we used the fact that clocks
in comoving coordinates tick at the same rate. So how does Eq.(5.3. 3) help? Space between
comoving galaxies expands with cosmic or proper time t and is called the scale factora(t). It
is normally expressed as a(t) o tP

71



. _ : 53.4
Thus a(t) o pt* “and the Hubble parameter H (t) = % sz ( )

a
Writing the present scale factor normalized to one so that a(T) =1 impliesa(t)=t" /T" we

can get the causally connected horizon radius and the horizon velocity V. Using Eq.(5.3. 4)

p p 53.5
The horizon radius R, = . =T p.[ﬂ - only when p is constant. ( )
5 a(t) ot7 1-p

. . dR d tdt| T R ) p
The horizon velocity V = —2% = — | T?| = |=— 4+ 20 (pT ") =1+ =R
Y dT dT{ jtp} T® T"(IO ) T ™

0

But TB is the current Hubble constant so horizon velocity V =1+ H(T)R,,, (5.3.6)

Now the receding velocity of a comoving galaxy on the horizon is V'=H (T)R,, and thus
from Eq.(5.3. 6) the horizon velocity is alwaysv =1+V’. In other words the horizon is
moving at light velocity relative to comoving coordinates instantaneously on the horizon as
measured by a central observer. Now clocks tick at the same rate in all comoving galaxies but
clocks moving at almost the horizon light velocity (relative to comoving coordinates
instantaneously on the horizon) will tick extremely slowly or as 1/y from Eq.(5.3. 3) as
special relativity applies locally in this case. Thus Planck modes on the receding horizon will
obey EQ’s.(5.3. 3) as seen in all comoving coordinates. Let us now imagine an infinity of
frames all travelling at various relativistic velocities relative to comoving coordinates
instantaneously on the horizon and radially as seen by central observers. We can think of
these as spherical shells on the horizon all of one Planck length thickness as measured by
observers moving radially with them. Transverse dimensions do not change for all radially
moving observers and the effective surface area of all these shells is4zR2, . The internal
volume of all these shells as measured in rest frames by observers moving radially with them
as each of these observers measures their thickness as one Planck length is

Rest frame internal shell volume V =47R’, AR =47R’, (5.3.7)

We want the zero point quanta available where these quanta have Planck energy AE lasting
for Planck time AT such thatAE x AT ~ 7/ 2. Before redshifting a single zero point quanta
thus has Planck energy (temporarily using a single primed k’that is not thek' of Eq. (5.1. 4))
where k'=1 before redshifting and k after redshifting. The density of Planck energy zero
point modes in this shell is k'?dk’/ z* and at energy k’/2 per mode this is equivalent to

k'?dk’ . . . .k dk  (53.8)
d quanta, which we will write as zero point quanta density o
T

2
T

Now at Planck energy k'=1 and we are redshifting to k where from Eq’s.(5.3. 3)
k=k'\Ne/2 & dk =dk'\e/2 . Thus dk’/k’=dk /k. As k=1 Eq. (5.3.8) becomes
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1 dk’ 1 dk (5.3.9)

Planck Energy Zero Point Quanta Density before redshifting = —; =——
275 k' 2z° K

Now multiply density by volume ie. Eq’s. (5.3. 7) & (5.3. 9) to get the total Planck energy

. L 1 dk .
zero point quanta inside the rest frame shell as 47R_,, Py Two thirds of these quanta
VA

are transverse and one third radial so only of these quanta are available for redshifting

radially inwards. Using Eq.(5.2. 10): After redshifting to wavenumber k these quanta have

) 1 1 k., Ry k. . 47R: Tk T
radius R'~ A, =—=——-m =98 and thus occupy spherical volumeV '~ idd ] oH | K | _
k k. k Y K 3 | k
Againusing Y =k, R, the effective quanta density becomes
3 3 2 2 2
Pauantaek ~ r4”RSH 12%1 3Y3 FLW ~ dekr k| ~ dek-x2 wherex:kmin
L 27° k J47ZROH LkminJ 4 LkminJ 4 k

These quanta are half scalar and half the vector required to build infinite superpositions.

o (5.3. 10)

Density of vector quanta available after redshifting p, ~ —;
T

Now an observer at the centre of all this sees space being added inside the horizon at the rate
of the horizon velocity V =1+ H(T)R,,, as in Eqg. (5.3. 6). We will conjecture that the space
added in one unit of Planck time inside the expanding horizon also creates the source of these
zero point quanta that we can borrow. Thus Eqg. (5.3. 10) becomes

_ _ Y21+ H-R (5.3.11)
Density of vector quanta available p, = dk = M x*dk

Y[ kT
I(min

87’ L 87

5.3.2 Plotting available and required zero point quanta

o <—— Quanta available
-

z kmin

3 N Quanta reqired
< == X=——

Figure5.3. 1
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Figure 5.3. 1 plots Eq’s. (5.3. 2) & (5.3. 11) as a function of x=k/k,,, and when k =k

n

Wwe can equate these

2

: V :
Quanta available ~ dk,;, = Quanta required =~ 2.36a,dk ;, = Kg, i, 0K

2 Qk min min
i , (5.3.12)
Where K, i, = 2.36ais the "Quanta required @ k;, Constant " & g » %

2

. . . Y
Equation (5.2. 10) the average density of the universe p, ~1.41—— allows us to solve the
OH

present value of Y =k . R,, . Usingthe 9 year WMAP (March 2013) data for Baryonic and

Dark Matter density and radius R, ~2.7x10°% Planck lengths (~46x10°light years) puts
Py xRZ, = 0.37in Planck units. Thus p, x RZ,, ~1.41Y? ~ 0.37 yields

The current value for Y =k, R,, =0.51 (5.3.13)
0.6 - <——
05 © Currently Y ~0.51 / Big Bang
0.4
Py RCZ)H T N
0.3 WMAP value p, xRS, ~0.37
0.2}
— Future
0.1:
Y =Kk,,Roy radians —

01 02 03 04 05 06
Figure 5.3. 2 Plots p, x R, ~1.41Y°

Figure 5.3. 7 plots Y ~ 0.65Exp(—0.24t) from Eq.(5.3. 20) out to 10 times the current age of
the universe showing the exponential decrease with time. The current Horizon Hubble
velocity V =1+ H(T)R,, = 4.35 and putting this and Y = 0.51 into Eq. (5.3. 12) we can solve
the approximate graviton coupling constant «, .

Y/ 1 (5.3.14)
T 187 164

Qg

The actual value for « is less important than the form of this equation as provided Eq. (5.2.
10) p, xRZ, ~1.41Y%is true (or in other words all comoving observers measure the
maximum wavelength graviton probability density K, .., as in Eq. (5.2. 11) GR is still true
locally regardless of graviton couplinge, . The normal gravitational constant (big) G is
directly related to the metric change of GR, and if GR is true locally then G will not change,
as it is independent of graviton coupling o . Because Eq. (5.3. 14) depends on the actual
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present values for Y &V it must be approximate. The above analysis is based on a receding
horizon source of cosmic wavelength quanta that can only be borrowed if preons are born
with infinite wavelength, but as we will see exponential expansion seems to follow naturally
from Eq. (5.3. 14). It also strongly suggests that if fundamental particles are in fact built from
infinite superpositions that borrow quanta from zero point vector fields, then graviton
coupling «. between Planck masses must be much less than 1. So are there possible
consequences of this?

5.3.3 Possible consequences of a small gravitational coupling constant.

In quantum mechanics forces between charged particles are due to the exchange of virtual
bosons. All scattering crossections are calculated from the exchanged 4 momenum of these
bosons. General Relativity suggests that the forces of gravity are fictitious and only seem real
due to the change of the metric. This paper proposes that the change in the metric around
mass concentrations is consistent with keeping the K, .., of Eq. (5.2. 11) constant. These
changes in the metric are about 164 times greater than the coupling constant suggests. We are
suggesting in this paper that spin 2 gravitons only cause changes in the metric by the need to
keep pu.min @t its appropriate value. The attempts to develop a quantum field theory for
gravitons have difficulty with the infinities at Planck energies that are not renormalizable.
They assume a gravitational coupling constant of one between Planck masses. This could all
change if this coupling constant is in fact about 164 times smaller, as Planck energy gravitons
would no longer automatically form Black holes.

5.3.4 A possible exponential expansion solution and scale factors

Let the scale factor be a then density p o« % and Eqg. (5.2. 10) tells us the average density of
a

2 2

. Y Y 1 .
the universe p, ~1.41——sothat p, = K ——=— where K =1.41 is constant.
Rou Row @
Thus a°=KR*Y? sa=KR¥**Y™?® where R=R,, (5.3.15)

The Hubble parameter H is

a
T a KRy KRy 23 3| Rdt Y dt |

5.3.16
Thus the Hubble Horizon velocity @ R, isV'=H R = gl'd_R_Ed_Y_l ( )
3l dt Y at |

We can also write Eq.(5.3. 14) Y2V ~164c, = a constant, hence Y?dV +2YdYV =0.
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1 dv 1dY . . dR R
Thus Ldv_ 1dr and Eq. (5.3. 6) tells us that the Horizon velocity V = —%%- = d—.
2V dT Y dT dt dt
Equation (5.3. 6) also tells us that V' = H - R =V —1 so we can write Eq. (5.3. 16) as
Y R dVv vV VvV 5.3.17
sy ny_av - 2RAY_2RAV]  , RAV. dv V. o (3317
L Y dt 2V dt J V dt dt R

We will look for an exponential increase of the horizon velocity so dV /dt >0and 3<V <.

Let us try first a simple V =3Exp(bt) with v > 3for all values ofb &t >0.
_ 3[Exp(bt) —1]
—

Putting this value for R plus V =3Exp(bt) & V —3=3[Exp(bt)—1] into Eq. (5.3. 17)

Also simplyput R = j;th = I;sExp(bt)dt thus R

dav VvV b

ButV = 3Exp(bt) and again ‘Z—\t’ _ %[3Exp(bt)] _ 3bExp(bt) . Thus Eq’s. (5.2. 10) & (5.3. 14)

are consistent withV =3Exp(bt) for positive b regardless of the value of graviton coupling o,

3[Exp(bt) —1] b0, (5.3.18)

A possible expansion solution is V =3Exp(bt) & R = .

But is this consistent with the local special relativity requirement forR,, ? In other words

doesR@time T = a(T)J‘OT afi:) _ 3[EXP(ET) ~1]

? Now Eg. (5.3. 15) tells us the scale factor

a’ =KR*Y 2 »>a=KR¥*Y??but Eq.(5.3. 14) says Y* «c1/V so the scale factor a oc VY*R??.

From Eq. (5.3. 18), ignoring the constant factors 3 & b, V o Exp(bt) & R oc[Exp(bt) —1]

The scale factor a(t) o« Exp(bt)"*[Exp(bt) —1]*° 5.3.19)

ThusR:a(T)jT%
0 a

13 2/3 T dt
=Exp(bT) " [Exp(bT)-1] Io Exp(bt)"*[Exp(bt) —1]*"°

_ 3[Exp(bT) 1]
b

And Eq. (5.3. 18) appears to be a consistent exponential expansion for both V and R.
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1 dv 1dY ]
From Eq.(5.3. 14) we showed — —=-——_. Using Eqg. (5.3. 18) V =3Exp(bt) &
q.( ) N dT - rdT g Eq. ( ) p(bt)

dv N
E=3bExp(bt) impliesY = K - Exp(—bt/2). The current value of Y =0.51 from Eq.(5.3.

13) and our best guess of b ~ 0.48 from Figure 5.3. 3 yields

Y =k, R,y ~0.65Exp(—0.24t) in radians (5.3. 20)

min

é :f Hubble parameter
= 10¢ / H ~1/T now if b ~0.48
Il
~ 33 /,,/"’ . Halways 2/3t if b=0
< 06f
o gaf
8 oot Figure5.3. 3
T . . . b —
02 04 0B 08 10
:
2 Shaded Area R = j Vdt
oC 0
= T
5 = jo 3Exp(0.48t)dt
- 3[Exp(0.48T) - 1]
I =
Jof 0.48
z 2r T dt
g2 =a(m) —
o 1f a(t)
Z
E«. L Timet—
5 0.2 0.4 0.6 0.8 1.0
= Figure 5.3.4

b~ 0.48 is based on
Hubble zi now
T

and is best guess.

Scale Factor a(r) —

. Timet—
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Ok // b=0.3
\u‘% AL . L/Timet—>
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T os \ Big Bang / Y ~ 0.51 radians now
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5.3.5  Possible values for b and plotting scale factors

This simple exponential expansion starts at the Big Bang and is very different to the current
cosmology models that keep a constant horizon velocity until Dark Energy starts to take
effect. This continuous exponential increase could well lead to slightly different values for
the radius R,,, and also possibly the age T ~13.8x10° years. (Some recent observations [1]
have also been questioning the leading current dark energy explanations of acceleration).
Current cosmology models put the Hubble parameter as H =a/a~1/T at present (based on
T ~13.8x10° years). It also simplifies the plots above if we putT ~13.8x10° years =1 with
R,y or radius R becoming multiples of T =1. Using Eq. (5.3. 6)V =1+ H(T)R, Figure 5.3.
3 plots the Hubble parameter by time (T =1)now as a function of the exponential time
coefficient b showing if b=0 thatH always=2/(3t) as in current cosmology at critical
density with no dark energy. Also if H ~1/T now the best guess is b ~0.48. This yields
R ~3.85T or ~15% greater than current cosmology. Figure 5.3. 4 plots horizon velocity &
Figure 5.3. 5 the scale factor based onb ~ 0.48, but of course the actual value of b or rate of
change with time must be in agreement with the redshifts currently observed when looking
back towards the big bang. These could well change b and radius R. Figure 5.3. 6 plots the
transition to positive acceleration of the scale factor showing the effect of changing the value
of b. Figure 5.3. 7 plots Eq.(5.3. 20) Y =Kk,;,R,, = 0.65Exp(—0.24t) outto 10 T.

min
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5.3.6 An infinitesimal change to General Relativity effective at Cosmic scale
Section 5 is based on energy in the zero point fields being limited. We argued that uniform
mass density throughout the cosmos has probability density pg, ... 8 in EQ. (5.2. 11). At this
probability density the zero point quanta density available equals that required. To maintain
this required balance (see Figure 5.3. 1) we argued that around any mass concentration the
curvature of space expands space locally so as to keep K,,., =0.355¢as in Eq. (5.2. 11)
constant at all points. In other words our conjecture only works if the local curvature of space
depends on the difference between the local mass density and the uniform background.
Compared to General Relativity this is an infinitesimal change except at cosmic scale. GR
says the curvature of space depends on local mass density whereas we argue that it depends
on the difference between local mass density and the average background. This automatically
guarantees the universe to be flat on average. All our aguments in Section 5 start with flat
space on average. The equations of GR would look almost identical except the Energy
Momentum Tensor T, in comoving coordinates requires T, the mass/energy density to
change from p to p — p, where the density of the universe p, isas in Eq. (5.2. 10).

In comoving cordinates Ty, changes from p to p — p, in the Energy Momentum Tensor T, (5.3.21)

5.3.7 Non comoving coordinates when g

Hv = 77#!/ '
To this point everything we have looked at has been in comoving coordinates. Velocities
relative to comoving coordinates are usually referred to as peculiar velocities, so, does what
we are saying above still apply in such non comoving coordinates? If we have a sealed box of
real photons (or gravitons) fixed in comoving coordinates, and move relative to it at peculiar
velocity £, say, its measured volume will shrink asy,' = (1—7)"". (We will use red
symbols with the subscript p, and triple primes for wavenumber k”

.. for peculiar velocities, to
distinguish them from metric changes where we used green and a double primedk/. .)

Thus the density or number of particles per unit volume increases as 7, = (1- 3) "% .

In comoving coordinates the mean momentum of the universe is zero so the background
virtual gravitons are all time polarized. The minimum wavenumber k.. will have its lowest
value in these coordinates (at least far from mass concentrations whereg,, =7, ).Time
polarized k., gravitons are spherically symmetric with no mean momentum in any direction
S0 we can imagine a box of them fixed in comoving coordinates. If we now move relative to
this imaginary box at peculiar velocity 5, it will also shrink asy,' = (1—7)"’and the
number density of these Kk, gravitons will increase as y . But the local measurement of k_,,,

also increases to k. = y.k. .. and thus dk”.

min

yn%

min

= }/Pdkmin .

pl:”min = 7/Ppkmin' klzr,:in = J/Pkmin & dklzr:in = 7/Pdkmin 'Thus Eq (52 11)
Pokmin ~ KeemindKyin Still applies. In non comoving coordinates ifg,,, =7, (5.3. 22)
then pg, min = KeiminGKmi » and the scalar K, ... remains constant.
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5.3.8 Non comoving coordinates when g, #7,,, .

When we derived Eq. (5.1. 10) Ogcmin ® Kearmin dKyin this probability density was obtained by
integrating twice over all space. Each of these integrations produced the averaged affect of
complex phase angles. If there were no complex phase angles we could say that the amplitude
to find a k., graviton would be v, ., = \/pekmin ~ J K ekmindKnin - It turns out that the affect of
complex angles reduces the amplitude to find a k,,, graviton due to the rest of the universe

by = Jrz . Thus including the averaged affect of complex angles and using Eq. (5.2. 11)

Amplitude v, (due to rest of universe) =g, 7K genBK iy /03557t k(53 23)

We effectively included this ~ /= factor when we derived Eq. (5.2. 6). As in Figure 5.2. 1

the probability for a small mass m to emit a k,,

o2 dk,; :
graviton is—m’a k—m"‘ The normalized
4 min
L 2k 2k’ 2x4.33k_.
wavefunction is 2kmin g2k o 2K 2x 433K, (as k., r~0 & k' ~4.33k_._

2 2 min min

4rr Arr? 4rr
using Eq. (5.1. 4)). Thus we can say that the:

: 2 k. 433 . 2m [4.33¢.dk
Amplitude . (due to small mass m) ~ —mzaGd 433 i :_mJ %2 m - (5.3.24)
T K. 271 r Ar
As we have already included the affect of the complex angle we can say
2m 4.33050K dk
The product of these two amplitudes is ﬁ/0 3557ardK ., (5.3. 25)

2m 2m
Apgymin due to small mass m =y, 0 Vi = TO'3saGdkmin ® T K kmin @K i

This is approximately what we got in Eqg. (5.2. 6) but using Eq.(5.2. 10) as in Eq.(5.2. 11).
The key point is that the only variable in either v, of we,,, is \/dk, , as complex phase
angles are invariant. Thus Apg, .in ® Vermn *Vemin 19 @lways proportional to dk ., and at peculiar
velocity S, as in Eq.(5.3. 22) dk” =y.dk_. . So both pZ.. &Apl.  increase as y, and
their ratio does not change. The logic of our aguments is not affected by peculiar velocities.
The same is true for large masses moving at peculiar velocities. In a metric y,, as in section
5.2.2 (using four blue primes for combined peculiar velocity and metric changes)

nn

Kot =707 uKme @and dki =7, dk .. Both Aply o & pie i INCrease as i, 7, and again their
ratio does not change. All the arguments we used in section 5.2.2 do not change and Equ’s.
(5.2. 14), (5.2. 15) & (5.2. 16) still apply in non comoving coordinates providing /,, is the
velocity reached by a small test mass falling from infinity in the same rest frame as the mass

concentration m moving at peculiar velocity 5,. We can think of K, ., ~0.355¢.as a

80



constant scalar throughout the universe representing the Probability Density of finding a
minimum wavenumber k" = .y, K., virtual graviton at all points of spacetime. Near mass
concentrations the metric changes. Local clock rates change and so does the measurement of
k.., but not the scalar K, - Locally measured infinitesimal volumes increase to
accommodate the extra locally emitted maximum wavelength gravitons keeping the scalar of

probability density constant. We argue that General Relativity is consistent with this.

If we think of the mass in the universe as a dust of density p, essentially at rest in comoving
coordinates we can define a tensor T, (Background). In comoving coordinates
T ., (Background) has only one non zero term T, (Background) = p, . In any other coordinates
this same T, (Background) tensor is transformed by the usual tensor transformations that
apply in GR. If these coordinates move at peculiar velocity 5, then T.7(Background) = y:p,
= 72T, (Background) . This all suggests the infinitesimally modified Einstein field equations

1 87G
G,uu = R/zu - E g‘UUR = C4

|:T,uu =T (Background)] (5.3. 26)

MO

We argue that Eq.(5.3. 26) is consistent with keeping the scalar K., = 0.355¢, constant
throughout all spacetime as in Figure 5.3. 8. This infinitesimal modification is only relevant
in the extreme case as T, approaches T, (Background). Far from mass concentrations
T, <T, (Background). Space curvature is in general somewhere between slightly negative
and zero, but the causally connected universe is flat on average regardless of the value of Q.

07k At any cosmic time T in any coordinates, and in any metric,
i in the infinitesimal band dk_. , Pumin = Keemin 0K, 1S always

In

06(

k.., ~10°%  true. Kg . IS a constang/Scalar, but the measurement of k.,
K 05 now depends on both locgkmetric clockrates and cosmic time T .
Gk min T 04 - \
a E 0.1<k . <0.25
G 03 E / min )
: very approximately
02F Future @ the Big Bang
01 5

L L L Figure 5.3. 8
10~60 10~40 10~20 1 Ko = |

The above arguments are only true if the determinant of the metric‘gw‘zl, ignoring the
r’ &sin® @factors, in particular g,,-g,, =1. We have also ignored angular momentum which
will change this. We have only considered the gravitons interacting between a local mass and
the rest of the universe and ignored the relatively small emission of gravitons by the mass
itself. Both these effects will be addressed in a separate paper. See Addendum 8.
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6 Further consequences of Infinite Superpositions

6.1 Low frequency Infinite Superposition cutoffs

In section 4.2 when we introduced gravity, for the lower limit in our integrals we assumed
k.., =0, and then in section 5 showed that there is a lower limitK ;, >0 . It turns out that
for massive N =1 superpositions the effect of this is negligible in comparison to the high
frequency cutoffk,, <o, which we showed gravity can address in section 4.2. For
infinitesimal rest mass N = 2 superpositions we cannot however ignore the effect of K., >0 .

6.1.1 Quantifying the approximate effect of K_.. >0 on infinite superpositions

If we look again at section 4.2.1 we can repeat what we did there as follows. Initially to

illustrate these effects we will consider only N =1 superpositions where we can say that

When K ,cor = © & (for N =1only) K, ... = 0 and thus
nkCU off (6.1. 1)
I 1 1 [ ] o
L 2 J = 2 2 o + K |#1=&"= "
1+ Knk Kok min 1+ Knkmin 1+ KnkCutoff KnkCutoff 1+e¢
. . - - " l 2 2 nzs 2,2
Our earlier infinitesimal ¢ — ¢"~ ———+ K . and from Eq. (3.1. 11) K, = 77&Ck ,

nkCutoff

For spin ¥ fermions for example (ns/2) ~9. Also ki, ~1/L; and kg, ~1/ R, so that

o L ke o L2 +97Lg (LpRgy )’ + (972)°
~ nkmin =~ ~
ankCutoff 9%20 RSH gxzc RéH
2
. L _Ae [ 9RZ ]
The ratio of the extra contribution A¢ to & (where ¢" = ¢ + Ag) is — L L RC J (6.1.2)
3 P \oH

(Where ¢ is the original 1/ K? cutoff of Eq. (4.2. 2)). Equation (6.1. 2) is for spin ¥, but the
numerical factor 9 only changes slightly for spins 1 & 2. In Planck unitsL,R,,, =10, but
for electrons say . ~6x10", so the effect is of order Ac/e ~10/10% ~10*which we
have been ignoring. We cannot ignore this however in the case of infinitesimal rest masses as
we will see.

6.2 Infinitesimal Masses and N = 2 Superpositions

Looking again at angular momentum and rest masses in section 3.2 the key factor in our final
integrals is in Eq. (6.1. 1). Using Eq. (3.1. 12) we can rewrite Eq. (6.1. 1) as

1 K cutoff 1 1
{ — } = - (6.2.1)

2 2 2
1+ Knk ynk min ynkCutoff

Knk min
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With massive N =1 superpositions as above the difference between > . &1 is vanishingly
small, i.e. (75, —1) > 1/ and as in section 6.1.1 this first term is of much less significance
than the s’ ...« term. Now define an approximate equality between N &<7kmm>2 using Eq.
(3.1.12) as follows

N ~ |:<]/kmin >2 :1+<Kkmin >2J (6.2.2)

In section 3.2 we derived angular momentum and rest masses for only massive or what we
called N =1 particles. To get integral angular momentum we had to assume in deriving Eq.
(3.2. 6) that the minimum value of K, orK . =0. For massive N =1 particles such as the
fermions the error in this assumption (as in section 6.1.1) is ~10® times smaller thane ,
which for an electron is already &~10"* due to the high frequency cutoff @ ~10"**'GeV.
(We allowed for this & ~10 *when we included gravity in section 4.2.) From section 6.1.1

above we approximated K? . as ~9%% / RZ, for a spin ¥ fermion. So we can express Eq. (6.2.

2) in terms of this approximation for fermions with non infinitesimal mass

2
OH Ron

2 9R> 9R2
N z|:<7/kmin> =1+ ch z]‘:| as <0 (6.2.3)
9 2
For example an electron has —< ~107"

2
OH

For the massive particles it appears we can safely say that N =1. Even if neutrino masses
were as low as10 eV then <ykmm>2 —1~10". If the mass is too small however Eq. (6.2. 1)
tells us we cannot get the correct angular momentum unless something else changes.
Infinitesimal increases above 1 of the order of ~10°or so can be handled perhaps by a
small change in the actual high frequency cutoff details, but this probably does not allow
massive particles to be much less than sub micro electron volts. So if massive particles are a
group with N =1, then it would not seem unreasonable to imagine there could possibly be
another group with N =2 :l+<Kkmin>2 implying that (K >2 =1. Repeating the derivation
of Eq. (3.2. 6) but with N =2=1+(K, .. >2 and for clarity and simplicity let K ,..or = .

kmin

<] 2 ®
L,(Total)=s-(N =2)m~ _[ a KK“"Z v dlf”" :smf{
+ nk nk

-1
l+—Ki_hwm (6.2. 4)

K

nkmin

1 1 smh i
L,(Total) = smi| ————— | =smh = as previously.
1+ (N =2) 2

nk min

Provided we have doubled the probability of superpositions as in Eq. (2.1. 4) from
s-(N=Ddk/k to s-(N=2)dk/k, the final angular momentum results in Eq’s. (3.2. 6) &
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(6.2. 4) are identical. The same is true for rest mass calculations. For multiple integer n
infinite superpositions if N =2 then the expectation value (K, >2 =1.
We thus conjecture that all N =2 infinite superpositions have(K
From Table 4.3. 1

N = 2 infinitesimal rest mass spin 1 superpositions have (n) ~3.98

=1.

kmin >

N = 2 infinitesimal rest mass spin 2 superpositions have (n) ~3.33

Using EQ’s. (3.1. 11) and Eq.(5.1. 10).

2
n)ys : R .
<Kkmm>2 = Lkékfﬂn L1582 AZk: =1 or K. ~0.355—2% for Spin 1
2 2 Y (6.2.5)
. R .
L 11.09x2 AZkZ, =1 or A . ~0.300—2% for Spin 2
Y

Using the value for Y ~ 0.51 from Eqg. (5.3. 13) based on WMAP data which also puts the
horizon radius at ~ 46x10° light years R, ~2.7x10% Planck lengths.

1 ~0.7R,, ~6.5x10 eV.
2 ~0.59R,, ~7.7x107 eV.

Table 6.2 1 Infinitesimal rest masses of N =2 photons, gluons & gravitons.

These Compton wavelengths and rest masses are the present values, changing slowly but
exponentially with cosmic time T. They are based on WMAP data where Q =1 and could be
slightly different if Q =1as in section 5.3.8. They also depend on the actual value of b in the
exponential expansionV =3Exp(bt) . These infinitesimal rest masses limit the range of virtual
photons, gluons and gravitons to approximately the horizon. The graviton rest masses above
are close to recent proposals explaining the accelerating expansion of the cosmos [2] [3].

6.2.1 Cutoff behaviours for N =1 & N = 2 superpositions
Equation (6.2. 1) can be written for both N =1 & N =2 superpositions using the results of
sections 4.2 & 6.2 as follows

I

K cutoff

-1 1 1 1
> == - = — when N =2
_1+ Knk Kk min |:}/nkmin = 2:' }/nkCutoff 2(1+8 ) (62 6)
- - K cutoff
12 = 21 - 21 = 1" when N =1
_1+ Knk K ok min |:}/nkmin ~ 1i| 7nkCut0ff 1+ 2

(We should be using expectation values, but for clarity we simply imply them.) We have
shown in section 6.2 that (1/,,,’)=1/2 whenN =2, but in reality it is Eq. (6.2. 6) that
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must be true. In section 4.2 we showed that for N =1 superpositions the primary coupling of
gravity to preons infinitesimally increased the interaction probability by &' to (1+&") where

~ m; x5 -G R S 2mgc’
ZShC(8 + 8\éOKEMP )2 Kr?kCUIOff Snzhz (kcutoff )2 l

In the N =1 case this meant that any deficits due to a non infinite cutoff were exactly
balanced by the contribution from gravity, but in the N =2 case this infinitesimal correction
is out by a factor of two. However Eqg. (6.2. 6) tells us that exactness can be maintained in the
N =2case by an infinitesimal change from(1/7 ) =1/2to (1/5{,,)~1/2. Thus both
N =1 &N =2superpositions can cut off at Planck energy as in section 4.2.2. The low
frequency cutoff for all superpositions is at k.., =~ Y/R,,, if they are to affect gravity.

fromEq. (4.2.4) &'

6.2.2 Virtual particle pairs emerging from the vacuum and space curvature

For almost a century it has been a puzzle why spacetime is not massively curved by Planck
scale zero point energy densities. However space appears to be flat on average regardless of
this massive Planck scale zero point energy density so something must be different. In section
5.2.1 we argued that the curvature of space is consistent with constant maximum wavelength
virtual graviton probability density Pgmin = KeimindKmin @S in Eq. (5.1. 10). We calculated this
density assuming gravitons only couple to the average density p, of energy, plus baryonic
and dark matter in the universe. If maximum wavelength gravitons coupled to all virtual pairs
emerging from the vacuum there is just not enough zero point energy at cosmic wavelengths
to build them. We also argued that spacetime warps around any departure from a uniform
background mass density o .

So let us similarly conjecture the possibility that secondary interaction gravitons (as distinct
from primary interaction gravitons as in section 4.2.1) only couple to any departure from the
uniform background of virtual pair creation. If real gravitons in gravitational waves signal
spacetime how to behave, then virtual gravitons coupling to departures from uniform
backgrounds also somehow signal space how to expand (as in section 5.3). However even if
there are no =k, gravitons coupling to virtual pairs, there must still be sufficient quanta
available in the zero point vector fields to build the virtual particles themselves. It would
initially seem that this requirement would exceed that for gravitons. Particle lifetimes are the
key here. About 99% of graviton superpositions have lifetimes of ~ T the age of the Universe
where the uncertainty principle only allows energies AE ~k_,. ~ R, ~T *. Available zero
point energies are limited for only such long lifetime superpositions. On the other hand most
virtual pairs have extremely short lifetimes where the uncertainty principle allows much
greater supplies of zero point energies to build their superpositions. Because of this we will
ignore this issue when applying Eqg. (5.3. 12).
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6.2.3 What do we really mean by departures from the virtual pair background?

It would initially seem that real particles are departures from a virtual pair background and
that all virtual particles are not departures. But this is not always true. The zero point
background locally available (See section 6.2.4 for clarification of local and redshifted) is the
energy source from which most virtual pairs are created. It is Lorentz invariant in all frames.
The local intensity at any point is always o« k> or the Planck energy cubed if the maximum
frequency is k... =1 and we integrate over all frequencies. But other sources of energy can
create virtual particles. In comoving coordinates, what is usually referred to as “Real matter
or energy” has an overall average of zero momentum. This is the matter that gravitons couple
to. The conservation of mass/energy (or in relativistic language four momentum) tells us that
in comoving frames this mass/energy lasts for something like the age of the universe. (Think
galaxies etc.) It cannot be destroyed but it can be converted temporarily into virtual particles.
This before and after conservation of 4 momentum is used in scattering crossection
calculations [9] where virtual particles exist briefly. So “Real matter or energy” is a departure
from the uniform zero point virtual pair background, but the virtual particles that real energy
can briefly turn into are also departures. The long term average of this local “Real matter or
energy” is what counts and is what cosmic wavelength gravitons couple to. The gluons that
bind quarks are virtual particles and form the vast bulk of the proton mass and thus most
normal matter. They exist briefly individually but form long term mass/energy. If something
can be weighed, including its virtual particles, it is a departure by our definition.

6.2.4 Redshifted zero point energy from the horizon behaves differently to local

As we said above local zero point energies are Lorentz invariant. At high frequencies there is
no shortage locally to build the high frequency components of superpositions. If a massive
N =1 virtual pair emerges from the vacuum its life is short,and borrows long range quanta
only briefly. If there were no redshifted supply from the horizon there would be only a few
modes of the local supply of k. ~1/R,, quanta inside the horizon. Because preons are born
with zero momentum and infinite wavelength they can however absorb a different supply of
redshifted k. ~1/R,, quanta from the receding horizon as we have discussed. This k..
quanta redshifted supply behaves differently to normal Lorentz invariant zero point local
fields. It behaves as K, . =2.36a,"The Quanta required @ k, Constant” of Eq.(5.3. 12).
Where K, ., =6.66xK, . "Thek  Graviton Constant” of Eq. (5.2. 11). This redshifted supply
is only available to zero spin preons that are born with zero momentum, or infinite
wavelength, in the rest frame in which infinite superpositions are built.

Gk min

6.2.5 Revisiting the building of infinite superpositions

In section 2 we developed equations to determine the probability of each mode of a
superposition using local zero point fields and in section 5 when we found the cosmic
wavelength supply inadequate we switched to a different redshifted supply for long range
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quanta. So how do we justify our use of the local zero point fields to determine mode
probabilities and behaviours? As we said above there is a plentifull supply of high frequency
local zero point fields. This local supply is adequate for high densities of superpositions for
all modes from the Planck energy k=1 high energy mode cutoffs to somewhere around
k ~10or near nuclear wavelengths. The coupling to local zero point fields in this high
frequency region determines the behaviour of all the standard model particles. There is
however a gradual transition to absorbing quanta from the redshifted horizon supply as the
wavelength increases. Because the redshited supply of k. quanta behaves as the invariants
K ominOF Kgmin @00VE and entirely differently to Lorentz invariant local zero point fields,
spacetime has to warp around mass concentrations and the universe has to expand.

6.2.6 The primary to secondary graviton coupling ratio y,

In Eq. (4.2. 14) we found y,, ~ 318.3 as the ratio between the primary graviton coupling to a
bare Planck mass and the normal measured gravitational constant G. Equation (5.1. 7)
defined graviton coupling between Planck masses ¢, . If o, =1 as we had expected, the ratio
between primary and secondary graviton coupling (as defined for colour and
electromagnetism in Eq. (3.3. 2) would be y, = o' 7 = x& ~318.3. But we found in section
5.3.2 that the graviton coupling constant between Planck masses was . ~1/164 implying

The primary to secondary graviton coupling ratio y, = o, y4 ~164x318.3 52,000 (6.2.7)

However this is obviously very approximate. Equation (6.2. 7) can also be interpreted as the
primary graviton coupling to preons is ~(318.3)G and the secondary graviton coupling is
~G/164. To solve graviton superpositions we can use Eq. (3.3. 16) which is the
gravitational interaction probability between fermions and we can now put on the RHS the
coupling ratio yx, =~ 52,000 in the same way as we did for Eq.(3.3. 21)

2 2
[281/2Nlcﬁa*C6a(1_cﬁa*c6a)] [252N2C4c*C4c(l_cdc*cllc)] _ 4()((;1 2

q* q*
-1
Cye *Che(1=Cpe *Cy) = B z{ 1 j| \
4[cy, *Cs, (1—cy, *C,)] 152,000 ] 4[c,, *c, (1—Cq, *Cq,)]

Also 2s,, =1,25, =2, N;=1&N, =2 s0 [c,,*C,,(1—Cq, *C,,)][8c,. *C,.(1—C,. *C,.) | =215

X 1] 1

c,.*c,.(l-c, *c, )= ~
4C 4C( 4c 4C) 4[CGa*CGa(1_CGa*C6a)] LSZ’OOOJ4[C6a*06a(1_06a*06a)]

But from Eq. (4.4. 1) C, *Cy, (1—Co *Cs,) =+/2/ 7. ~~/2/50.4053 ~0.199194

L ~2.4x107°.

Cye ¥Che(l-Cy *Cy ) = i
1 ¥Cie(1=Co *Cyp) 4x52,000x0.199194
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Using Eq.(4.4. 3),ch*cn -n*~170.95 forspin2, N=2 we get the infinitesimal mass
graviton superposition values in Table 4.3. 1. The probability of a graviton, of the same
mass/energy as say photons, gluons or fermions etc exchanging gravitons, (using the same
procedure as in Eq. (3.3. 16)) is ~10™° of the probability of photons, gluons or fermions
exchanging gravitons. This is consistent with gravitational energy not being included in the
Einstein tensor and why we said in section 1.1.1 that gravitons may not emit gravitons. This
implies that the gravitational constant does not run with wavenumber k at high energies as the
other coupling constants do. This is why we can use the normal gravitational constant G as
the secondary gravitational coupling constant G, where we put the primary gravitational
coupling to bare preons as G, = y.G, = 7.G in Eq.(4.2. 3).

6.2.7 N=1 & N=2 Bosons and the Higg’s mechanism

In the Standard Model the Higg’s mechanism adds mass to zero mass photons but here we
say it adds mass to infinitesimal mass photons but not only does it do that, it also converts
them from from N =2 to N =1, and also from n=3,4,5 to n=4,5,6 superpositions.

6.3 Black Holes, the Firewall Paradox and possible Spacetime Boundaries

Several recent papers [15] [16] [17] [18] [19] have discussed the BH firewall paradox. In
section 5.2.2 we use the fact that outside observers see infalling mass remaining on the
horizon. In fact if we look carefully at the analyses in sections 5.2.1 & 5.2.2 we see they
strongly suggest that GR cutsoff at the BH horizon; one of the possible firewall paradox
implications. The equations we derived do not work inside the horizon. Our argument that a
constant graviton scalar K, ... is consistent with GR will not work inside the horizon.

(k,.,, Quanta that go in to build superpositions would not return in time AT =k ~T).

Is it possible that the horizon of a Black Hole could well be a spacetime boundary?

6.4 Dark Matter possibilities

Table 4.3. 1 shows a spin 2, N =1 neutral massive graviton type superposition that exchanges
infinitesimal mass N =2 graviton superpositions ~10° more strongly than N =2 gravitons
exchange N =2 gravitons. It may possibly be only detected via these graviton interactions.
(Dark Matter Wimp searches would not see these as spin 2 is not subject to the weak force.)

6.5 Higgs Boson

It is not clear if the Higgs boson is a spin zero superposition so it is not in Table 2.2. 1; but if
it is, it would be some superposition of infinite superpositions with a total angular momentum
vector summing to zero just as two spin % fermion superpositions can for example.
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6.6 Constancy of fundamental charge

It has always been fundamental that the electromagnetic charge of protons and electrons is
precisely equal and opposite to get a neutral universe. In section 4.2 we showed that the
probability of superpositions was sN-dk(1+&)/k where the infinitesimal ¢ is proportional
to rest mass squared and thus different for various particles. We used this probability to
determine interaction coupling strengths in section 3.3. This suggests that the probability of
virtual photon emission is also proportional to the probability sN-dk(1+&)/k of each
superposition, and would not be precisely equal for electrons and protons due to small
variations in ¢ of the order of ~10™* between electrons and quarks. If however we look
closely at Eq.(4.2. 3) and the following equations, by adding the amplitude for gravity at right
angles we effectively added the probabilities of spin 2 gravity generated superpositions to
those of spin 1 colour and electromagnetic superpositions. If somehow only those
superpositions generated by spin 1 electromagnetic and colour interact with spin 1 photons
this would cancel any minute difference in charge. If this is not so then there are infinitesimal
differences in charge of the order of ~10**which would surely have shown up in some form
by now unless there are minute differences in the total number of electrons and protons.

6.7 Feynman’s Strings

Over a century ago there were various models of the electron. The Abraham-Lorenz was
probably the most well-known [20] [21]. All these models suffered from the problem that the
electromagnetic mass in the field was 4/3 times the relativistic mass. In 1906 Poincare
showed that if the bursting forces due to charge were balanced by stresses (or forces) in the
same rest frame as the particle, these would cancel the extra 1/3 figure restoring covariance
[22]. In chapter 29 Volume 11 of his famous lectures on physics, Feynman, probably jokingly,
suggested that if the electron is held together by strings that their resonances could explain
the muon mass; he just may have been right [23]. The equations for infinite superpositions in
this paper apply equally to all massive particles. Also, as infinite superpositions are held
together by interactions with zero point forces in the same rest frame, could these zero point
interactions possibly be Feynman’s strings? If they hold the virtual preons in orbit, it would
seem that they should also be able to balance any bursting forces due to electric charge.
However this paper suffers from the same problem as the Standard Model. There is nothing
in it suggesting the quantization of mass of the massive particles; but it does however suggest
the mass of infinitesimal rest mass particles.

7 Conclusions

If fundamental particles are built from infinite superpositions then why do we never see any
sign of them? It is important to remember that all components of infinite superpositions are
virtual and only complete infinite superpositions can behave as real particles. If infinite
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superpositions could be somehow decomposed into their virtual components this would
destroy the resulting equivalent real particle. Could it be that particle conservation laws
controlling the behaviour of fundamental particles somehow prevent any sign of their virtual
components? Also the viability of this paper depends on primary interactions where spin zero
preons can borrow mass from some Higgs type scalar zero point field, and energy from
colour and electromagnetic zero point vector fields. The behaviour of these primary
interactions is very different to the secondary interactions that the SM is all about. The SM
rules applying to borrowing mass and energy from scalar and vector zero point fields may not
apply to primary interactions; but the secondary interactions of QED, QCD etc of the SM
applying to fundamental particles must equally apply to infinite superpositions. We have also
not discussed gravitational waves. Just as a minute graviton coupling constant can lead to
much larger changes in the metric around mass concentrations, we can imagine similarly
small emmissions of real m=+2 gravitons leading to larger waves in the metric. Finally, this
paper suggests that if fundamental particles can in fact be built from infinite superpositions:

e Quantum mechanics may well rule the exponential expansion of space and the
warping of spacetime around concentrations of mass/energy.

e The warping of spacetime around mass concentrations and the exponential expansion
of space may possibly be the only evidence of infinite superpositions we will ever see.

e General Relativity (in an infinitesimally modified form affecting cosmic scale only)
could well be a consequence of Quantum Mechanics.

e The interaction between gravitons is minute in relation to the much amplified but
apparent attraction between mass concentrations due to metric changes. This may
affect the quantum field theory of gravitons. (Black holes may not automatically form
around Planck energy gravitons.)

e General Relativity may not apply inside Black Holes, and the event horizon itself may
possibly be a Spacetime Boundary, as infinite superpositions will not form inside
them.

8 Addendum

The finding in this paper suggesting consistency between an infinitesimally modified General
Relativity (affecting cosmic scale only) and all observers seeing a constant maximum
wavelength graviton probability density scalar K, ., only considered the gravitons
interacting between a small mass (in relation to the rest of the cosmos) and the mass of the
rest of the cosmos. For clarity and simplicity those gravitons emitted by the small mass itself
were ignored. Their affect is small except close to black holes. This second order effect will
be explored in a separate paper.
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