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Abstract

By assuming the cosmological principle includes the Pauli Exclusion Prin-
ciple (PEP) and that the initial singularity existed within Planck time and
length scales, a model for inflationary expansion is argued using only stan-
dard model physics without any changes to general relativity. All Fermionic
matter is forced by the PEP to make a quantum transition to minimally or-
thogonal states in sequential Planck time intervals. This results in an initial
inflation effect due to nearest neighbor quantum transitions which is then
exacerbated by matter and antimatter creation effects due to collisions giving
rise to the observational effects of universal inflation. The model provides a
mechanistic explanation for primordial expansion using only physics from
the standard model, specifically utilizing the PEP as a repulsion force between
indistinguishable fermions. The present theory offers the benefit of not re-
quiring any particles or fields outside of the standard model nor utilizing
changes to general relativity. More succinctly, this theory goes beyond simply
offering a mathematical representation (or fit) of the functional dependence
but rather offers a mechanistic model to drive inflation using only standard
model physics.
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1. Introduction

The inflationary model has enjoyed great success in describing modern cosmo-

logical observations of homogeneity and isotropy along with a flat space-time [1]

[2]. Difficulties with any mechanistic origin of the ad-hoc inflaton [3] have re-

sulted in numerous alternative descriptions of the initial rapid expansion of the

universe. These models include unique general relativity cases such as bouncing

[3] [4] [5] [6], varying speed of light requirements [7] [8] [9], string theory [10]
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[11] along with multiple other alternatives [12] [13] [14] [15]. Still, other models
provide functional representations of both inflation and dark energy [16] [17]
[18]. The current work diverts from the traditional functional representations of
inflation and proposes an entirely mechanistic model such that only modern
physics is sufficient to require inflationary origins.

The effect from going back in time predicted by general relativity requires that
all matter began in a singularity without a sufficient time dependent cosmologi-
cal constant to reverse the process early on [19]. By assuming the singularity, the
proposed theory is able to describe a mechanism to initiate inflationary expan-
sion at genesis. It is reasonable to assume continuity of all the known physical
laws even at the Planck scales [20] [21] backwards in time to include this pri-
mordial singularity. Here, particular attention is placed on requiring the Pauli
Exclusion Principle (PEP) to also be in full effect at the Planck scale from which
the proposed mechanism is derived.

The minimum stable state for baryonic matter which can be associated with
adhering to the PEP requirement is postulated to scale with that of either a neu-
tron star (NS) or atomic nuclei. This means that to a first approximation, all in-
distinguishable Fermionic matter (Ze., quarks) which had been present in the big
bang (BB) singularity are forced at a minimum to push their nearest neighbor
Fermions away on the order of this maximum packing density for nucleonic
matter. The principle being that by combining the fundamental assumption of
existence at the Planck scale in the singularity, it can then be argued that PEP
also applies at the Planck scale and forces minimal physical separation in one
Planck unit of time as a standard quantum transition from one state to another.

Given that all leptons, quarks and baryons of the standard model are composed
of fermions, the anisotropy of their respective wavefunctions forces the PEP to un-
iformly distribute them into their minimally orthogonal and lowest energy states
upon existence with the quantum transition taking place over the assumed Planck
time scale. This, because of overlap of identical antisymmetric wavefunctions
would result in cancellation of some of the particle’s probability density function
and so violate conservation of lepton and baryon numbers resulting in an effective
separation force to maintain conservation of lepton number [22].

One of the most fundamental observations arising from PEP in measure-
ments, is the repulsive force it provides when placing materials under pressure.
It is the PEP which keeps crystalline materials at fixed interatomic distances de-
spite the Coulombic attraction between the oppositely charged particles. When
two objects are pushed together, it is the PEP repulsive force which prevents the
exterior valence electrons of the two objects from overlapping and so serves as

the equal and opposite force to their being pushed together [23].

2. Analysis and Results
&G A _K

+_
3 Mg

assuming k& = 0 describes the current model for universal expansion (where the

The standard FLRW metric given by Carroll et al [24] is H? =
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standard symbol definitions apply e, H’= (a/ a)2 ). When the Hubble length a
approaches zero, the proper time from general relativity dz° = dt® —dx*dQ® be-
comes ill defined where both the spatial component dx and the temporal com-
ponent d¢ approach zero as the FLRW model matter density p,, goes to infinity
at 7= 0 = a. Rather, we will assume that at the beginning of time, the BB singu-

larity evolves at the Planck scale.

2.1. Inflation

2.1.1. Expansion Initiation

The initial singularity scaling a = 0 is taken to be on the order of the Planck
length |, =1.6e-35m= hm;l-c‘z which is calculated using the definition of
Planck mass m, =2.177e-8 kg = (/ic/G )1/2 where cand G have their customa-
ry definitions of the speed of light and the gravitational constant respectively.
These assumptions are also taken to occur in the initial time interval of the
Planck time t, =5.4e-44s=1, / ¢ which then provides a means to predict the
effects from the PEP to all fermionic matter at its genesis.

The scale assumed here for quark density is taken to be similar to that asso-
ciated with a NS or barionic nuclei. The minimally orthogonal baryon number
density of 0.16 fm™ [25] then provides some initial condition predictions after
the passage of the first unit of Planck time. At zero time, we begin with any arbi-

trary number of fermions in the singularity.

2.1.2. The 15t Planck Time Interval

The overlapping fermion wave functions in the initial singularity simply make a
quantum transition to an adjacent location to conserve fermion number. This
fundamentally accepts the assumption that the requisite PEP separation has to
take place within a single interval of the Planck time and so allows a calculation
of the momentum transfer imparted to fermionic matter due to its genesis.

Using the scaling from that of a neutron in a NS [25], the resulting relative dis-
placement L between nearest neighbors for each quark would then be L = 2e-15m
in the initial time interval ~5e—44 s. This quantum transition then culminates in
an apparent violation of special relativity as the initial relative speed of any two
adjacent fermions becomes v ~ 2e—15 m/5e—44 s = 1e20 c¢ (although this is really
just a simple quantum transition for each fermion in a single unit of Planck time).
In this 1% Planck interval, each fermion has just transitioned outside the horizon of
its nearest neighbors making them no longer causally connected at that moment.

With the initial dimensions of fundamental particles assumed to be Planck
length going to a nearest neighbor distance L of 2e—15 m, this provides an ex-
pansion of 20 orders of magnitude during that 1% Planck time interval alone.
With minimally orthogonal states being required, this initiates a homogenous,
though hyper-chaotic, initial condition.

If these first generation quarks were the lowest energy state available upon ex-
istence, this means each bare quark mass can be approximated as m = 5 MeV/¢&
[26]. The resulting kinetic energy KE from the initial quantum transition of
nearest neighbors can then be calculated from + pzc2 +m’ct —m%c* ~ pc. Al-

DOI: 10.4236/jmp.2022.132009

115 Journal of Modern Physics


https://doi.org/10.4236/jmp.2022.132009

R. B. Hayes

though relativistic values become imaginary at such speeds, being that this is re-
ally just a quantum transition, we will use for relative interparticle momentum,
the value of p =mv =1e22 MeV/c, giving a contribution to the KE per quark of
1e22 MeV. This places the total energy of the transition more than 20 orders of
magnitude greater than the initial rest mass per fermion.

This process is depicted in Figure 1 where reflecting boundaries are assumed
on the rightmost portion of the image.

2.1.3. The 2 Planck Time Interval

Within this closed packed configuration from the 1% Planck time interval, the
subsequent fermions can also be assumed to obey the uncertainty principle

AE ~ h/At ~ Te—22 MeV -s/5e—44 s ~ 122 MeV  placing this kinetic energy com-
ponent effectively equal to that caused by the PEP imposed on the existence cri-
teria. This means the kinetic energy during the second Planck time is approx-
imately equally divided between and expansion motion and random motion for
all particles. This provides a convenient mechanism to insure effective thermal
equilibrium at existence without the need for any empirical coupling between
disjoint regions outside each other’s horizon. To the extent that this homogene-
ity continues due to these random expansion forces, uncoupled macroscopic re-
gions would evolve in a similar chaotic manner with virtually indistinguishable
phase space distributions.

The combined expansion energy and random kinetic energy coupled with ex-
treme closed packing then implies fermion collisions are taking place. In other
words, minimal orthogonality means that adjacent particles are touching an ex-
pected neighbor but with spatial offsets to allow distinguishable quantum num-
bers for each fermion. The resultant extreme high energy impacts between adja-
cent fermions having an average of 1e22 MeV of kinetic energy will create a vast
sea of matter and antimatter particles, bringing these into existence even when

they were not required in the initial singularity.

2.1.4. The 3rd Planck Time Interval

To a good approximation, the uncertainty principle energy alone is sufficiently
large to assume equal fractions of massless and massive particles and antipar-
ticles all being formed in subsequent Planck time intervals [27]. Those which
were created in the 2™ time interval would largely be annihilated in the 3™ Plank

time interval due to spatial overlap.

Planck scale

quantum state

Planck scale initial transition interval

singularity e
l=1x10%m At=54x10"s

Figure 1. Quantum transition of a Planck scale singularity to a maximum packing density
fermion sea.
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The remaining fermions from any prior Planck time interval would then be
replaced by these new fermions which did not recombine with their antipar-
ticles. Those in the current Planck time would again be subject to the same
physics previously described and so would continue the process of creating new
particles until the attractive forces are able to catch up to the kinetics of the en-
suing rapidly evolving inflationary epoch.

In each Planck time interval, the number of residual remnant created Fer-
mions would scale with the statistical fluctuations in the number of particles
created in each volume. To provide an initial estimate of this value, assume the
average standard model particle rest mass is 100 MeV such that the 1e22 MeV
energy per fermion is creating an additional 1e20 particles at each fermion loca-
tion. The statistical fluctuations from this swarm of particles packed into this
0.16 fm™ would then be 1el0 additional fermions. These fermions which then
remain unto the 4™ and further Plank time intervals would then undergo addi-
tional PEP quantum transitions exacerbating the inflationary process further.
This process would continue through successive time intervals until attenuated

by other means.

2.1.5. Subsequent Planck Time Intervals

The newly created particles with each prior Planck time interval (which were not
annihilated by their antiparticles) will require PEP transitions which again will
further exacerbate these inflationary effects.

After a time period of L/c = 2e—15 m/3e8 m-s™' ~ le—23 s or approximately
3e24 Planck intervals, this is when gravity (and photons) will first start to appre-
ciably be felt by nearest neighbors. By this time, each 0.16 fm™ of volume will
have created approximately lel0 fermions for every preceding Planck interval
(~3e24). Each new fermion then which had PEP transitioned to a new adjacent
location then holds to the same rules as those prior, creating an average of 1el0
new fermions and so forth for an apparent runaway particle generation mechan-
ism.

With each successive generation of particle creation giving rise to 1e22 MeV
of new energy, each of these will send off gravitational waves along with their
associated gluons, pseudoscalor and vector mesons to eventually provide adhe-
sion forces. The photons will be able to undergo energy to mass transitions but
not so for the gravitons as these would pass through each other as pure waves
(consistent with the latest LIGO findings [28]). This means the gravity will con-
tinually build up and eventually be felt by adjacent and even distant newly
created particles.

This gravitational pull will have been being built up by all preceding Planck
interval particles and so by around 1e25 intervals, it can be assumed that con-
traction forces would start to be felt. By this time, the number of created fer-
mions alone would be on the order of (1e25)el0 or 1e250 fermions not to men-
tion the associated melee of exotic particles in the mix. This number is approx-

imately 120 orders of magnitude larger than that known in the observable un-
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iverse [29] and so scales how vast the physical universe may actually be outside
of our current horizon.

It is generally accepted that all matter present today is an arbitrarily small
fraction of this overabundance of matter compared to antimatter present in the
initial mix, other conditions are possible [30] but these are all assumed here not
to violate the PEP and so are fully consistent with the proposed model offered

here for inflation.

2.2. Isotropy and Homogeneity

The spatial location of any fermion at any time is irrelevant to the inflationary
mechanism proposed leaving their evolution in phase space as effectively iden-
tical as the forces are identical but chaotic. This means that despite the lack of
causal connectedness, the model still leaves each region to evolve in identical
conditions subject to deviations due to random motions and statistical varia-
tions. In this sense, the expected outcome is effectively a homogenous distribu-
tion on the large scale after local coalescing effects are taken into consideration.
The massive inflationary expansion also explains the expected flatness of space
on the large scale as the effective stretching from the initial chain reaction of

particle production would have imposed this condition.

3. Discussion

Utilizing the PEP, the uncertainty principle and the conservation laws, sequen-
tial Planck time units for quantum transitions create a massive chain reaction of
particle creation sufficient to explain inflationary origins. This model effectively
places inflation at the very initial moments of the BB eventually (~1e-20 s later)
followed by random deceleration and cooling from subsequent attractive inte-
ractions. Standard BB cosmological models then continue to evolve using cur-
rently understood particle physics and general relativity models. This was ac-
complished using an arbitrary number of starting particles in the initial singu-
larity.

The proposed inflation mechanism also has a certain elegance in that it only
requires making almost intuitive and basic assumptions regarding initial exis-
tence at the Planck scale along with an axiomatic adherence to the PEP, from
these, inflation is postulated effectively at genesis. Specifically, it is assumed that
within the Planck time at the BB singularity, the PEP forces any arbitrary num-
ber of primordial adjacent like fermions apart sufficient to enable minimally dis-
tinct particle wavefunctions. The resultant energy from expansion and uncer-
tainty momentum then creates a large number of other fermions whose remnant
(which statistically did not recombine with antiparticles) then creates a subse-
quent generation of fermions to carry on the process. This continues until gluons,
photons, and gravity (including the gravitational effect of neutrinos) can even-
tually start to coalesce the massive expansion forces.

This Pauli force effectively provides the initial starting energy of expansion by
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requiring all Fermions to have these distinct quantum states. All identical Fer-
mions then start with all others outside their horizon with random motion driv-
ing subsequent evolution. This model accounts for why the universe is so smooth
on large scales, the requisite minimally orthogonal states at the initial Planck
time forces this to be the initial condition everywhere. Likewise, flatness is post-
ulated to be due to a massive scale and a subsequent purely random walk in all
directions of all particles preventing curvature on large scales while still allowing
clumping due to the same mechanism on small scales.

Conservation of lepton and boson number can be obtained within each hori-
zon for the initial inflationary period but is not addressed further in this work
but certainly warrants future attention. That conservation laws are due to sym-
metries in nature as demonstrated by Neother’s theorem [29] implies that the
fundamental driver for PEP can actually be traced back to symmetry in nature
itself. Where symmetry itself came from or why the primordial singularity from
classical general relativity was present in the first place is not addressed and po-
tentially cannot even be addressed further in this manner insofar as either any
testable or repeatable observation might be offered. This assumes symmetry it-

self is irreducible as might be the singularity.

4. Conclusions

By imposing the initial singularity from General Relativity to exist at the Planck
scale when t = 0, sequential quantum transitions in Planck time intervals result
in an inflationary expansion with an arbitrary number of starting fermions. Par-
ticle generation rates of ~1E10 particles per ~1E25 Planck time intervals give rise
to ~1E250 fermion particles alone being required to come into existence in the
first ~1E-20 s. After this, gluon, photon, and graviton effects (assumed to prop-
agate at light speed) just start to take effect and attenuate the process.

The resultant effects from these basic standard model and relativistic assump-
tions give rise to a mechanistic expectation of observable cosmology in terms
of homogeneity and isotropy on large scales while maintaining equivalent phase
space dynamics in regions formed outside the horizon of comparable disjoint
regions. In this way, the contrived inflaton is not required to explain big bang

cosmology but rather standard model physics, constrained at the Planck scale.
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