The Elasticity of Quantum Spacetime
Fabric

Viorel Laurentiu Cartas



The Elasticity of Quantum Spacetime Fabric

 The notion of gravitational force is replaced by
the curvature of the spacetime fabric.

 “The mass tells to spacetime how to curve and
the curved spacetime tells to the body bearing
this mass, how to move”.
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 Einstein made a strong and strange
assumption: the space time is not only a
mathematical tool, anymore.

e Actually the spacetime is a real object with
structure and properties which can be study in
the frame of physics.

* Einstein has predicted a lot of things, the
gravitational waves being one of the most
interesting predictions.
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e \We have to take into consideration the elastic
nature of the spacetime fabric.

 The most revolutionary contribution Einstein
had, to science, was formulating this
statement:

the spacetime’s fabric is elastic.



At
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If we reduce the spacetime fabric to only one temporal dimension and only one spatial
dimension (1, 1) then we have a surface which could be stress in the time dimension,

implying a spatial compression.

AX

Because of the peculiar elastic properties of the
spacetime fabric such a phenomenon is possible at relativistic
velocities or at significant deformation of the spacetime (aka
intense gravity). So, we can consider time dilation together with
the length contraction: e;1~1/y , &1,~Y, &, = &1 = 0. Here,
€11, &9, €17 and &1 are the components of the strain tensor and

y = /1 — %, with @ , the gravitational potential

There is a consequence called the Poisson effect: €11 = —v - &1,, Where v
Is the Poisson’s ratio and has a value of one for our approach
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The tensor form of the Hooke’s theory of elasticity states that:
a/ =K(g™ gV — g™ g )emn - (1)
This is true if we consider a global isometry . K is half of the Young’s

constant and g™" is the metric tensor. The ¢ is the stress tensor. We can
also use the rank-4 elastic stiffness tensor CY™" , as Cauchy did:

o’ = CU™ gy, (2)
This tensor equation (2) characterizes all the material objects from the

macroscopic point of view.

Einstein has introduced the celebrated dependence between stress-
momentum tensor and the curvature of the spacetime, which is not only
similar but (we may say) is even the same with the Cauchy’s relation (2):

1
87TkTij = Rl] - Egl]R . (3)
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A heavy body bends the membrane which is the fabric of the
spacetime; an extreme heavy body may even disrupts the fabric,
which corresponds to the existence of a blackhole . The disruption
does appear at a certain value of the mass which means that the
spacetime fabric features an universal constant.

The stress-energy tensor determines the spacetime to
compress on transversal direction and to expand longitudinally. So
the spacetime object bends. If we consider a membrane which is
already stressed and have a supplementary dot of material on it,
than the membrane bends. On the contrary, if instead a
supplementary material we make a hole into the membrane, than it
will present an opposite bending. We can introduce a shallow
analogy with the presence of a finite mass (in the first case) and a
black hole (in the second).
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Considering the elasticity of spacetime we can refer to a very
interesting idea: the elastic dark energy of the universe as the
energy of the initially compressed, elastic spacetime of the actual
universe (like an elastic strain fluid). The work of Riess and
Permutter establishes that the universe is accelerated. Because of
this acceleration the physicists have to take into consideration the
existence of the dark matter featuring, which we use to call
nowadays, the dark energy. The dark energy is related to the
cosmological constant, A , which Einstein was not too sure about.
This is the base of a new model, the A CDM model (cool dark
matter model). It fits well with the experimental data.
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Considering the fabric of spacetime as an isotropic fabric we use the
elastic density of energy in vacuum, which is scalar and global:

w = %0‘7 gj = %Cifmn Eij Emn - (6)

Searching for a similar equation in the domain of cosmological
gravity, we have to address to the Friedmann theoretical work. Alexander
Friedmann has established his cosmological equations that deal with the
expansion of spacetime in a homogeneous and isotropic universe,
considering the general relativity:

w=k-(§)2=k-H2. (7)

Here, a is a function of time which is called the scalar cosmological factor
and it is dimensionless. H is the Hubble parameter and is similar to the
strain of an elastic physical object. The density of energy in vacuum is
also proportional to H squared.



The Elasticity of Quantum Spacetime Fabric

Considering that the small-scale is quantum, than we may calculate the quantum force between the spacetime
“atoms”. We take into consideration a pair of free, identical such “atoms”, caring a certain amount of energy W. Our
system is one-dimensional and spinless. The wave function corresponding to a quantum spacetime “particle” is real
and well localized in the vicinities of the point +a and the point —a:

pe = (B e ©

For a parameter 8 > a~2 , the states of our “particles” are very well localized. The wave function for the two
particle system is described by:

Y —x2) = NPy (x)P_(x2) £ Y_ ()4 (x2)] (10)
with N :

_1 —2fa? 12
N=—=(1+e ) : (11)

The bosons correspond to the symmetry (+) and the fermions to the anti-symmetry (-).

2
The Hamiltonian which describes the systemis H = ZC—W (p? + p3) and so, the energy of the two particle system is:

_ n2cp 1z~ (1-2pa?)

E
2W 1+e—2Ba?

(12)
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The force between the spacetime “atoms” depends on the kind of particles we consider;
fermions will always give a repulsive force and bosons will give an attractive force when the
distance is big enough (8 > a~2) and a repulsive one when the separation is very short 8 < a™2:
for fermions

0F _ 2#2p%c%a e‘zﬁaz(—1+2ﬁa2+e‘2"”2) _
P W (1_6_2Ba2)2 ,

F= (13)

for bosons
0E _ 2h*B%c%a _ e_zﬂa2(1—zﬁa2+€_zﬂa2)
da w (l_e_zﬁaZ)Z
Both formulae above allow us to consider that the elasticity of spacetime fabric can emerges
at large scale and constitutes a substitute to gravity. Unfortunately we don’t know if at that scale
quantum physics acts and so, we are lead to a more simple model. If we consider the effect of the
quantum fluctuation at zero point energy level we find a geometric and even a topological force
between cavity walls (simple borders of a geometric domain) at a distance d, which is the
celebrated Casimir force[17][18] (Hendrik Brugt Gerhard Casimir, 1948):

F=— (14)

mlhe 1
240 d3

(15)

may be attractive or repulsive depending on the geometry.
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The elasticity is an emergent feature of the solid state. Trying to describe the spacetime from
the quantum point of view we’ll find that it is very different from the classical description (in the
same manner the quantum theory of the solid state is different from the macroscopic continuum
theory of the solid objects). At the nanoscopic level, we do not use density, stress, strain, etc.. All
these are macroscopic concepts. Such variables couldn’t be quantized in order to build a proper
quantum description of molecules. The continuity concept is only a limit of discontinuous
description of the world. Continuity is emergent. So it is the elasticity and so it is the gravity. The
conclusion of all these is that the spacetime has to have a small-scale structure, which is granular.
The “atoms” of the space time have to be subjects of a peculiar force. From the elastic point of
view, there are good arguments for the Casimir force to qualify as the necessary force. This force
acts on the spacetime at a certain small level. In this respect, the assertion that the Einstein’s
theory of General Relativity is incomplete, because at atomic scale the gravity appears to be
completely unimportant (even, is well tested from cosmological scale down to a millimeter range)

is not valid anymore. Maybe, there is not such a thing like Quantum Gravity. Gravity emerges at
large scale, like elasticity does.
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Quantum description is valid for the small scale (sometimes for the macroscopic scale, when there
is a coherence for a large number of constituents), but we don’t find any gravity at that small scale.
At the small scale we only find a structure of spacetime which is determined by the quantum
fluctuation. In 1995 some physicists have introduced another approach to the theory of gravity.
They have considered that in every spacetime point exist very small black holes. Their peculiar
approach, based on the thermodynamic concepts, sent them to the same general gravity’s results
Einstein has founded using the idea of bending the spacetime fabric. Ted Jacobson — the University
of Maryland in College Park considers that the statistic which is involved into this approach is a
powerful reason to take into consideration that the spacetime fabric has an “atomic” structure[16].

Introducing a mathematical model in order to put the idea of spacetime “atoms” at work, is a
difficult task. We have only few points of departure: the spacetime is discrete; the spacetime
*atoms” are permanently and everywhere, moving apart; in the supplementary room between the
old generation of spacetime “atoms” does appear a new generation of spacetime “atoms”. We don’t
know if the small-scale means quantum scale. Maybe the small scale refers to a new and unknown
world which is situated under quantum dimension and has the quantum world as a limit (in the
same way the quantum physics describes the classical physics at the proper limit). Anyway,
considering that the small-scale is quantum, than we may calculate the quantum force between the
spacetime “atoms”. We take into consideration a pair of free, identical such “atoms”, caring a
certain amount of energy W. Our system is one-dimensional and spinless
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The speed of expansion depends on these stages. If the stage is k then the speed is

proportional to a simple geometric function (Fig. 3):
142k

Fig.2. A simple expansion model
b is constant. At a later stage the speed is bigger (Fig. 3).

Fig.3. The speed of the spacetime “atoms” depends on the different stages of the expansion; the
expansion is accelerated

Though, this representation is very poor, it allows us to conclude that the expansion is
accelerated and the spacetime is granular and the “atoms” of spacetime are brought into existence
continuously, everywhere.

As we can see in Fig.2, we have 4 initial atoms which spread on and between them it is
created enough room for 8 new atoms to emerge. The contribution at this creation is only a halve
because of the vicinity of other eight initial atoms. So, we have only four offspring. This kind of
evolution is very well studied in the frame of the Markov’s chains. The method is called “the
branching process”.
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We considerd, = 4 the initial number of the atoms-parents. The energy carried by the offspring is 1 and is sheared in this
way: E; =ny,-+,E4 = ny. Alittle amount of energy remains to the parent, E, = n,. ny+n,; +n3+ny, =1 represents
the total emergent energy. Because of this mechanism it is possible to appear extinction and a certain number of offspring
aborts. In order to compute the probability of extinction we take into account the generating function:

0(2) =nyg +mz+nyz? + -+ nyz*t (17)
The smallest z,z > 0 which does obey
¢(2) =z, (18)
will give us the probability of extinction u. The equation is:
©(2) =ny + nyz + nyz? + - + nyz* = z and the solutions are: z;, z,, z3, 4 . S0,
U =2z 2Zy " 23 - Z4. The mean number of offspring per atom is:
[=1+ny (19)
The mean size of the n-th generation is:
N=1[" (20)
The iteration method used in this kind of Markov’s chain gives us
0n (1) = ¢" (1) TFL2, 1K, (21)
The standard deviation, squared is
of = @' () TF2 1k + 10— 1" = (4= DI (1" — 1) (22)

Because we have four parents, the probability of extinction will be u*, the mean size of n-th generation will be 4I™ and
the standard deviation of the size of the n-th generation is 20,,.
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Once again, we conclude at the end of this paper, that the
spacetime is elastic, the gravity is emergent and the gravity is nothing
else then elasticity of the fabric of spacetime. Considering the fabric of
spacetime being elastic, we are lead to this revolutionary conclusion
that the spacetime has an inner structure and this means that the
spacetime has a granular texture. The “atoms” of the spacetime fabric
spread on in order to make room for new generations of “atoms”.
Between these peculiar “atoms”, has to act a peculiar force which
entitle us to consider an emergent elasticity. We don’t know yet what
kind of force acts into this structure and we don’t know what kind of
physics governs all these phenomena. Is frightening that we can’t even
Imagine where the new generation of spacetime “atoms” comes from.
These are tremendous questions waiting for tremendous answers.
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