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Abstract
A model of the expansion of the universe is proposed, based on the assumption that 

the universe in its early stages was not in a hot state but in a pure, metastable quantum 
state. This assumption makes it possible to solve the basic paradoxes of standard 
cosmology from the unified positions and within the framework of the standard model, 
namely, the horizon problem, the flatness problem of the universe, the problem of the 
absence of monopoles, and the problem of the predominance of matter over antimatter.

Keywords: Flatness of the universe; Entanglement; Horizon; Decoherence; Baryogenesis; 
Superluminal communication.

Introduction
Currently, the early stages of the evolution of the universe are modeled both within 

the framework of inflation models and using other approaches. One of the basics for 
understanding the mechanisms of the expansion of the universe are its properties such 
as homogeneity, flatness and others. To solve these problems, an inflationary paradigm 
was proposed (see, for example, [1-5]), within the framework of which it is possible to 
solve some important problems of the expanding universe.

The problem of homogeneity (horizon problem) is that the temperature of 
microwave radiation differs only by a few hundred-thousandths in different directions. 
However, the size of the universe is too large for this homogeneity, since the removed 
parts of the universe could not be related to each other even at the speed of light, and 
thermalization faster than the speed of light is considered impossible. The second is the 
flat world problem. At present, the geometry of the universe is only slightly different 
from the Euclidean model. This imposes very strong limitations on the curvature of the 
universe in the early stages of its evolution. Such limitations are difficult to explain within 
the framework of the standard cosmological model. The third problem is the lack of 
monopoles. According to the standard model, at 1016 GeV the symmetry is violated, and 
monopoles should appear. If they could not be annihilated, then their ratio to the 
number of photons would have remained constant. Then, for one nucleon at the present 
time, there should be one monopole, which does not correspond to the experimental 
data.

The listed problems can be solved if we assume that in the early stages of evolution 
the universe expanded exponentially, as a result of which it became practically flat. 
However, the inflationary paradigm itself is beyond the scope of the standard model, 
and it has not been possible to justify it from the first principles to the present time. 
Another disadvantage is that it assumes the existence of structures that are many orders 
of magnitude larger than our universe. Such a prediction is difficult to verify 
experimentally.

A Pure Quantum Universe as an Alternative to 
Inflation
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In general, it can be noted that both the inflation model 
and alternative models (see, for example, [6,7]) contain a large 
number of adjustable parameters, which can be attributed to 
the shortcomings of both approaches.

On the other hand, there are still a number of important 
unresolved cosmological problems, among which we can 
mention the problem of the predominance of matter over 
antimatter. According to modern observations, antimatter is 
practically absent in our universe. Currently, a number of 
scenarios for this phenomenon have been proposed (see, 
for example, [8]), but its mechanism remains largely unclear. 
Note that most symmetry breaking scenarios also require 
going beyond the standard model.

The purpose of this article is to show that the listed problems 
can be solved by simply assuming that the universe in the early 
stages was not in a hot state but in a pure quantum state.

Expansion of the Universe: the Friedmann 
Equation or the Wave Function?

At present, it is believed that the universe originated from a 
hot, super-dense state. Further evolution of the universe is 
usually described on the basis of Friedmann equations, which 
are consequences of general relativity for the case of an isotropic 
fluid [8-10]. Such equations (containing thermodynamic 
parameters, such as, for example, pressure) can be applied to the 
case of local equilibrium in the universe. The presence of such an 
equilibrium is postulated.

An alternative is to simulate the expansion of the universe using 
the wave function. In the works by Hartle JB and Vilenkin A 
[11,12], the expansion of the universe was modeled on the basis 
of the Wheeler-de Witt equation, which has the form [13]:

ĤWdW·Ψ=0

where ĤWdW - is the Wheeler-de Witt Hamiltonian, and Ψ is the 
wave function of the universe. At the same time, a number of 
scenarios for the origin of the universe «from nothing» are 
proposed, when the total energy of the system (equal to the 
sum of the gravitational energy and particle energy) is zero. 
The Wheeler-de Witt equation is considered a good first 
approximation for describing the quantum evolution of the 
universe.

These two approaches are alternatives of each other, 
since in the first case, the thermodynamic equilibrium is 
postulated in the system (that is, the system is in a mixed 
state), and in the second case, there are no thermodynamic 
parameters in the system, and it itself is in a pure state.

In the second case of the pure state of the universe, the 
problem of self-action arises, since the universe acts «on 
itself» during the expansion. If the system is in local 
thermodynamic equilibrium, then such a problem does not 
arise, since some parts of the system can act on its other parts. 
However, for a pure state in the system, it is impossible to 
single out its «parts» - the system is described by a single 
wave function. Can a system, that is in the pure state, create a 
curvature of space, thereby determining its own dynamics?

The concept of a «Quantum Universe» often implies 
quantum gravity [14]. At the same time, it must be noted that 
a situation is possible where the particles behave in essentially 
a quantum way, and the fields do not. For example, in 
calculating energy levels in an atom, the quantization of fields 
can be largely ignored, based only on the quantum behavior 
of electrons (although the transition of the particle to a lower 
level itself is closely related to the quantization of fields). The 
quantization of gravity is assumed to be important at densities 
on the order of Planckian, but with further expansion of the 
universe, the effects of the quantization of gravity can be 
considered small. There is also a large number of approaches 
to the quantization of space-time [14], which will not be 
considered in this article.

The Model of the Pure Quantum State 
of the Universe
To solve the problems of flatness, homogeneity of the 
universe, and other problems listed above, we assume that the 
universe at the beginning of the expansion was in a pure 
quantum state. Such a statement with respect to the universe 
also requires some auxiliary (but natural) assumptions:

1.	 The universe was born «from nothing», that is, its 
total energy, including the gravitational energy and 
particle energy, was zero. That is, in the «initial» 
moment of time, the universe, in fact, was a free 
particle.

2.	 In the process of expansion, while the state of the 
universe is pure, the action of the universe on itself is 
absent. The curvature of space-time is strictly zero. That 
is, the universe expands in a flat space, representing a 
spherical wave

3.	 The pure state of the universe is metastable. As a 
result of interactions with vacuum fluctuations after a 
certain time τpure, the universe goes into a mixed state.

4.	 In the pure state, the universe is a condensate, described 
by a single wave function, in spite of the fact that it can 
consist of a large number of particles. Such a condensate 
can be treated as a set of entangled particles.

5.	 After the transition of the universe from a pure state 
to a mixed one as a result of many subsequent births 
and annihilation of particles, a local thermodynamic 
equilibrium is formed, i.e., universe is thermalized and 
heated (Figure 1).

Figure 1. The Transition of the universe from the pure state to mixed.
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Since the universe is in a pure state, before decoherence 
(transition to a mixed state), one cannot speak about any 
definite curvature of space-time, since the equations of 
general relativity use only classical (non-quantum) parameters 
(compare, for example, one cannot speak of a definite position 
of a quantum particle before measurement). Consequently, 
the Friedmann equations at this stage of the expansion of the 
universe are not applicable.

Such an expansion process is largely similar to the EPR 
experiment, when a pair of particles has been initially in a 
singlet pure state and gradually move away from each other. 
In this case, such a pair of particles is described by a single 
wave function. As a result of measuring the parameters of one 
of the particles, the second particle also instantly passes into 
a mixed state.

We show that on the basis of the proposed model, the 
main problems of the initial stages of the expansion of the 
universe can be solved.

Entanglement, Superluminal 
Communication and the Horizon 
Problem

Let us first consider the basic properties of entangled 
particles and the laws of decay of entanglement. There are 
several definitions of the term «entanglement» see, for 
example, [15]. One definition is the following:

‘Entanglement implies that the whole system cannot be 
represented as a product of the subsystems’.

This property means that, prior to measurement, 
entangled particles behave as one particle whose behavior is 
described by a single wave function.

As will be shown below, the problem of homogeneity of 
temperatures of distant regions of the universe can be solved 
on the basis of superluminal communication. The problem of 
superlight communication has been considered repeatedly 
and has various aspects.

On the one hand, there are no-communication theorems. 
These theorems limit the speed of information transfer in an 
arbitrary quantum system (see, for example, [16]). Quantum 
entanglement can create the impression that information can 
be transmitted faster than the speed of light. However, 
according to the no- communication theorem, these 
phenomena do not allow true communication, they allow 
only two observers in different places to see the same system 
simultaneously, without any control over what they see.

On the other hand, in experiments with entangled particles 
[17], it was found that the signal about the measurement of 
the state of one particle from an entangled pair propagates at 
a speed much higher than the speed of light.

One of the arguments against the propagation of 
information faster than the speed of light is also the possible 
violation of the second law of thermodynamics [18]. According 
to the author, if there is no interaction between two entangled 
particles (for example, in the EPR experiment), however, in the 

measurement of one particle the state of the second one also 
changes, this corresponds to an additional decrease in the 
entropy of the isolated system. Since such processes are 
forbidden by the second law of thermodynamics, this is what 
is considered by a number of authors as a prohibition of 
superluminal communication. However, this argument 
implicitly implies that there are thermodynamic parameters in 
the system, such as entropy, temperature, etc. However, for a 
system that is in a pure state, there are no grounds for 
introducing any thermodynamic parameters, since the system 
is not in equilibrium.

Another manifestation of superluminal communication is 
Wheeler’s delayed experiments. Wheeler’s thought 
experiment [19] is a variant of an experiment with two slits in 
which one of the slits can be closed after the photon has 
passed through both slits, but has not yet reached the screen. 
That is, in fact, the choice of the structure of the system with 
which the photon interacts is postponed. At present, this 
experiment is implemented, although in a slightly different 
form (see, for example, [20-25]).

Thus, we can draw the following conclusions on the problem of 
superluminal communication:

-- Entangled particles can be connected with arbitrary 
speed (at least, as far as modern instruments allow it 
to be checked),

-- With what speed information can be transferred from 
one point of the system to another - this is another 
matter. The answer to it largely depends on the 
definition of information. However, the information 
transfer rate has nothing to do with the speed of 
decoherence and thermalization. During decoherence, 
the information channel is not formed, since the transfer 
of the interaction occurs only in one direction.

Various scenarios of decoherence of qubits depending on 
their correlation length are considered in the study by Breuer 
HP et al. [26]. In particular, for the case when the correlation 
length is large, the collective interaction of qubits can lead to 
a significant enhancement of decoherence.

Thus, if the moving particles of the universe were entangled 
with each other, then these particles will simultaneously 
transit into their ground state (decay), no matter how far apart 
they are. This means that their further thermalization 
(associated with the creation and annihilation of other 
particles) will depend on the degree of entanglement of the 
initial state, but not on the size of the system.

Thus, at the initial pure stage of the evolution of the 
universe there are no thermodynamic parameters, and the 
size of the universe varies according to the law:

R=ct
Since the transition of some particles to the ground state 

depends significantly on the transition of others, this 
phenomenon can be treated as a phase transition.

Later, after establishing thermodynamic equilibrium, 
according to modern models (see, for example, [8]), the scale 
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factor changed to the recombination epoch as

And after recombination epoch to present time as

Thus, the problem of the horizon is resolved by the fact 
that entangled particles are thermalized, no matter what the 
distance between them, even if this distance exceeds the 
value of ct.

The Problem of the Flat Universe
Since in the pure phase (at times t<τpure) of the expansion of 
the universe it does not act on itself, then, as already noted 
above, the curvature of the universe remains zero throughout 
this entire phase. In classical mechanics, the self-interaction of 
particles is associated with the emission of electromagnetic 
waves by them (see, for example, [27]). The transition of the 
pure state of the system to the mixed one is caused just by the 
radiation of the particles. Therefore, until the particles (any) 
are radiated, and the system remains in a pure state, there is 
no self-action. Then in the process of expanding of universe 
during the pure phase, the following condition must be 
fulfilled:

Ω-1=0

where Ω=ρ/ρc characterizes the difference between the mean 
density ρ and the critical ρc one. This condition, which is a 
consequence of the purity of the quantum state, automatically 
solves the problem of fine tuning of the universe in the early 
stages. The problem of fine tuning is that extrapolating the 
known laws of the expansion of the universe within the 
standard cosmological model (without inflation) on Planck 
times tP requires a fine tuning of the parameter Ω, such that 
(see, for example, [28]):

0 ≤ Ω-1=10-60

This would mean that the kinetic term at tP must have 
differed from the gravitational term by about one part in 1060. 
On the other hand, the kinetic and gravitational terms are 
now comparable.

Thus, at the beginning of the next stage, when the pure 
state is destroyed and thermodynamic equilibrium sets in, the 
average density of the universe is exactly equal to the critical 
one.

The Problem of Monopoles
Models of elementary particles assume that at energy 

greater than 1016 GeV the symmetry is violated. This leads to 
the inevitable emergence of monopoles [8]. If they could not 
annihilate, then their ratio to the number of photons will 
remain approximately constant. At that time, one monopole 
must now be present per nucleon, which is completely 
inconsistent with the experimental data.

Monopoles in fact were topological defects. The 
inflationary paradigm suggests that because of the 
exponential expansion of the universe, even if the monopoles 

existed at its early stages, after inflation their density turned 
out to be so small that it is not possible to detect them in our 
part of the universe. However, if the universe was in a pure 
state, then the absence of defects is quite natural. This absence 
can be considered one of the definitions of the pure state. 
Thus, in the process of expanding the universe in a pure 
quantum state, the monopoles could not exist. If after 
decoherence of the pure state temperature of the universe 
turned out to be insufficient (less than 1015 GeV), then the 
monopoles could not form at any significant level in this stage 
either.

The Problem of the Predominance of 
Matter over Antimatter
Since the matter currently predominates over antimatter, this 
fact needs to be justified. Since Sakharov’s work [29], a number 
of mechanisms for baryogenesis have been proposed (see, 
for example, [30-32]), most of which go beyond the standard 
model and also require additional assumptions. The basic 
conditions for baryogenesis are as follows [8]:

1.	 There must be a physical process that violates the law 
of conservation of the baryon number.

2.	 There must be a violation of the invariance of C and CP.
3.	 There must be a violation of the state of thermal 

equilibrium.

Regarding these conditions, we can note that they are not 
directly related to the inflationary paradigm and require 
additional assumptions. Violation of C and CP-invariance was 
experimentally discovered, however how great is this effect? 
A weak violation of the conservation of baryon charge is 
predicted by several theories that go beyond the standard 
model (see also [33-36]). Can such a weak violation play a 
decisive role in nucleosynthesis? There is also a number of 
models of symmetry breaking and violation of thermal 
equilibrium [8].

We show that this problem can also be solved on the 
basis of the entanglement of the expanding quantum system. 
Let us assume that the flying particles (condensate) with equal 
probability can decay into particles and antiparticles. In the 
absence of any asymmetry, the creation of a particle or 
antiparticle in this case is a random process (Figure 2). 
However, since particles (from which baryons are subsequently 
born) are entangled with one another, such a violation will 
occur immediately in the whole system, and not in its 
individual regions. That is, the resulting fluctuation will be 
significantly strengthened due to entanglement and will cover 
the entire system. Then the system will have either a matter or 
antimatter. If the entanglement between the original particles 
is not complete, then the predominance of matter over 
antimatter (or vice versa) will also be incomplete, but sufficient 
for the formation of baryons. As a result, after the annihilation 
of a part of the matter and antimatter, there will be an excess 
of one or the other.
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Figure 2. Asymmetric decay of a symmetric state.

After the collapse of the pure state of the universe, the 
temperature first increases strongly due to decoherence, and 
then the era of radiation domination occurs, during which the 
temperature begins to decrease. The further evolution of the 
universe can be described by known models, according to 
which, in the future (see, for example, [8]), the electroweak 
interaction separates from the strong one, then quarks and 
known elements are formed.

Another Consequences of the Model of 
Pure Universe

Since after decoherence, gravity «turns on» almost 
instantaneously, the acceleration also becomes essentially variable. 
Since gravitational waves are caused by variable acceleration, this 
should lead to the existence of primary gravitational waves. These 
waves must accompany the process of decoherence of the pure 
universe. The discovery of such waves is currently one of the important 
problems of experimental cosmology.

As already noted above, the decoherence of a large 
number of entangled particles can be treated as a phase 
transition. The most important property of such a phase 
transition is that it occurs simultaneously in the entire system 
and is not related to the presence of a critical nucleus. This 
property is characteristic of phase transitions of the second 
kind. In such systems, as well as in a wide class of systems 
associated with self-organized criticality, the perturbation 
spectrum is scale- invariant in view of the absence of a 
characteristic size in the system. As is known, this is the 
spectrum observed in the distribution of matter in galaxies 
(see, for example, [37]).

On the other hand, the power spectrum of perturbations 
may not be directly related to inflation or any other initial 
conditions. It is known that systems with dominant gravity 
(namely, the universe at a rather late stage) are not locally 
equilibrium, but represent essentially chaotic nonlinear 
systems with long-range interaction. In this case, the power 
spectrum is characteristic of a wide class of systems with 
gravity (see, for example, [38-40]), and weakly depends on the 
type of initial perturbations, and hence on the state of the 
universe in the early stages.

Conclusion
Thus, the pure state of the expanding universe in the early 

stages allows, without additional assumptions (within the 
framework of the standard model), to explain flatness and 
homogeneity of the universe from a single point of view, as well 
as the predominance of matter over antimatter and the 
absence of monopoles. Such a mechanism can be considered 
as an alternative to the inflationary paradigm.
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