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Abstract

The current paper presents an alternative hypothesis for the termination of cosmic inflation based on Huang’s
model of spacetime involving the movement of a superfluid through a random resistor network. Using this model,
we previously derived a mathematical relationship between the velocity of a reference frame and the probability
that a random bond is intact. As an extension of this finding, the permutations of open and closed bonds are how
shown to represent potential microstates, thus providing a means of relating motion within the network to binary
entropy. Applying this concept to cosmic inflation, termination of this process is an expected consequence of the
changes in binary entropy associated with the increasing velocity of expansion.
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1. Introduction

The idea of cosmic inflation arose from the need to reconcile the homogeneity of the universe with the
limitations of the standard model of expansion (Linde, 1983; Linde, 1982; Guth, 1981; Einhorn, Stein, &
Toussaint, 1980; Starobinsky, 1979). As proposed by Guth and others, inflationary theory postulates a brief
period of supercooling at the onset of expansion that produced a uniform distribution of matter, an absence of
magnetic monopoles, and a flattened universe. Various models have been constructed to describe this process,
but the factors responsible for its initiation and termination remain uncertain (Patel & Lineweaver, 2017; Uzan,
2015; Easson, Frampton, & Smoot, 2012; Tegmark, 2005; Carroll & Chen, 2004).

One of the important issues arising from this inflation model is the source of the immense repulsive force
responsible for the nearly instantaneous expansion of matter. This event transcends conventional gravitational
effects and requires postulating a “false vacuum” involving unstable quantum activity. Furthermore, the rapid
supercooling following inflation necessitates an unexplained transition to a “true vacuum” that abrogates the
thermodynamic energy associated with inflation.

In the current paper, we present a model of spacetime that provides an alternative mechanism for cosmic
inflation. It involves changes in binary entropy associated with the transition of a superfluid to a normal one
which account for the initiation and termination of cosmic inflation without imposing a transition in vacuum
states (Cantor, 2016).

The unique properties of superfluids, which exhibit quantum behavior at the macroscopic level, may be
incorporated into a percolation model of spacetime, where the random interaction of forces at the subatomic
level give rise to complex phenomena at higher levels of scale (Liberati & Maccione, 2014; Volovik, 2013;
Annett, 2004; Kapitulnik, Aharony, Deutscher, et al., 1983). At a critical point in the evolution of the percolation
system, a phase transition occurs which produces new patterns of physical or chemical behavior (Papon, Leblond,
& Meijer, 2006). Consequently, these types of networks may be used to investigate emergent phenomena such as
cosmic inflation.

With regard to modeling superfluid behavior to encompass inflation, Huang et al proposed that vortices within
the fluid become entangled during this process, thereby creating a homogeneous environment consistent with
development of an isotropic universe (Huang, Low, & Roh-Suan, 2012). Following inflation, these vortices
become separated, allowing for the condensation of matter associated with noninflationary expansion.
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One advantage of the model is the emergence of a formula for calculating the probability that a random bond is
open or closed, based on the velocity of a reference frame within the network (Cantor, 2016). Using this property,
it was possible to relate the process of cosmic expansion to the degree of binary entropy within the system,
thereby providing a mechanism for the inflationary process.

2. The Inflationary Process

To accommodate the isotropic properties of the universe, the fundamental concept of cosmic expansion was
modified by inserting a momentary period of exponential inflation involving the propagation and preservation of
a homogeneous distribution of matter. While there is no empirical evidence for this process, the proposed
mechanism could nevertheless be crafted from morphometric and thermodynamic analysis of the incipient
universe.

Perhaps the greatest obstacle in establishing this theory is the need to postulate an incredibly powerful force that
counteracts any gravitational effect associated with outward movement from a singularity. Among the suggested
mechanisms to explain this breach of physical laws is the concept of a “false vacuum” in which a combination of
mass density and negative pressure produces a large repulsive force (Bousso, Harlow, & Senatore, 2015)

However, the false vacuum requires the insertion of a cosmological constant that is 10'® times larger than the

one that is applicable to the current universe. To reconcile this disparity, it was proposed that the repulsive force
causes a precipitous drop in temperature which induces a phase transition to a true vacuum state, allowing the
emergence of particles and antiparticles associated with conventional noninflationary cosmologies (Spolyar,
2011).

3. Superfluid Network Model of Spacetime

To avoid the imposition of specialized physical conditions, it may be possible to construct an alternative model
of cosmic inflation involving changes in entropy rather than gravitational force. Under these conditions,
spontaneous changes in the number of microstates are responsible for propagating transient exponential growth
of the universe. The substitution of entropy for gravitational effects has been previously discussed in the
literature, particularly with regard to noninflationary expansion (Carroll & Chatwin-Davies, 2018).

In our own studies, we employed a model of spacetime proposed by Huang that involves the movement of a
superfluid through a 3-dimensional random resistor network composed of uniform interconnecting bonds that are
indiscriminately severed to simulate a rise in fluid viscosity (Redner, 2007; Farago & Kantor, 2000; Golden,
1997, Huang, 1995; de Gennes, 1976). The model was used to derive a mathematical relationship between the
velocity of a reference frame and the probability of intact bonds, where permutations of open and closed bonds
represent potential microstates (Cantor, 2016). Applying this concept to cosmic inflation, initiation and
termination of this process is an expected consequence of changes in binary entropy associated with the
increasing velocity of expansion.

To construct this model of superfluid behavior, an external electromotive force was substituted for flow pressure.
Current density (j) could then be expressed as:

J =pVs + pavi 1)
where pgvs and p,v, represent the density (p) and velocity (v) of the superfluid and normal fluid components,
respectively (Huang, 1995).

If the channels in the network are sufficiently small, v,, = 0, and the normal fluid component is removed from the
equation, then

j=pvo )
corresponding to Ohm’s law, where @ represents the electrostatic potential (Huang, 1995).

As conducting bonds are cut indiscriminately, their total cross-sectional area is reduced, resulting in a decrease in
superfluid density and a reciprocal increase in normal fluid density such that

s + pn = constant 3)
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Figure 1. Diagram of the superfluid network model, showing uniform interconnecting bonds that are either intact
(white) or disconnected (black). The cross-sectional area of the nonconducting bonds (Ay), as a proportion of the
total cross-sectional area (A,), is a measure of probability (p), fluid density, and viscosity. Reprinted from
(Cantor, 2016).
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Thus, fluid density and viscosity may be described in terms of the cross-sectional area of the uniform open and
closed bonds (Figure 1). In this binary configuration, the relative number of open bonds is a measure of the
probability that a random bond is intact (p) or disconnected (1-p).

This relationship was incorporated into Poiseuille’s law to express fluid pressure in the system and combined
with Bernoulli’s principle to show that the relative number of open bonds is inversely proportional to the
velocity of a given reference frame within the network (Cantor, 2016). Surprisingly, the formula for determining
the probability that a random bond is open is identical to that associated with relativistic velocity transformation
(equation 4), which may suggest a deeper connection between the model and spacetime.

p=(1-% @

4. Modeling Binary Entropy in Cosmic Inflation

Since a bond may be either open or closed, it is possible to use the simple coin-flip analogy as a means of
analyzing the probabilistic features of the network. The number of permutations is directly related to the motion
of the system according to equation 4, where the degree of freedom is reduced to a single entity at a velocity of
either zero or C, when all the bonds share the same microstate. The entropy in the system may be expressed in
terms of microstates as follows:

S=kInQ (5)
where k is Boltzmann’s constant and Q is the number of microstates.
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Figure 2. Graph of change in binary entropy (equation 6) with increasing probability of a random network bond
being closed. Velocity may be substituted for probability on the x-axis according to equation 4.
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As the velocity of the system increases from zero, the number of permutations rapidly expands according to the
binomial distribution and the available microstates increase monotonically, where maximum entropy is reached
when there are similar numbers of open and closed bonds (Figure 2). As the probability of a closed bond
increases beyond 0.5, the number of microstates begins to decline monotonically, and again reaches one at
maximum frame velocity. This process involves mutually exclusive events with probabilities p and 1-p and may
be expressed in terms of binary entropy, H(p), as follows:

H(p) = —plog,p — (1 —p)log,(1 —p) (6)
While binary entropy is generally associated with information theory, the current model provides a physical
construct for this concept involving the calculation of all possible combinations of open and closed bonds in the
network. Given the fact that multiple probability states may exist simultaneously, even small increments in
velocity are associated with substantial increases in entropy such that the expanding universe can move from an
initial temperature of absolute zero to an immensely hot state almost instantaneously. The sudden presence of
virtually infinite microstates would produce the enormous thermodynamic pressures within the system
associated with inflationary models of expansion.

However, this process would be self-contained due to a decrease in the formation of new microstates when the
probability of a random bond being closed exceeded 0.5. This would rapidly reduce the entropy per unit volume,
resulting in a significant drop in temperature, consistent with supercooling. While the density of microstates
within the system would decrease, their total number would continue to grow with noninflationary expansion
and the overall entropy of the system would increase in accordance with the second law of thermodynamics in a
closed system such as the universe.

Furthermore, the decrease in the velocity of expansion following inflation would result in a more balanced
distribution between open and closed network bonds (from equation 4), thus reversing the decrease in entropy
density and inducing the transition to a more rapidly expanding universe that occurred approximately 4 billion
years ago (Riess, Filippenko, Challis, et al., 1998; Perlmutter, Aldering, Della Valle, et al., 1998).

5. Discussion

Our model provides a more straightforward explanation of the transition from a post-inflationary decline in
cosmic expansion to a more rapidly growing universe, based on the relationship between velocity and
microstates (Figure 2). However, testing the validity of any entropy-based model of inflation may be difficult
because it relies on the abstract concept of disorder which is commonly measured in terms of its indirect effects
on other physical parameters.

Nevertheless, it may be possible to determine whether the current model is consistent with cosmological
observations and therefore of theoretical interest. The continued increase in expansion velocity involving a
decline in microstates might be validated by the use of more powerful telescopes to determine whether the
density of matter at the cosmic horizon exceeds the predicted value based on current measurements. Such a
discrepancy already exists in the form of the Hubble tension, which may require new theoretical approaches to
cosmic expansion (Jedamzik, Pogosian, & Zhao, 2021).

With regard to the limitations of our model, there is no mechanism to explain the movement away from a single
microstate at time zero. However, an initial resting state may be hypothesized in which there are two separate
domains composed of either all open or all closed bonds, each containing a single microstate. At some point, the
open-bond domain becomes contaminated by one or more closed bonds, causing a self-perpetuating movement
toward inflation.

6. Conclusions

The current model provides a mechanistic approach to cosmic inflation in which the phase transitions that
accompany the initiation and termination of the process are a natural consequence of the stochastic evolution of
microstates that determine the allowable degree of entropy within the system. The properties of the network
provide the framework for an orderly transition to post-inflationary cosmic expansion without imposing
gravitational effects or specialized quantum activity (Ringeval, Suyama, & Takahashi, 2010; Peebles & Ratra,
2002). Despite the speculative nature of the proposed mechanism for termination of cosmic inflation, it may
nevertheless act as a catalyst for further investigation of the potential role of entropy in this process.
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