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Abstract
One of the biggest open problems in cosmology is to nd a model of the
accelerated expansion of the Universe in the last 5 billion of years. There were
trials to investigate it classically with adding some other uid, modifying the
eld equations of general relativity or using the extra-dimensional models. But
one can use also quantum gravity. We formulated a new approach to quantum
gravity, which we call the ring paradigm (RP). Graviton is not a true particle,
but it emerges as a vibration of a grid of rings, which are new phenomenological
objects. This has an immediate consequence for the problem of dark energy
and we obtain a quantum model of the accelerated expansion. The theory could
be further applied to the black hole information paradox and cosmology of the
early Universe.
Graviton as a phonon and ring paradigm

Let's explain the basic physical idea of a new paradigm of QG without any redundant mathematical formalism, which will be soon introduced in a paper on arXiv.
We use some ideas from string theory, loop quantum gravity and causal set approach
for developing RP. The rst urgent question, we need to ask, is, could we ever observe
one graviton in an apparatus, as we detect other particles of the standard model?
This question is purely academic, because one graviton has a too tiny eect to be
observable, for example, in the gravitational wave detectors (gravity is the weakest
interaction). Therefore we need to know some proof that quanta of the gravitational
eld exist. One of the possibilities is to detect the inationary gravitational wave
background (for example in futuristic projects DECIGO or BBO), which would provide us with the direct observational conrmation of the statement that gravity must
be quantized. We don't have any doubts on a purely theoretical level of investigations that it must be so. But, in particular, if one describes gravity with a low-energy
eective QFT, there is no evidence for the quantum nature of gravity so far.
The standard picture concerning the second quantization is that the particles of
elds are exchanging between the particles, which feel the given interaction. It was
expected that the same should hold for gravity (we need only to add that it is an
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Figure 1:
We usually work with space-time in the QG theories, but here we start our construction with a discretization of R3 . RP was formulated on the set of Hopf-linked rings,
which mediate gravity and create trajectories for other particles and elds. This set
is also known from loop quantum gravity, but with a dierent usage.

universal interaction). We claim that this picture does not hold for gravity ! There is
no single particle carrying the gravity interaction, so we must search for the mediator.
A starting point for a formulation of our theory is depicted on Figure 1. We
consider a system of Hopf-linked deformable loops, which have to be dened in some
embedding to R3 . Let's call every such loop a gravitational ring. It is eectively
one-dimensional object (imagine an anuloid with lengths of the circles corresponding
to 1 Planck length and an arbitrary length, a restriction will be made on it later).
We attach this construction to some boundary, so all the rings are stretched. RP will
be dened on the discrete set of rings.
The key note is that these rings are mediating gravity! They could be created on
big distances ( extreme non-locality of gravity ) and the bodies are tightened by them.
Every ring is re-created Planck time later (for two xed objects), which means that
instead of leaping particles over some distance, the rings are carrying the momentum.
The massive objects sit on place in R3 and they get Planck time impulses from the
gravitational rings.
If the rings are responsible for the gravitational attraction, we need to reproduce
"gravitons" with some computation, because gravitational waves are composed from
them. The situation is depicted on Figure 2. The ring appears between other two
rings in the Planck time, and as the two objects begin to feel the Newtonian force,
they start to vibrate. We could imagine that there is a spring between the two bodies.
Now we quantize the longitudinal vibrations of the ring (spring) and we identify the
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Figure 2:
This picture illustrates the basic idea of RP. Graviton is not a true particle as are
all other particles of the standard model. But the gravitational waves should be
composed from graviton-phonons. Other illustrative view on the given situation
would be that the gravitational ring (a new phenomenological object in RP, similar
to a brane in string theory) is "decaying" in the Planck time to the graviton-phonons.

quanta with "gravitons". They are called graviton-phonons from obvious reasons.
We want to stress that we are dividing the space (not the spacetime) to the gravitational rings. It is immediately clear that we break the symmetries of R3 . But let's
look on the overall structure of a distribution of the mass in the Universe (the global
cosmological picture will be for us the most important) and jump into the macroscopic world. The homogeneity and isotropy is the leading symmetry on the largest
scales. Therefore the rings are created in the Planck time to all directions from the
given cell (we use the simplication that every galaxy in this gure denotes a certain
volume of space, where the Universe looks inhomogenous inside, but the distribution of galaxies is homogeneous and isotropic). Therefore we restore the rotational
symmetry and the Universe looks the same as well, when we do a translation to the
other cell. (Actually there is one subtlety, with which we don't want to complicate
our work, that the gravitational rings are not created with all the massive objects in
the Universe in the Planck time, but only with the most massive with the highest
probability. The Newtonian limit of RP will be not violated by this fact. We only
need to implement some probability measure into the formulation of the theory and
we have to multiply the Newtonian force transmitted by the ring with some given
constant.)
Because we wish to develop a QG model, the postulate need to be formulated:

All the particles and elds in Nature are attached to some ring. They
3

Figure 3:
Graviton-phonon is propagating on the grid of super-massive black holes. The next
step is to apply the second quantization to the theory containing a scalar eld.

could move solely on these rings, which are non-local objects.
Toy model: row of galaxies connected with springs

The following toy-model illustrate the propagation of graviton-phonons in the
crystal, Figure 3. We take a row of galaxies (two for the concreteness). They are
connected with a bunch of rings, which we substitute with springs. Let's denote the
spring constants inside the row by k3 and on the boundary by k. The masses of
the galaxies are xed to some value m. The total Hamiltonian is constructed for a
system of harmonic oscillators tied with springs (operators will be denoted as other
functions, so without a hat):
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k, k3 > 0. We obtain the Hamiltonian composed from creation and annihilation
operators by the standard procedure:
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Figure 4:
We depict the basic quantum processes with the gravitational rings. They could
be created or annihilated as other particles. It is supposed that their inner tension decreases, when a ring would appear on the given ring (a tension is dened as
proportional to T 1en ), and increases by an absorption of a ring. The third process
concerns breaking of the ring at the megaparsec distances, which gives us a model of
the accelerated expansion of the Universe.

with the eigenvalues
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The main achievement: RP is a new approach to QG, which solves the
problem of dark energy; It describes the late time accelerated expansion
of the Universe as a QG phenomenon. Space between the galaxies is lled
with a big number of the vibrating rings, which eectively leads to the
emergence of some sort of a scalar eld. RP has the potential to resolve
also other open problems. We want to mention the black hole information
paradox, the cosmological singularity at the beginning of the evolution of
the Universe and the black hole singularities. Because the theory is built
on a discrete set of gravitational rings, the Feynman path integral (in full
generality) should be well dened.
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