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Our world is a quantum, discrete and discontinuous world and any phenomena that look classical are 
approximate or derived. The finite Universe has an impenetrable edge in form of the virtual, ubiquitous holes which 
prevent classical motion at small scales and cause quantum behavior: the particles must “jump” over holes continually 
and it is a cause of quantum behavior. Since the holes are very small, therefore microscopic particles behave 
differently than classical macroscopic objects. If we increased the size of the holes, we would be able to convert any 
macroscopic body into a quantum object with long de Broglie wavelength. The probabilistic character of the quantum 
mechanics originates from a discontinuous, fluctuating spacetime with holes and intrinsic randomness of Hole 
Teleportation events. The Universe is composed of indivisible atoms and holes. All quantum mechanical phenomena 
are ultimately a consequence of existence of holes and quanta.  

 
 
 

1 What is the nature of space? 
 

The Universe is commonly defined as the totality of everything that exists, including all matter and 
spacetime. Consequently, outside of the Universe is nothing in an absolute sense. Thus, a “hole” devoid of 
matter and spacetime must be the edge of the Universe because it is not a part of the material Universe. 
Since the Universe must be homogeneous and isotropic, therefore the edge of the Universe must exist at 
every point in the Universe in form of the virtual holes in spacetime. Spacetime can be discontinuous only 
if it contains such non-material holes.  
The edge of the Universe is an impenetrable, non-material barrier through which matter can not pass. 
These virtual, microscopic, ubiquitous "walls" in space prevent the classical motion of particles at small 
scales and cause them to have quantum behavior. In other words, the edge of the Universe behaves as a 
barrier of some kind that forbids classical motion at small scales and impedes our motion because holes are 
the sources of inertia and gravitation [1]. The detection of holes will be the proof that the Universe is finite 
in volume and have the virtual edges. The space in the Universe is curved back on itself by holes: 
forgetting about superluminal expansion of the Universe, we could circumnavigate it, going one way in a 
straight line and coming back from the opposite direction. The infinite Universe (in volume) is 
incompatible with a digital description because it can not have edges, and therefore can not have 
fluctuating holes and atoms.  

According to Democritus, the only thing that existed was atoms and the void. In Hole Theory [2], 
the Universe is composed of material atoms and non-material holes, which appear and disappear 
continually. In fact, it is fluctuation of existence (atoms) and non-existence (holes). Space-time also 
consists of spatial atoms dV and holes which appear and disappear continually. When a volume dV 
disappears, it leaves a hole in its place and vice versa. Since a hole can have no extension, it is filled in by 
the surrounding particles as soon as possible. However, environment cannot fill a hole instantaneously 
because its speed is limited by the speed of light c due to the hole’s lifetime is nonzero – holes do really 
exist. The properties of holes are described here [3]. Note that the notion “disappearance” of objects means 
“to throw outside of the Universe”, or Hole Teleportation. 

 Most likely the sizes of the spatial atoms dV and holes are of order ≈ 10–15 m because it allow the 
Hole Theory to take its simplest form. However, it is not a minimal possible length – the theory allows the 
existence of smallest and even point particles. In general, the notion of the length for micro-objects is 
relative, it depends on the concentration of dV and holes in the surrounding space: the more holes, the 
smaller the length/particle. Therefore, the sizes of elementary particles fluctuate continually because all 
spacetime geometry fluctuates due to appearance of holes. Since a hole is able to accelerate particles, it 
possess action/energy that must be an integer multiple of Planck's constant. 

Space-time is a boiling sea of elementary volumes dV, holes and their decay products (virtual 
particles), fluctuating rapidly over distances of about 10–15 m because the hole’s lifetime is very short 10–24 
s. Also there are large spontaneous fluctuations of space-time, when several elementary holes appear 
together forming a large hole. We can observe the hole structure of discrete spacetime at direct detection of 
distance fluctuations between bodies. 
 
 



2 The nature of the motion 
 
Imagine the spacetime as a boiling sea of elementary volumes dV and holes. The appearance of 

holes causes extremely fast fluctuations of geometry of spacetime at small scales 10–15 m. In microworld 
we can not draw the straight lines because spacetime is discontinuous and fluctuating. Hence in quantum 
mechanics there is no trajectory in the classical sense because of appearance of impenetrable holes. How 
can a particle move in such discontinuous space with holes? 

    
 

Fig.1 The particle P cannot move through the impenetrable holes. Instead, the particle can “jump” over holes using 
Hole Teleportation; the particle is “smeared out” over some region of space as a cloud and exists in many 
places/paths at once. 

   
The classical mechanical motion at small scales is forbidden because space is discontinuous and 

contains impenetrable holes – a hole is impenetrable because matter cannot move outside of the Universe. 
The only way to move through such space with holes is to jump/teleport over holes using Hole 
Teleportation laws. 

B. Russell wrote [4]: “Motion consists merely in the occupation of different places at different 
times. So it is true that there is no motion during any instant”. Thus, if the particle exists in many places at 
once, it is neither continuous nor discontinuous motion, because the particle does not have time to move 
and is at rest during that instant – a particle cannot change its position during that instant. In general, the 
existence of a particle in many places at once cannot be explained by notion of motion. Actually Hole 
Teleportation (HT) only can explain this phenomenon: a particle can be in many places at once by curving 
space-time so that all these places coincide. At small scales a free particle is in the state of HT always – all 
particles jump outside of the Universe instantaneously, “moving” from one place to another without 
traveling through the intervening space. However, these instantaneous jumps (teleportation) cannot be used 
for superluminal communication if objects are entangled. It explains how a particle can tunnel through an 
impenetrable barrier or pass through two slits at the same time. The electron is no longer a point in space 
moving along a definite path, but a cloud of the HT events or a matter wave. It is possible to explain 
quantum phenomena using the laws of HT and vice versa. Perhaps flow of time may appear as a 
consequence of teleportation of quanta in time. Classical motion of the object is an approximate 
phenomenon – at microscopic level all object’s constituent particles are in the state of HT and does not 
have trajectories. The microscopic particles propagate in space as the clouds of teleportation events 
because they tunnel/teleport in space and time continually.  

 
 

3 The Hole nature of Quantum Nonlocality 
 

We have to explain why Quantum mechanics is unavoidably nonlocal – particle behavior can 
correlate across vast distances.  Since holes (the edge of the Universe) exist near every particle, therefore 
any particle can “contact” every other space-like separated particle through a hole.   

               
 
Fig. 2 Quantum Nonlocality:  particles P1 and P2 are “close neighbors” through the edge of the Universe. 



 
In fact, holes act as some kind of non-traversable “tunnels” from one region of spacetime to another (it is 
not wormhole). 
One can imagine that a particle P1 is placed in Andromeda galaxy and the particle P2 is near you. Note:  

•  holes exist in every point of Universe, and particularly near P1 and P2;  
•  holes have no extension or dimensionality;  
•  quanta are able to “jump” through the holes using Hole Teleportation.  

Consequently, these particles are close “neighbors” through a hole, therefore spatially separated quantum 
systems can instantaneously influence one another. Every particle in the Universe may “feel” other distant 
particles through a hole – it explains long-distance quantum correlations.  

Imagine that the particle is thrown outside of the Universe – into a hole. Since matter cannot exist 
outside of the Universe, the particle “leaves” the hole instantaneously – the amount of time spent by 
particle outside of the Universe is zero. Since the holes (border of the Universe) exist everywhere, the 
particle emerges from the hole at random in the Universe. Therefore, every particle can “communicate” 
with every other distant particle through the hole by using Hole Teleportation. It explains Hole 
teleportation and the same is proposed for Quantum Nonlocality. The motion of matter and propagation of 
fundamental fields is forbidden through a hole, because it does not have the extension and time: matter and 
fundamental fields are not able to move outside of the Universe. It prevents the violation of principle of 
locality, that an object is influenced directly only by its immediate surroundings. Since quantum jumps like 
HT are allowed only through a hole, therefore nonlocal effects are observed in quantum phenomena only, 
whereas the objects in our daily lives behave "normally".  

The world with holes in spacetime only can be nonlocal and discontinuous. 
 
 

4 Quantum Trace 
 

According to theory, all particles appear and disappear continually. If an electron disappears, it 
means it was thrown out of the Universe – into a hole. From here the “distance” to the arbitrary point of the 
universe is equal to zero because holes exist everywhere, therefore an electron could appear at random in 
the Universe. On the other hand, we observe that a material body does not lose its constituent particles due 
to such jumps. It means, after disappearance, all the constituent electrons appear in the same body. That is 
very strange – there are myriads of the indistinguishable particles in the Universe, but the electron 
“remembers” only the concrete place/body. How an electron can find its original position?  

There is only one logical answer: an electron “jumps” outside of the Universe and leaves some 
kind of trace (label). Then, being outside of the Universe, an electron is able to find its place by help of this 
trace. More precisely speaking, an electron could leave a record on fundamental fields describing its past 
interactions, or a causal history – it is a trace or quantum memory. For example, imagine an electron had 
three interactions with another electron with energy E1 at 48 degree angle and two thermal photons with 
energies E2 and E3 – it is a unique trace (passport) of the particle that helps one to find its place in the 
Universe and remember information about other pairs of observables.  

To sum up: when a particle disappears, one leaves a record (causal history) on fundamental fields 
about its interactions with environment; Then, by help of this information one can find its initial place. It is 
clear that a particle is not able to appear in a point with definite position using trace because information is 
not precise and holes appear continually; actually the particle is smeared out over some region of space 

hN
p

λ = .  To briefly sum up: The object can exists on his trace only, consequently, if a particle has several 

spatially separated traces, then one could exist in several places simultaneously. If we delete the object’s 
trace (memory), then an object “forgets” its position and disappears, being “smeared out” over the 
Universe.  

 
 
 

5 Derivation of Entanglement 
 

We can derive the notion of entanglement from the notion of trace or double-slit experiment:  



To understand the nature of entanglement, let us examine the method that could be used to 
entangle any particles [5]: “To entangle the spins of two electrons, you first need to make sure they're 
identical in all respects but their spin. Then you shoot the electrons simultaneously into a beam splitter. If 
you split two electrons simultaneously, both paths could have one electron each or either path could have 
both. Bose and Home show mathematically that whenever one electron is detected in each path, they will 
be entangled”. 

It is generally known that for interference, a single particle must fly through both slits 
simultaneously, being in two places at once. Since Zeilinger’ team shoots the electrons simultaneously into 
a beam splitter, it means they use just this phenomenon for entanglement. Electrons become entangled 
because they jump to one another (exchange their positions), being in two places at once and form a single 
quantum system. Since inside of beam splitter particles were in two places at the same time, the next 
logical step is to consider that further they remain in this state even after particles live the beam splitter. It 
means that entangled particles are always in many places at the same time, it is the nature of entanglement. 
In other words, particle A jumps instantaneously (using HT) to B, and B jumps to A – they exchange their 
positions and are in superposition. Consequently, both spatially separated particles form a single quantum 
system. 

 
Fig. 3 Entangled particles “jump” instantaneously to one another and exchange their coordinates (positions). It is in 
agreement with description of Hole Teleportation as the exchange of volumes (positions).  

 
Then, if we measure the state of one particle, in fact the measuring device interacts with both 

particles at once, because they jump to one another instantaneously. Therefore both particles will "know' 
about measurement simultaneously due to the particle A becomes localized in one place with one spin, and 
B becomes localized in another place with opposite spin (wavefunction collapse). Therefore, 
measurements on spatially separated quantum systems can instantaneously influence one another - it is the 
nature of entanglement and HT. Decoherence occurs when a particle have a very large number of traces at 
interaction with environment.  

Derivation of entanglement from quantum trace: By definition, a particle exists on his trace only. If 
we create two traces, a particle must exist in two places at the same time. For example, let we create a pairs 
of photons A and B that fly in opposite directions; since photons interacted with each other only but not 
with environment, both photons are traces for each other and exist in two places simultaneously. In fact, 
both particles exchange their positions, being in two places at the same time, in the state of superposition. 
Therefore two particles are part of a single system and their quantum states are correlated; and particles 
continue to act in concert with one another no matter how far apart they appear to be separated by 
spacetime.  
 

This is in accordance with the recent findings that position and momentum can be predicted more 
precisely than Uncertainty Principle would lead one to expect, if the recipient makes use of a quantum 
memory [6]. It proves the above mechanism of entanglement as the exchange of particles. Since both 
entangled particles are in two places at once, in superposition, jumping to one another, therefore full 
quantum information is recorded on two spatially separated places/traces. Consequently, if we measure the 
state of one particle only, the result will be limited by uncertainty, because the particle exists in two places 
at once, whereas we measure one particle/place only. Therefore, if two distant particles that are entangled, 
are measured, the results are more similar than predicted by classical physics because we deal with both 
particles/positions simultaneously. 

 
 

6 Uncertainty Principle and de Broglie wave 
 
It is self-evident that an electron can be neither at rest nor have a definite position in space because 

such place does not exist – holes appear everywhere.  It literally has not a permanent location. At small 
scales you will never find an unchangeable volume of space because of appearance of holes. Hence, in 
quantum mechanics nothing can be exactly in any place at all. 

http://www.membrana.ru/particle/2270


     
 
 Fig. 4 Particle P is “smeared out” over a region of space by holes.  

 
If near the particle P appears a hole, one must fill a void, consequently appears a force that tries to 

move this particle to the hole, therefore the momentum ∆p of a particle changes.  In the next instant a 
particle fills a hole – it is a change of its position ∆x, and so on. Thus, because of appearance of holes, the 
position and momentum of particles fluctuates continually. It explains why the position and momentum of 
particles in quantum mechanics do not have precise values, but have a probability distribution. Since the 
action of a vacuum hole is equal to the Planck constant, it is clear that x pΔ Δ  cannot be less than Planck’s 

constant. However, if we increase the number of holes acting in unison, then we will have *
2

x p NΔ Δ ≥ , 

 The amount of uncertainty depends on how many holes N act in unison on object as a whole.  1,2,3...N =
De Broglie wave  Let us consider another case when a hole appears just in place of particle P (Fig. 

4). It means that a particle will be thrown out of its volume by a hole. Taking into account that the 
action/energy of elementary holes is constant (quantized) and equal to the Plank constant, consequently a 
hole will eject, for example, light particles on long distances, and heavy particles on small distances; It 

explains why the relation between wavelength and momentum is the way it is 
hN
p

λ = ; or 
hN
mv

λ =  for a 

non-relativistic case, where N – is the number of holes acting together (in one direction) on given object as 
a whole.  

Further, if a particle is ejected by a hole, then one should appear in the next place. Imagine this 
place also is occupied by another hole; in such case a particle must exist in several places simultaneously, 
in form of a cloud. All microscopic particles are “smeared out” over some region of space by holes due to 
they have wave-like properties:  matter waves have a direct physical interpretation as a particle “smeared 
out” over a region of space by holes – a particle  being in many places simultaneously in form of a cloud. 
Such description coincides with description of HT: at teleportation a hole sphere is “smeared out” over 
large region of space and exists in many places at once. The probability of teleportation’ events increase 
inside of region λ and are vanishingly small in outside space because a particle appears on its trace only. 
Where the associated wave has a large amplitude, the probability of teleportation events (finding an object) 
there is high. The amplitude of the wave tells about the probability of finding a particle in space at a 
particular instant. It explains the wave-particle duality: if a particle is “smeared out” over some region of 
space, then it is a wave. When a particle is detected and localized, it has the particle-like behavior. 
Therefore particles propagate as waves, but are detected as particles. 

A macroscopic body does not have wave-like properties because the Planck constant is 
ridiculously small. Suppose we have a body with mass 10 kg and speed 1 m /s, which interacts with 
elementary holes. Of course, such small holes 10–15 m are not able to delocalize the heavy body, therefore 
it has the classical behavior. Now imagine we increase the sizes of holes to obtain the large holes with 
diameter 0.2 m. If near a body appears a large hole, the rate of vibrations will increase. Suppose that a part 
of holes N = 1035 act in unison on the object as a whole, then the rate of instantaneous vibrations of a body 

will be: 
34 356.626*10 *10

10*1
λ

−

=  =6.626 meters and one will display quantum (wave) properties. Such 

large fluctuations of object’ position can be called teleportation because it is the process of moving from 
one place to another without traveling through the intervening space. In fact, the "amount" of non-locality 
is determined by the uncertainty principle [7]. 

By varying the sizes of holes from 10-15 m to 0.2 m, we will see how a body gradually disappears 
from view. We are not able to see one because it is “smeared out” over a large region of space and does not 
have a definite position. This property reminds us the complementarity principle: we cannot observe and 
measure the purely wave and particle-like behavior of a single particle at the same time.  Also, now it is 
impossible to measure a sphere’s well-defined position and momentum simultaneously because the product 



of the uncertainties *
2

x pΔ Δ ≥ N  is so big that the uncertainty principle has effect on objects of 

macroscopic scale.  
 

    
 

Fig. 5 De Broglie matter wave – a particle is “smeared out” over some region of space, being in different places at the 
same time. It has been shown [8] that such cloud has wave-like properties as diffraction and interference. 

 
In this imaginary figure all black points represent a single particle being in many places 

simultaneously; also points may have meaning of empty wavefunctions, which do not interact with matter, 
but can change instantly the behavior of a particle – to be wave-like or particle-like. 
1 Since both mater wave and uncertainty principle are derived from the same model, it may be the proof 
that hole interpretation is correct in describing both phenomena; because, it is generally known that the 
modern explanation of the uncertainty principle depends on the wave nature of a particle.  
2 Because of appearance of holes, there are inbuilt uncertainties in nature. Therefore, when, for example, 
measuring position and momentum, uncertainties must appear even if perfect measurements were possible. 
3 This hole model reminds us the complementarity principle: It is self-evident that we cannot observe the 
same particle being located in a single place and being “smeared out” over a large region of space 
simultaneously. It is a cause why we cannot observe and measure the purely wave and particle-like 
behavior of a single particle at the same time. 
 
 

7 Zero-point energy 
 

There is no rest for microscopic particles because of appearance of holes. All physical systems, 
even at absolute zero temperature, vibrate and have a zero-point energy that is greater than zero. Liquid 
helium-4 remains liquid at atmospheric pressure even at absolute zero because holes cause its atoms to 
randomly vibrate. According to the theory [2, 3], large holes decay into particle-antiparticle pairs, which 
shortly annihilate each-other and disappear, and these fluctuations have observable consequences, like the 
Casimir effect and Lamb shift. The interaction between the electron and the holes (and virtual 
photons/particles created by holes) causes a tiny energy shift on . Thus, holes cause small zero-point 
oscillations that cause the electron to execute rapid oscillatory motions due to the electron is "smeared out" 
and the radius is changed from  to

2
1/2S

r r r+ ∂ . The explanation of these phenomena only by electromagnetic 
fluctuations is wrong: it can explain the Casimir effect and Lamb shift, but not the fluctuation of geometry 
of spacetime or vibration of neutral particles like neutron. In contrast, holes cause vibration of the entire 
Universe, including spacetime and all particles. 
 
 

8 Why isn't nature more non-local? 
 

The amount of entanglement may play a central role in quantifying the strength of nonlocal 
correlations [9]. To obtain the largest amount of non-locality, (as superluminal communication), we must 
cut off the object’s entanglement with environment. There is not a single experimental result that shows 
superluminal communication – because we are not able to create a perfect isolation in absolute sense. If 
the object is entangled with other particles or environment, one can never be transmitted faster than the 
speed of light. It explains why phenomena as entanglement, tunneling effect and quantum teleportation 
cannot be used for superluminal communication – because they use entangled particles. Also wormholes 
and warp drives cannot be used for superluminal communication because they use objects entangled with 
environment. Hole Teleportation is a sole method able for superluminal communication because the closed 
hole surface is a perfect isolation for the object that cuts off its entanglement with environment. HT does 



not violate causality, because teleportation is possible between two points in the same frame of reference 
only, where we can synchronize clocks using Einstein’ procedure with light signals.   

It is easy to demonstrate that Hole Teleportation is a quantum phenomenon: 1) It is known that 
quantum effects disappear as soon as an object ceases to be isolated from its environment. To see a 
quantum behavior in the complex system it must be very isolated. At HT we entirely surround the body 
with hole surface that is the perfect isolation in absolute sense. Hence an object is totally decoupled from 
the rest of the Universe and must show quantum behavior; Consequently HT is a quantum phenomenon 
because it deals with perfectly isolated systems only. 
2) Although some authors affirm that “Quantum mechanics cannot be more non-local with measurements 
that respect the uncertainty principle” [7], we can obtain the largest possible amount of nonlocality using 
just the uncertainty principle and perfect measurements. HT is the largest nonlocal phenomenon because it 
is the superluminal communication. Let us compare the known properties of HT with the uncertainty 
principle. According to classical description [10], at HT an object appears in a random place of the 
Universe with the same speed and direction of motion: In other words, the object “forgets” its place but 
remember momentum. This scenario reminds us the uncertainty principle: locating a particle in a small 
region of space makes the momentum of the particle uncertain; and conversely, that measuring the 
momentum of a particle precisely makes the position uncertain. It seems that HT is just a procedure of 
measurement of momentum absolute precisely, since at HT an object forgets its position, being “smeared 
out” over entire Universe, but remembers its momentum.  
 

 
 
Fig. 6 Hole Teleportation is the particle-wave-particle transformation. 
  

Thus, according to trace theory, a macroscopic body is particle-like and localized in a single place 
only because it is entangled with environment. Without entanglement all matter would be wave-like and 
smeared out over the Universe. Hence, to transform the massive particle-like object as a whole into a wave 
we must smear out one over a large region of space: 

• by increasing the number of holes acting on the object as a whole, in the same direction;  
• by cutting off the object’ entanglement with environment.  
• by lowering the temperature and thus increasing the thermal de Broglie wavelength (Bose-

Einstein condensate). 
Conversely, to transform the matter wave into a particle-like object, we must localize it in a small region of 
space:  

• by decreasing the number of holes acting on the object as a whole. For example, in HT the 
materialization of object happens when the hole surface decays;  

• by using decoherence – we must entangle a quantum system with environment. For example, it 
happens at measurement when quantum system interacts with a macroscopic measuring apparatus. 

For teleportation to be possible we must transform a classical particle-like object into a wave by 
enveloping one with a closed surface consisting of holes because it increases de Broglie wavelength and 
completely cuts off its entanglement with environment. In result, the body “forgets” its position and is 
“smeared out” over entire Universe due to its wavelength tends to infinity. Then a hole sphere decays that 
causes localization of the body at random on its uniform rectilinear trajectory.  

The reality is fundamentally quantum, discrete and discontinuous, and therefore digital – all 
macroscopic properties of a classical system are direct consequences of the quantum behavior of its parts. 
For example, the existence and the size of atoms, and thus of all matter, is a direct consequence of the 
existence of holes, which force the electrons to move always: it prevents them from falling into the nuclei, 
despite their mutual attraction. The corpuscular behavior, classical motion and other phenomena can be 
derived directly from quantum theory.  
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