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0.1

Preface

A collection of 18 author’s papers on low-energy quantum gravity is presented in the second version of a book. These papers were written during 2000 - 2017. In the papers, main results of author’s work in a nongeometrical approach to quantum gravity are described, among them: the
quantum mechanism of classical gravity giving a possibility to compute the
Newton constant; asymptotic freedom at short distances; an interaction of
photons with the graviton background leading to the important cosmological
consequences; the time delay of photons due to interactions with gravitons;
comparisons of cosmological consequences of the model with observations.
A quantum mechanism of classical gravity based on an existence of this sea
of gravitons is described for the Newtonian limit. This mechanism needs
graviton pairing and ”an atomic structure” of matter for working it. If the
considered quantum mechanism of classical gravity is realized in nature, then
an existence of black holes contradicts to the Einstein’s equivalence principle:
their gravitational and inertial masses diﬀer in the model. It is shown that
in this approach the two fundamental constants - Hubble’s and Newton’s
ones - should be connected between themselves. The theoretical values of
the constants are computed. In this approach, every massive body would be
decelerated due to collisions with gravitons. In this version, a re-calculated
value of this deceleration has been found taking into account both forehead
and backhead collisions of a body with gravitons.
It is also shown by the author that if gravitons are super-strong interacting particles and the low-temperature graviton background exists, the basic
present-day cosmological conjecture about the nature of redshifts may be
false. In this case, a full magnitude of cosmological redshift would be caused
by interactions of photons with gravitons. Non-forehead collisions with gravitons will lead to a very speciﬁc additional relaxation of any photonic ﬂux.
It gives a possibility of another interpretation of supernovae Ia data - without any kinematics and introduction of dark energy. A few possibilities to
verify model’s predictions are considered: the specialized ground-based laser
experiment; a non-universal character of the Hubble diagram for soft and
hard radiations; the linear dependence of the Hubble parameter H(z) on the
redshift z; galaxy/quasar number counts.
Michael A. Ivanov
Physics Dept., Belarus State University of Informatics and Radioelectronics,

0.1. PREFACE
Minsk, Republic of Belarus.
Personal pages: www.ivanovma.na.by, www.ivanovma.narod.ru.
E-mail: ivanovma@tut.by.
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Chapter 1
Possible manifestations of the
graviton background
1

Possible eﬀects are considered which would be caused by a hypothetical superstrong interaction of photons or massive bodies with single gravitons of the
graviton background. If full cosmological redshift magnitudes are caused by
the interaction, then the luminosity distance in a ﬂat non-expanding universe
as a function of redshift is very similar to the speciﬁc function which ﬁts supernova cosmology data by Riess et al. From another side, in this case every
massive body, slowly moving relatively to the background, would experience a
constant acceleration, proportional to the Hubble constant, of the same order
as a small additional acceleration of Pioneer 10, 11.
PACS: 98.70.Vc, 98.60.Eg, 04.60.+n, 95.55.Pe

1.1

Introduction

In the standard cosmological model [1], as well as in inﬂationary cosmological
models [2], redshifts of remote objects are explained by expansion of the
universe. A model of expansion gives an exact dependence of a distance r
from an observer to a source on a redshift z. There is a known uncertainty of
estimates of the Hubble constant H because of diﬃculties to establish a scale
1

Gen.Rel.Grav. 33 (2001) 479-490; Erratum-ibid. 35 (2003) 939-940. [arXiv:astroph/0005084v2]
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of cosmological distances which is independent on redshifts [3, 4]. Today, as
one could think, there are not obvious observant facts which would demand
some alternative model to interpret an origin of redshifts. But one cannot
exclude that the eﬀect may have some non-dopplerian nature.
In alternative cosmological models, which are known as ”tired-light” ones,
the cosmological redshift is considered namely as a non-dopplerian eﬀect.
Several mechanisms for photon energy loss have been supposed [5, 6]. There
exist diﬀerent opinions, what a cosmological model makes the better ﬁt to
the existing astrophysical data on some kinds of cosmological tests (compare,
for example, [7, 8] with [6]).
In this paper, possible manifestations of the graviton background in a
case of hypothetical superstrong gravitational quantum interaction are considered. From one side, the author brings the reasons that a quantum interaction of photons with the graviton background would lead to redshifts of
remote objects too. The author considers a hypothesis about an existence
of the graviton background to be independent from the standard cosmological model. One cannot aﬃrm that such an interaction is the only cause of
redshifts. It is possible, that the one gives a small contribution to an eﬀect
magnitude only. But we cannot exclude that such an interaction with the
graviton background would be enough to explain the eﬀect without an attraction of the big bang hypothesis. Comparing the own model predictions
with supernova cosmology data by Riess et al [9], the author ﬁnds here good
accordance between the redshift model and observations.
From another side, it is shown here, that every massive body, with a nonzero velocity v relatively to the isotropic graviton background, should experience a constant acceleration. If one assumes that a full observable redshift
magnitude is caused by such a quantum interaction with single gravitons,
then this acceleration will have the same order of magnitude as a small additional acceleration of NASA deep-space probes (Pioneer 10/11, Galileo, and
Ulysses), about which it was reported by Anderson’s team [10].
It is known, that a gravitational interaction between two particles is
very weak on big distances. One may expect, that its non-dimensional coupling ”constant”, which could be an analogue of QED’s coupling constant
α  1/137, would be proportional to E1 E2 /EP2 l , where E1 and E2 are energies of particles, EP l  1019 GeV is the Planck energy (i.e. the mentioned
”constant” is a bilinear function of energies of particles). May such an interaction with gravitons decelerate a big cosmic probe or, at the worst, give
observable redshifts? We must take into account, that we know little of quan-
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tum gravity (see, for example, [11]). Today, there does not exist a complete
theory of it. The weak ﬁeld limit is successfully investigated in the context of
linearized gravity [12]. In this approach, one considers gravitons without selfinteraction, comparing their energies to the Planck scale. Uniﬁed theories,
including gravity, contain, as a rule, big spectra of non-observed particles
[13, 14].
The Newton gravitational constant G characterizes an interaction on a
macro level. But on this level, from a quantum point of view, the interaction
may be superstrong. For example, if we consider two stars, having the Sun
masses, as ”particles”, then, for this case, the non-dimensional ”constant”
will be equal to 1072 . Of course, it means only, that one cannot consider an
interaction between such ”particles” as a result of exchange by single gravitons. Because of self-interaction of gravitons, possible Feynman’s diagrams
should be complex and should contain a lot of crossing chains of vertexes.
Because of it, the Newton constant G may be, perhaps, much smaller than
an unknown constant which characterizes a single act of interaction.
All considered eﬀects depend on the equivalent temperature T of the
graviton background, which are unknown out of standard cosmological models, based on the big bang hypothesis. But we must take into account, that
known estimates of a classical gravitational wave background intensity are
consistent with values of this equivalent temperature, which may be not more
than few Kelvin degrees [15, 16, 17]. Probably, future gravitational wave detectors (for the low frequencies ∼ 10−3 Hz) will give more exact estimates
[18] - [21].

1.2

Photon energy losses due to an interaction with the graviton background

Let us introduce the hypothesis, which is considered here to be independent
from the standard cosmological model: there exists the isotropic graviton
background. Then photon scattering is possible on gravitons γ + h → γ + h,
where γ is a photon and h is a graviton, if one of the gravitons is virtual.
The energy-momentum conservation law prohibits energy transfer to free
gravitons.
Average energy losses of a photon with an energy E on a way dr will be

1.2. PHOTON ENERGY LOSSES
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equal to
dE = −aEdr,

(1.1)

where a is a constant. Here we take into account that a gravitational ”charge”
of a photon must be proportional to E (it gives the factor E 2 in a crosssection) and a normalization of a photon wave function gives the factor E −1
in the cross-section. Also we assume that a photon average energy loss ω̄
in one act of interaction is relatively small to a photon energy E. We must
identify a = H/c, where c is the light velocity, to have the Hubble law for
small distances [22].
A photon energy E should depend on a distance from a source r as
E(r) = E0 exp(−ar),

(1.2)

where E0 is an initial value of energy.
The expression (2) is just only so far as the condition ω̄ << E(r) takes
place. Photons with a very small energy may loss or acquire an energy
changing their direction of propagation after scattering. Early or late such
photons should turn out in thermodynamic equilibrium with the graviton
background, ﬂowing into their own background. Decay of virtual gravitons
should give photon pairs for this background too. Possibly, we know the last
one as the cosmic microwave background [23, 24].
It follows from the expression (2) that an exact dependence r(z) is the
following one:
r(z) = ln(1 + z)/a,

(1.3)

if an interaction with the graviton background is the only cause of redshifts.
We see that this redshift do not depend on a light frequency. For small z,
the dependence r(z) will be linear.
The expressions (1) - (3) are the same that appear in other tired-light
models (compare with [6]). In our case, they follow from a possible existence
of the isotropic graviton background, from quantum electrodynamics, and
from the fact that a gravitational ”charge” of a photon must be proportional
to E.

12CHAPTER 1. MANIFESTATIONS OF THE GRAVITON BACKGROUND

1.3

An additional relaxation of a photon ﬂux
due to non-forehead collisions with gravitons

An interaction of photons with the graviton background will lead to an additional relaxation of a photon ﬂux, caused by transmission of a momentum
transversal component to some photons. Photon ﬂux’s average energy losses
on a way dr should be proportional to badr, where b is a constant of the
order 1. These losses are connected with a rejection of a part of photons from
a source-observer direction. Such the relaxation together with the redshift
will give a connection between visible object’s diameter and its luminosity
(i.e. the ratio of an object visible angular diameter to a square root of visible
luminosity), distinguishing from the one of the standard cosmological model.
Let us consider that in a case of a non-forehead collision of a graviton
with a photon, the latter leaves a photon ﬂux detected by a remote observer
(an assumption of narrow beam of rays). Then we get the following estimate
for the factor b :
b = 3/2 + 2/π = 2, 137.

(1.4)

It is assumed here that a cross-section of interaction is modiﬁed by the factor
| cos α| where α is an angle between wave vectors of a photon and of a graviton
raiding on it from front or back hemispheres. To average on the angle α, one
must take into account a dependence of a graviton ﬂux, which falls on a
picked out area (cross-section), on the angle α. Thus in the simplest case of
the uniform non-expanding universe with the Euclidean space, we shall have
the quantity
(1 + z)(1+b)/2 ≡ (1 + z)1,57
in a visible object diameter-luminosity connection if whole redshifts would
caused by such an interaction with the background (instead of (1 + z)2 for
the expanding uniform universe). Of course, this quantity may be modiﬁed
with evolutionary eﬀects. For near sources, the estimate of the factor b will
be an increased one.

1.4. COMPARISON OF THE REDSHIFT MODEL WITH SUPERNOVA COSMOLOGY DATA13

1.4

Comparison of the redshift model with
supernova cosmology data

In a case of ﬂat no-expanding universe, a photon ﬂux relaxation can be
characterized by the factor b, so that the luminosity distance DL [9] is equal
in our model to:
DL = a−1 ln(1 + z) · (1 + z)(1+b)/2 ≡ a−1 f1 (z; b),

(1.5)

where z is a redshift. The theoretical estimate for b is: b = 3/2+2/π = 2.137.
Thus, the redshift
z = exp(ar) − 1
(1.6)
and the luminosity distance DL are characterized in the model by two parameters: H and b (r is a geometrical distance). One can introduce an eﬀective
Hubble constant
(1.7)
Hef f ≡ cdz/dr.
In our model
Hef f = H · (z + 1);

(1.8)

in a language of expansion it can be interpreted as ”a current deceleration
of the expansion”.
High-z Supernova Search Team data [9] give us a possibility to evaluate
H in our model. Instead of prompt ﬁtting to data, we can use one of the
best ﬁts of the function DL (z; H0 , ΩM , ΩΛ ) to supernovae data from [9] (see
Eq.2 in [9]) with ΩM = −0.5 and ΩΛ = 0, which is unphysical in the original
work. For 1 − ΩM > 0 and 1 + ΩM z > 0, the function DL (z; H0 , ΩM , ΩΛ ) is
equal to (see the integral in [25]):
DL = a−1 (1 + z)m−1 sinh(ln |(k − m)/(k + m)| − ln |(1 − m)/(1 + m)|) ≡
≡ a−1 f2 (z; ΩM , ΩΛ ),

(1.9)

where m ≡ (1 − ΩM )1/2 , k ≡ (1 + ΩM z)1/2 . Assuming b = 2.137, we can ﬁnd
H from the connection:
HDL /H0 DL = f1 (z; b)/f2 (z; ΩM , ΩΛ ),

(1.10)

where H0 is an estimate of the Hubble constant from [9] (see Table 1). We
see that H/H0  const, a deviation (H− < H >)/ < H > from an average
value < H > 1.09H0 is less than ±5%.

14CHAPTER 1. MANIFESTATIONS OF THE GRAVITON BACKGROUND

z
f1
f2
H/H0

Table 1.1: Comparison with supernovae data
0 0.1
0.2
0.3
0.4
0.5
0.6
0.7
0 0.110 0.242 0.396 0.570 0.765 0.983 1.222
0 0.103 0.219 0,359 0.511 0.677 0.863 1.074
- 1.068 1.105 1.103 1.115 1.130 1.139 1.138

0.8
1.480
1.301
1.138

0.9
1.759
1.565
1.124

It means, that the model is in good accordance with supernovae data.
This accordance cannot become worse, if one evaluates both of the parameters ﬁtting our two-parametric function DL (z; H, b) to supernovae data.
If one would suggest that f1 (z; b) describes results of observations in an
expanding universe, one could conclude that it is ”an accelerating one”. But a
true conclusion may be strange: our universe is not expanding, and redshifts
have the non-dopplerian nature.

1.5

Other possibilities to verify the conjecture about redshift’s local nature

If redshifts of remote objects would be provided by such the local cause as
an interaction of photons with the graviton background, then a spectrum of
ultrastable laser radiation after a delay line should have a small redshift too.
It gives us a hope to carry out a straight veriﬁcation of the conjecture about
redshift’s local nature on the Earth after creation of ultrastable lasers with
an instability ∼ 10−17 [26] and of optical delay lines for a delay ∼ 10 s [27].
A discrete character of photon energy losses by interaction with gravitons
may produce a speciﬁc deformation of a spectrum of ultrastable laser radiation in a delay line: a step would appear beside a spectral line, from the
side of low frequencies [28]. Such steps would appear beside single narrow
spectral lines of remote objects too. A width of the step should linear raise
with z. For remote objects, this additional eﬀect would be caused by multifold interactions of a small part of photons with the graviton background.
This eﬀect would be observable, if ω̄ will be comparable with a spectral line
width, a redshift of which one will measure.
An establishment of a cosmological distance scale, which will be independent of redshifts, would allow to verify the expression (3) or its consequence:
r1 /r2 = ln(1 + z1 )/ ln(1 + z2 ),

(1.11)

1.0
2.058
1.854
1.110
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where r1 and r2 are the distances to the sources 1 and 2, z1 and z2 are their
redshifts.
It follows from (6) for small ar that
z = ar + (ar)2 /2 + (ar)3 /6 + . . . ,

(1.12)

where a = H/c. Estimates of coeﬃcients by r2 , r3 , . . . , which would be received from an analysis of astrophysical data for small z, could be compared
with their values from (12) (see [29]). The Canada-France redshift survey
[30] may serve as an example of big statistics which could make possible such
a comparison.
We can verify a proportionality of the ratio of an object visible angular
diameter to a square root of visible luminosity to the quantity (1 + z)1,57 ,
which takes place in the assumption that the uniform no-expanding universe
with the quasi-Euclidean space are realized. We must keep in the mind, that
evolutionary eﬀects would change a value of the ratio.
Perspective programs of big statistics accumulation for quasar redshifts
on a base of the microlensing eﬀect [31] would be useful to verify the local
nature of redshifts, too.

1.6

Deceleration of massive bodies by the graviton background

It was reported by Anderson’s team [10], that NASA deep-space probes (Pioneer 10/11, Galileo, and Ulysses) experience a small additional constant
acceleration, directed towards the Sun. Today, a possible origin of the eﬀect
is unknown. It must be noted here that the reported direction of additional
acceleration may be a result of the simplest conjecture, which was accepted
by the authors to provide a good ﬁt for all probes. One should compare
diﬀerent conjectures to choose the one giving the best ﬁt.
We consider here a deceleration of massive bodies, which would give a
similar deformation of cosmic probes’ trajectories. The one would be a result
of interaction of a massive body with the graviton background, but such an
additional acceleration will be directed against a body velocity.
It follows from an universality of gravitational interaction, that not only
photons, but all other objects, moving relatively to the background, should
loss their energy too due to such a quantum interaction with gravitons. If
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a = H/c, it turns out that massive bodies must feel a constant deceleration
of the same order of magnitude as a small additional acceleration of cosmic
probes.
Let us now denote as E a full energy of a moving body which has a
velocity v relatively to the background. Then energy losses of the body by
an interaction with the graviton background (due to forehead collisions with
gravitons) on the way dr must be expressed by the same formula (1):
dE = −aEdr,


where a = H/c. If dr = vdt, where t is a time, and E = mc2 / 1 − v 2 /c2 , we
get for the body acceleration w ≡ dv/dt by a non-zero velocity:
w = −ac2 (1 − v 2 /c2 ).

(1.13)

We assume here, that non-forehead collisions with gravitons give only stochastic deviations of a massive body’s velocity direction, which are negligible. For
small velocities:
w  −Hc.
(1.14)
If the Hubble constant H is equal to 1.6 · 10−18 s−1 , the acceleration will be
equal to
(1.15)
w  −4.8 · 10−10 m/s2 ,
that corresponds approximately to one half of the observed additional acceleration for NASA probes.
We must emphasize here that the acceleration w is directed against a
body velocity only in a special system of reference (in which the graviton
background is isotropic). In other systems of reference, we will ﬁnd its direction, using transformation formulae for an acceleration (see [29]). We can
assume that the graviton background and the microwave one are isotropic
in one system of reference (the Earth velocity relatively to the microwave
background was determined in [32]).
To verify our conjecture about an origin of probes’ additional acceleration, one could re-analyze radio Doppler data for probes. One should ﬁnd a
velocity of the special system of reference and a constant probe acceleration
w in this system which must be negative, as it is described above. These two
parameters must provide the best ﬁt for all probes, if our conjecture is true.
In such a case, one can get an independent estimate of the Hubble constant,
based on the measured value of probe’s additional acceleration: H =| w | /c.
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Under inﬂuence of such a small additional acceleration w, a probe must
move on a deformed trajectory. Its view will be determined by small seeming
deviations from exact conservation laws for energy and angular momentum
of a not-fully reserved body system which one has in a case of neglecting
with the graviton background. For example, Ulysses should go some nearer
to the Sun when the one rounds it. It may be interpreted as an additional
acceleration, directed towards the Sun, if we shall think that one deals with
a reserved body system.
It is very important to understand, why such an acceleration has not
been observed for planets. This acceleration will have diﬀerent directions by
motion of a body on a closed orbit. As a result, an orbit should be deformed.
Possibly, the general relativity eﬀect of a perihelion revolution [33] would
lead to a partial compensation of an average inﬂuence of the considered
acceleration within a big time. This question needs a further consideration.

1.7

Estimates of a cross-section and of new
constants which would characterize an interaction with single gravitons

Let us assume that a full redshift magnitude is caused by an interaction
with single gravitons. If σ(E, ω) is a cross-section of interaction by forehead
collisions of a photon with an energy E with a graviton, having an energy ω,
we consider factually (see (1)), that
dσ(E, ω)
= const(E),
EdΩ
where dΩ is a space angle element, and the function const(x) has a constant
value for any x. If f (ω, T )dΩ/2π is a spectral density of graviton ﬂux in
the limits of dΩ in some direction,
i.e. an intensity of a graviton ﬂux is
∞
equal to an integral (dΩ/2π) 0 f (ω, T )dω, T is an equivalent temperature
of the graviton background, we can write for the Hubble constant H = ac,
introduced in the expression (1):
H=

1  ∞ σ(E, ω)
f (ω, T )dω.
2π 0
E
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If f (ω, T ) can be described by the Planck formula for equilibrium radiation,
then
 ∞
f (ω, T )dω = σT 4 ,
0

where σ is the Stephan- Boltzmann constant [34]. As carriers of a gravitational ”charge” (without consideration of spin properties), gravitons should
be described in the same manner as photons (compare with [12]), i.e. one
can write for them:
dσ(E, ω)
= const(ω).
ωdΩ
Now let us introduce a new dimensional constant D so, that for forehead
collisions:
σ(E, ω) = D · E · ω.
Then

1
(1.16)
D · ω̄ · (σT 4 ),
2π
where ω̄ is an average graviton energy.2
Assuming T ∼ 3K, ω̄ ∼ 10−4 eV, and H = 1.6 · 10−18 s−1 , we get the
following estimate for D :
H=

D ∼ 10−27 m2 /eV 2 ,
that gives us the phenomenological estimate of cross-section by the same E
and ω̄:
σ(E, ω̄) ∼ 10−35 m2 .
One can compare this value with the cross-section of quasi-elastic neutrinoelectron scattering [35], having, for example, the order ∼ 10−44 m2 by a neutrino energy about 6 GeV.
Let us introduce new constants: G0 , l0 , E0 , which are analogues, on this
new scale, of classical constants: the Newton constant G, the Planck length
lP l , and the Planck energy EP l correspondingly. Let
D ≡ (l0 /E0 )2 = (G0 /c4 )2 ,


where l0 =

G0 h̄/c3 , E0 =



h̄c5 /G0 . Then we have for these new constants:

G0 ∼ 1.6 · 1039 m3 /kg · s2 , l0 ∼ 2.4 · 10−12 m, E0 ∼ 1.6 KeV.
2

In this version, the remainder of this section is replaced with a corrected fragment
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If one would replace G with G0 , then an electrostatic force, acting between
two protons, will be ∼ 2 · 1013 times smaller than a gravitational one by the
same distance.
Using E0 instead of EP l , we can evaluate the new non-dimensional ”constant” (a bilinear function of E and ω) k, which would characterize one act
of interaction: k ≡ E · ω/E02 . We must remember here, that an universality
of gravitational interaction allows to expect that this ﬂoating coupling ”constant” k should characterize interactions of any particles with an energy E,
including gravitons, with single gravitons. For E ∼ 1eV and ω ∼ 10−4 eV,
we have k ∼ 4 · 10−9 . But for E ∼ 25M eV and ω ∼ 10−3 eV, we shall have
k ∼ 10−2 , i.e. k will be comparable with QED’s constant α. Already by
E ∼ ω ∼ 5KeV, such an interaction would have the same intensity as a
strong interaction (k ∼ 10).

1.8

Conclusion

Independently from the described conjecture, we would wait that a straight
veriﬁcation of redshift’s nature on the Earth should be one of main works
for coming ultrastable lasers. In a case of the dopplerian nature of redshifts,
one will get a negative result for a laser beam frequency shift after a delay
line. Such a negative result would be an important indirect experimental
conﬁrmation of the big bang hypothesis. Today for most people, a positive
result seems to be impossible. But in a case of such an unexpected positive
result, the redshift laser experiment would be a key one for cosmology.
One can wait that uniﬁcation of gravity with physics of particles will
need non-ordinary solutions, for example, introduction of many-dimensional
spaces, in which a model of gravity has the basic symmetries of the Standard
Model [36]. From another side, the author feels a necessity to include gravity
in the model of composite fermions to describe a set of generations and to
solve a problem of particle masses [37].
If further investigations display that an anomalous NASA probes’ acceleration cannot be explained by some technical causes, left out of account today,
it will give a big push to a further development of physics of particles. Both
supernova cosmology data and the Anderson’s team discovery may change a
gravity position in a hierarchy of known interactions, and, possibly, give us
a new chance to unify their description.
This paper earlier version’s one-page abstract was poster presented at the
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Particles and Nuclei International Conference (PANIC’99), June 10-16, 1999,
Uppsala, Sweden.

Bibliography
[1] Weinberg, S. Gravitation and Cosmology. John Wiley and Sons, 1972.
[2] Linde, A.D. Usp. Phiz. Nauk, 1984, v.144, p.177.
[3] Vaucouleurs, G. De. ApJ, 1970, v.159, p.435.
[4] Bergh, S. van der. Nature, 1970, v.225, p.503.
[5] Zwicky, F. Proc. Nat. Acad. Sci., 1929, v.15, p.773.
[6] LaViolette, P.A. ApJ, 1986, v.301, p.544.
[7] Pahre, M.A. et al. ApJ (Letters), 1996, v.456, p.L79.
[8] Phillips, S. Ap Letters, 1982, v.22, no.4, p.153.
[9] Riess, A.G., et al, AJ, 1998, v.116, p.1009.
[10] Anderson, J.D. et al. Phys. Rev. Lett., 1998, v.81, p. 2858.
[11] Canonical gravity - from classical to quantum. Eds. Ehlers, J., and
Fridrich, H. Berlin, 1994.
[12] Choi, S.Y. et al. Phys. Rev. D, 1993, v.48, p.2953; v.48, p.R5465; 1995,
v.51, p.2751.
[13] Nieuwenhuizen, van P. Phys. Rep., 1981, v.68, p.189.
[14] Green, M.B., Schwarz, J.H., Witten, E. Superstring Theory.
Cambridge University Press, Cambridge, England, 1987.
[15] Mauceli, E. et al. Phys. Rev. D, 1996, v.54, p.1264.
21

22

BIBLIOGRAPHY

[16] Vinet, J.-Y. Phys. Rev. D, 1996, v.54, p.1276.
[17] McHugh, M.P. et al. Phys. Rev. D, 1996, v.54, p.5991.
[18] Bradaschia, C. et al. Nucl. Instrum. Methods, 1990, v.A289, p.518.
[19] Abramovici, A. et al. Science, 1992, v.256, p.325.
[20] Danzmann, K. et al. Internal Report MPQ, 1994, v.190.
[21] Tinto, M. Phys. Rev. D, 1996, v.53, p.5354.
[22] Hubble, E.P., and Humason. ApJ, 1931, v.74, p.43.
[23] Penzias, A.A., Wilson, R.W. ApJ, 1965, v.142, p.419.
[24] Smoot, G.F. ApJ (Letters), 1992, v.396, p. L1.
[25] Dwight, H.B. Tables of Integrals and Other Mathematical Data. New
York, The Macmillan Company, 1961.
[26] Dehmelt, H., and Nagorney, W. Proc. Nat. Acad. Sci. USA, 1988, v.85,
p.7426.
[27] Ivanov, M.A. Quantum Electronics and Laser Science Conference
(QELS’95), May 21-26, 1995, Baltimore, USA; paper number: QThG1.
[28] Ivanov, M.A. European Quantum Electronics Conference
(EQEC’96), Sept. 8 - 13, 1996, Hamburg, Germany; paper number:
QWD1.
[29] Tolman, R.C. Relativity, Thermodynamics and Cosmology. Oxford,
Clarendon Press, 1969.
[30] Crampton, D. et al. ApJ, 1995, v.455, p.96.
[31] Gould, A. ApJ, 1995, v.455, p.37.
[32] Conklin, E.K. Nature, 1969, v.222, p.971.
[33] Misner, C.W., Thorne, K.S., Wheeler, J.A. Gravitation. Freeman, SanFrancisco, 1973.
[34] Savel’ev, I.V. Course of General Physics. Moscow, Nauka, 1987.

BIBLIOGRAPHY

23

[35] Okun, L.B. Leptons and quarks. Moscow, Nauka, 1989, p.155.
[36] Ivanov, M.A. General Relativity and Gravitation, 1999, v.31, p.1431.
[37] Ivanov, M.A. Nuovo Cimento, 1992, v.105A, p.77.

Chapter 2
Model of graviton-dusty
universe
1

Primary features of a new cosmological model, which is based on conjectures about an existence of the graviton background and superstrong gravitational quantum interaction, are considered. These conjectures would be
enough to explain redshifts of remote objects, observed dimming of supernovae Ia and deceleration of the NASA deep space probes Pioneer 10, 11
from one point of view. An expansion of the universe is impossible in such
the model because of deceleration of massive objects by the graviton background, which is similar to the one for the NASA probes. Redshifts of remote
objects are caused in the model by interaction of photons with the graviton
background, and the Hubble constant depends on an intensity of interaction
and an equivalent temperature of the graviton background. Virtual massive
gravitons would be dark matter particles. They transfer energy, lost by luminous matter radiation, which in a ﬁnal stage may be collected with black
holes and other massive objects.
PACS 04.60.-m, 98.80.-k

1

Contribution to the 15th SIGRAV Conference on General Relativity and Gravitational
Physics, September 9-12, 2002, Rome, Italy. [arXiv:gr-qc/0107047v3]
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Introduction

In present cosmological models, based on the big bang conjecture, redshifts of
remote objects are explained as the Doppler eﬀect. Observation of small additional acceleration of NASA deep space probes [1, 2, 3] may be interpreted
in such a manner, that redshifts of galaxies turn out a quantum gravity effect. As well as probes’ acceleration, it would be caused by a hypothetical
superstrong gravitational quantum interaction with the graviton background
[4]. This new hypothesis about the redshift nature ﬁnds further conﬁrmation
in confrontation [5] with Supernova Search Team data [6].
In this paper, some features of the cosmological model, which may be
constructed on a base of such a new approach, are discussed. They are:
the redshift nature; a transfer of energy, which is lost by luminous matter
radiation, with virtual massive gravitons; an increment of lifetime of such
gravitons due to sequent decreasing their energy by collisions with gravitons
of the background; ﬁnal utilization of virtual massive gravitons in black holes
and other massive objects.

2.2

Hypothetical superstrong gravitational
quantum interaction and its consequences

If the graviton background exists with the equivalent temperature upwards
3K, then collisions of photons with gravitons of this background will lead to
photon redshifts if the interaction is strong enough. A photon energy E(r)
will change with increasing of a distance r from a source as
E(r) = E0 exp(−ar),

(2.1)

where E0 is an initial value of energy, a = H/c, H is the Hubble constant.
It is shown in author’s paper [4], that a cross-section σ(E, ω) of interaction
of a photon with an energy E with a graviton, having an energy ω, as well as
the Hubble constant H may be expressed with the help of a new dimensional
constant D :
σ(E, ω) = D · E · ω,
(2.2)
1
(2.3)
D · ω̄ · (σT 4 ),
H=
2π
where ω̄ is an average graviton energy, σ is the Stephan-Boltzmann constant,
with D ∼ 10−27 m2 /eV 2 if whole redshift is caused by such the interaction.
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An universality of gravitational interaction means that any massive body,
moving relatively to the background with a velocity v, must feel a deceleration
w, which is equal to:
(2.4)
w = −Hc(1 − v 2 /c2 ).
For Hc = (4.8 − 7.2) · 10−10 m/s2 by H = (1.6 − 2.4) · 10−18 s−1 (i.e. by
H = (50 − 75)km · s−1 · M pc−1 ), a magnitude of this deceleration corresponds
to the one of observed additional acceleration for Pioneer 10 [1, 2, 3]. The
acceleration w should be directed against a body velocity relatively to the
graviton background. The reﬁned data [2] show annual periodic variations of
the apparent acceleration. Perhaps, such the variations are connected with
Earth’s additional acceleration under its orbital motion due to the same
interaction with the graviton background [5].
If redshifts of galaxies are really caused by such the eﬀect, then an expected picture of visible Universe changes. A region of the Universe, which
is visible by an observer, will not be bounded with a sphere of the Hubble
radius R0 = c/H, but any source with a temperature Ts may be picked out
by an observer above the microwave background on the distance
R < R0 ln

Ts
,
T

(2.5)

i.e. for a source with Ts  6000K we have R < 7.6R0 . It is R < (100 − 150)
Gyr for R0  (13.5 − 20) Gyr. An estimate of distances to objects with
given z is changed too; for example, the quasar with z = 5.8 [7] should be
in a distance approximately twice bigger than the one expected in the model
based on the Doppler eﬀect.

2.3

Utilization of energy, which is lost by visible matter radiation

Unlike models of expanding universe, in any tired light model one has a
problem of utilization of energy, lost by radiation of remote objects. In the
model, a virtual graviton forms under collision of a photon with a graviton of
the graviton background. It should be massive if an initial graviton transfers
its total momentum to a photon; it follows from the energy conservation law

that its energy ω must be equal to 2ω if ω is an initial graviton energy.
In force of the uncertainty relation, one has for a virtual graviton lifetime

2.3. UTILIZATION OF ENERGY, WHICH IS LOST


27

τ : τ ≤ ωh̄ , i.e. for ω ∼ 10−4 eV it is τ ≤ 10−11 s. In force of conservation
laws for energy, momentum and angular momentum, a virtual graviton may
decay into no less than three real gravitons. In a case of decay into three


gravitons, its energies should be equal to ω, ω , ω  , with ω + ω  = ω. So,

after this decay, two new gravitons with ω , ω  < ω inﬂow into the graviton
background. It is a source of adjunction of the graviton background.
From another side, an interaction of gravitons of the background between
themselves should lead to the formation of virtual massive gravitons too, with
energies less than ωmin where ωmin is a minimal energy of one graviton of

an initial interacting pare. If gravitons with energies ω , ω  wear out a ﬁle
of collisions with gravitons of the background, its lifetime has increased. In
every such a cycle collision-decay, an average energy of ”redundant” gravitons
will double decrease, and its lifetime will double increase. Only for ∼ 93
cycles, a lifetime will have increased from 10−11 s to 10 Gyr. Such virtual
massive gravitons, with a lifetime increasing from one collision to another,
would duly serve dark matter particles. Having a zero (or near to zero) initial
velocity relatively to the graviton background, the ones will not interact with
matter in any manner except usual gravitation. An ultracold gas of such
gravitons will condense under inﬂuence of gravitational attraction into black
holes or other massive objects. Additionally to it, even in absence of initial
heterogeneity, the one will easy arise in such the gas that would lead to arising
of super compact massive objects, which will be able to turn out ”germs” of
black holes. It is a method ”to cold” the graviton background.
So, the graviton background may turn up ”a perpetual engine” of the
Universe, pumping energy from radiation to massive objects. An equilibrium state of the background will be ensured by such the temperature T,
for which an energy proﬁt of the background due to an inﬂux of energy from
radiation will be equal to a loss of its energy due to a catch of virtual massive
gravitons with black holes or other massive objects. In such the picture, the
chances are that black holes should turn out ”germs” of galaxies. After accumulation of big enough energy by a black hole (to be more exact, by a super
compact massive object) by means of a catch of virtual massive gravitons,
the one must be absolved from an energy excess in via ejection of matter,
from which stars of galaxy should form. It awaits to understand else in such
the model how usual matter particles form from virtual massive gravitons. It
is optimistic that the model of two-component fundamental fermions by the
author [8] owns all symmetries of the standard model of elementary particles
(on global level). Perhaps, virtual gravitons with very small masses are fully
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acceptable to the role of components of such the system. Observation of
non-zero neutrino mass [9] increases chances of this model of the fundamental fermions since there is an additional right singlet in the model, which is
able to provide a non-zero neutrino mass. Chances of the model will rise still
more, if any particle of the forth generation or some indirect indication of
its existence will be detected. In author’s paper [10], the model of gravity
in ﬂat 12-space was described with global U (1)−symmetry, in which a possibility exists to introduce SU (2)−symmetry. I hope that uniﬁcation of these
models may give us a clue to hidden still unity of gravity and other known
interactions.

2.4

Conclusion

Observations of last years give us strong evidences for supermassive black
holes in active and normal galactic nuclei [11, 12, 13, 14, 15] (of course, a
central dark mass in galactic nucleus may not be a black hole, but it is most
likely to the one by its properties from all known objects; one must remember
that we know only that these objects are supermassive and compact). The
available evidence is consistent with a suggestion that a majority of galaxies
has black holes [11, 16]. The discovery by Gebhardt et al. [17] and Ferrarese
and Merritt [18] of a correlation between nuclear black hole mass and stellar
velocity dispersion in elliptical galaxies and spiral bulges shows that black
holes are ”native” for host galaxies. Massive nuclear black holes of 106 − 109
solar masses may be responsible for the energy production in quasars and
active galaxies [11]. Doppler-shifted emission lines in the spectrum of active
galactic nuclei are likely to originate from relativistic outﬂows (or jets) in the
vicinity of the central black hole [19]. Black hole candidates are also known
in binaries, supernovae, and clusters.
In a frame of the model [20] it was suggested that central black holes of
early-type galaxies grew adiabatically in homogeneous isothermal cores due
to matter accretion. In the present model, a role of black holes in evolution
of the Universe is changed; the ones may be collectors of virtual massive
gravitons and ”germs” of galaxies. Additionally, the growth of black hole
mass inside of future supernova stars would lead to their instability and
formation of supernovae.
In author’s papers [21, 22, 4], the methods were considered how to verify
the conjecture about the described non-dopplerian nature of redshifts. One
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of them is a ground-based experiment with a superstable laser radiation: if
the conjecture is true, then a laser radiation frequency after a delay line
should be red shifted too. I believe, that creation of necessary superstable
lasers with instability ∼ 10−17 would be speeded up after perception by the
scientiﬁc community of importance of such the veriﬁcation.
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Chapter 3
Screening the graviton
background, graviton pairing,
and Newtonian gravity
1

It is shown that screening the background of super-strong interacting gravitons creates for any pair of bodies as an attraction force as well an repulsion
force due to pressure of gravitons. For single gravitons, these forces are
approximately balanced, but each of them is much bigger than a force of Newtonian attraction. If single gravitons are pairing, a body attraction force due
to pressure of such graviton pairs is twice exceeding a corresponding repulsion force under the condition that graviton pairs are destructed by collisions
with a body. If the considered quantum mechanism of classical gravity is realized in the nature, then an existence of black holes contradicts to Einstein’s
equivalence principle. In such the model, Newton’s constant is proportional
to H 2 /T 4 , where H is the Hubble constant, T is an equivalent temperature
of the graviton background. The estimate of the Hubble constant is obtained
H = 2.14 · 10−18 s−1 (or 66.875 km · s−1 · M pc−1 ).
PACS 04.60.-m, 98.70.Vc

1
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Introduction

It was shown by the author in the previous study [1, 2] that an alternative
explanation of cosmological redshift as a result of interaction of a photon
with the graviton background is possible. In the case, observed dimming of
supernovae Ia [3] and the Pioneer 10 anomaly [4] may be explained from one
point of view as additional manifestations of interaction with the graviton
background. Some primary features of a new cosmological model, based on
this approach, are described in author’s preprint [5].
In this paper, forces of gravitonic radiation pressure are considered which
act on bodies in a presence of such the background. It is shown that pressure of single gravitons of the background, which run against a body pair
from inﬁnity, results in mutual attraction of bodies with a magnitude which
should be approximately 1000 times greater than Newtonian attraction. But
pressure of gravitons scattered by bodies gives a repulsion force of the same
order; the last is almost exact compensating this attraction. To get Newton’s
law of gravity, it is necessary to assume that gravitons form correlated pairs.
By collision with a body, such a pair should destruct in single gravitons. Flying away gravitons of a pair should happen in independent directions, that
decreases a full cross-section of interaction with scattered gravitons. As a
result, an attraction force will exceed a corresponding repulsion force acting
between bodies. In such the model, Newton’s constant is connected with
the Hubble constant that gives a possibility to obtain a theoretical estimate
of the last. We deal here with a ﬂat non-expanding universe fulﬁlled with
superstrong interacting gravitons; it changes the meaning of the Hubble constant which describes magnitude of three small eﬀects of quantum gravity
but not any expansion.
The considered ﬁne quantum mechanism of classical gravity diﬀers from
a generally admitted one. In the full analogy with quantum electrodynamics, it had been shown already in the ﬁrst works in quantum gravity [6, 7]
that Newton’s law may be explained as a result of exchange with virtual
longitudinal gravitons, sources of which are attracting bodies.
A conjecture about a composite nature of gravitons was considered by
few authors with other reasons (see short remarks and further references in
[8], and also the papers [9, 10]). The main idea of works [11, 12]), where
composite gravitons were considered as correlated pairs of photons, seems to
be the most interesting for the author.
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Screening the graviton background

In author’s papers [1, 2], a cross-section σ(E, ) of interaction of a graviton
with an energy  with any body having an energy E was accepted to be equal
to:
σ(E, ) = D · E · ,
(3.1)
where D is some new dimensional constant. The Hubble constant H should
be proportional to D :
1
(3.2)
D · ¯ · (σT 4 ),
H=
2π
where ¯ is an average graviton energy, σ is the Stephan-Boltzmann constant,
T is an eﬀective temperature of the graviton background. The interaction
should be super-strong to cause the whole redshift magnitude - it is necessary
to have D ∼ 10−27 m2 /eV 2 .
If gravitons of the background run against a pair of bodies with masses
m1 and m2 (and energies E1 and E2 ) from inﬁnity, then a part of gravitons
is screened. Let σ(E1 , ) is a cross-section of interaction of body 1 with a
graviton with an energy  = h̄ω, where ω is a graviton frequency, σ(E2 , ) is
the same cross-section for body 2. In absence of body 2, a whole modulus of
a gravitonic pressure force acting on body 1 would be equal to:
1 4f (ω, T )
·
,
(3.3)
3
c
where f (ω, T ) is a graviton spectrum with a temperature T (assuming to be
planckian), the factor 4 in front of σ(E1 , <  >) is introduced to allow all
possible directions of graviton running, <  > is another average energy of
running gravitons with a frequency ω taking into account a probability of
that in a realization of ﬂat wave a number of gravitons may be equal to zero,
and that not all of gravitons ride at a body.
Body 2, placed on a distance r from body 1, will screen a portion of
running against body 1 gravitons which is equal for big distances between
the bodies (i.e. by σ(E2 , <  >)  4πr2 ):
4σ(E1 , <  >) ·

σ(E2 , <  >)
(3.4)
4πr2 .
Taking into account all frequencies ω, an attractive force will act between
bodies 1 and 2 :
 ∞
1 4f (ω, T )
σ(E2 , <  >)
F1 =
·
4σ(E
,
<

>)
·
·
dω.
(3.5)
1
4πr2
3
c
0
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Let f (ω, T ) is described with the Planck formula:
f (ω, T ) =

ω2
h̄ω
.
2
2
4π c exp(h̄ω/kT ) − 1

(3.6)

Let x ≡ h̄ω/kT , and n̄ ≡ 1/(exp(x) − 1) is an average number of gravitons
in a ﬂat wave with a frequency ω (on one mode of two distinguishing with a
projection of particle spin). Let P (n, x) is a probability of that in a realization
of ﬂat wave a number of gravitons is equal to n, for example P (0, x) =
exp(−n̄).
A quantity <  > must contain the factor (1 − P (0, x)), i.e. it should be:
<  >∼ h̄ω(1 − P (0, x)),

(3.7)

that let us to reject ﬂat wave realizations with zero number of gravitons.
But attempting to deﬁne other factors in <  >, we ﬁnd the diﬃcult
place in our reasoning. On this stage, it is necessary to introduce some
new assumption to ﬁnd the factors. Perhaps, this assumption will be wellfounded in a future theory - or would be rejected. If a ﬂat wave realization,
running against a ﬁnite size body from inﬁnity, contains one graviton, then
one cannot consider that it must stringent ride at a body to interact with
some probability with the one. It would break the uncertainty principle by
W. Heisenberg. We should admit that we know a graviton trajectory. The
same is pertaining to gravitons scattered by one of bodies by big distances
between bodies. What is a probability that a single graviton will ride namely
at the body? If one denotes this probability as P1 , then for a wave with n
gravitons their chances to ride at the body must be equal to n · P1 . Taking
into account the probabilities of values of n for the Poisson ﬂux of events, an
additional factor in <  > should be equal to n̄ · P1 . I admit here that
P1 = P (1, x),

(3.8)

where P (1, x) = n̄ exp(−n̄); (below it is admitted for pairing gravitons: P1 =
P (1, 2x) - see section 4).
In such the case, we have for <  > the following expression:
<  >= h̄ω(1 − P (0, x))n̄2 exp(−n̄).

(3.9)

Then we get for an attraction force F1 :
F1 =

4 D2 E1 E2  ∞ h̄3 ω 5
(1 − P (0, x))2 n̄5 exp(−2n̄)dω =
2
2
3 πr2 c
4π
c
0

(3.10)
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1 D2 c(kT )6 m1 m2
· I1 ,
·
3
π 3 h̄3 r2
where
I1 ≡

 ∞
0

x5 (1−exp(−(exp(x)−1)−1 ))2 (exp(x)−1)−5 exp(−2(exp(x)−1)−1 )dx =
5.636 · 10−3 .

(3.11)

If F1 ≡ G1 · m1 m2 /r2 , then the constant G1 is equal to:
G1 ≡

1 D2 c(kT )6
· I1 .
·
3
π 3 h̄3

(3.12)

By T = 2.7K :
G1 = 1215.4 · G,

(3.13)

that is three order greater than Newton’s constant G.
But if gravitons are elastic scattered with body 1, then our reasoning
may be reversed: the same portion (4) of scattered gravitons will create a

repulsive force F1 acting on body 2 and equal to


F1 = F1 ,

(3.14)

if one neglects with small allowances which are proportional to D3 /r4 . The
last ones are caused by decreasing of gravitonic ﬂux running against body 1
due to screening by body 2 (see section 5).
So, for bodies which elastic scatter gravitons, screening a ﬂux of single
gravitons does not ensure Newtonian attraction. But for gravitonic black
holes which absorb any particles and do not re-emit them (by the meaning of
a concept, the ones are usual black holes; I introduce a redundant adjective

only from a caution), we will have F1 = 0. It means that such the object
would attract other bodies with a force which is proportional to G1 but not
to G, i.e. Einstein’s equivalence principle would be violated for it. This
conclusion, as we shall see below, stays in force for the case of graviton
pairing too. The conclusion cannot be changed with taking into account of
Hawking’s quantum eﬀect of evaporation of black holes [13].

3.3

Graviton pairing

To ensure an attractive force which is not equal to a repulsive one, particle
correlations should diﬀer for in and out ﬂux. For example, single gravitons of
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running ﬂux may associate in pairs. If such pairs are destructed by collision
with a body, then quantities <  > will distinguish for running and scattered
particles. Graviton pairing may be caused with graviton’s own gravitational
attraction or gravitonic spin-spin interaction. Left an analysis of the nature
of graviton pairing for the future; let us see that gives such the pairing.
To ﬁnd an average number of pairs n̄2 in a wave with a frequency ω for the
state of thermodynamic equilibrium, one may replace h̄ → 2h̄ by deducing
the Planck formula. Then an average number of pairs will be equal to:
n̄2 =

1
,
exp(2x) − 1

(3.15)

and an energy of one pair will be equal to 2h̄ω. It is important that graviton
pairing does not change a number of stationary waves, so as pairs nucleate
from existing gravitons. The question arises: how many diﬀerent modes, i.e.
spin projections, may have graviton pairs? We consider that the background
of initial gravitons consists two modes. For massless transverse bosons, it
takes place as by spin 1 as by spin 2. If graviton pairs have maximum spin
2, then single gravitons should have spin 1. But from such particles one
may constitute four combinations: ↑↑, ↓↓ (with total spin 2), and ↑↓, ↓↑
(with total spin 0). All these four combinations will be equiprobable if spin
projections ↑ and ↓ are equiprobable in a ﬂat wave (without taking into
account a probable spin-spin interaction).
But it is happened that, if expression (15) is true, it follows from the
energy conservation law that composite gravitons should be distributed only
in two modes. So as
n̄2
= 1/2,
(3.16)
lim
x→0 n̄
then by x → 0 we have 2n̄2 = n̄, i.e. all of gravitons are pairing by low
frequencies. An average energy on every mode of pairing gravitons is equal
to 2h̄ωn̄2 , the one on every mode of single gravitons - h̄ωn̄. These energies
are equal by x → 0, because of it, the numbers of modes are equal too, if the
background is in thermodynamic equilibrium with surrounding bodies.
The above reasoning does not allow to choose a spin value 2 or 0 for
composite gravitons. A choice of namely spin 2 would ensure the following
proposition: all of gravitons in one realization of ﬂat wave have the same
spin projections. From another side, a spin-spin interaction would cause it.
The spectrum of composite gravitons is proportional to the Planck one;
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it has the view:
f2 (2ω, T )dω =

(2ω)2
ω2
2h̄ω
2h̄ω
dω
≡
d(2ω). (3.17)
·
·
4π 2 c2 exp(2x) − 1
32π 2 c2 exp(2x) − 1

It means that an absolute luminosity for the sub-system of composite gravitons is equal to:
 ∞
1
f2 (2ω, T )d(2ω) = σT 4 ,
(3.18)
8
0
where σ is the Stephan-Boltzmann constant; i.e. an equivalent temperature
of this sub-system is
T2 ≡ (1/8)1/4 T =

21/4
T = 0.5946T.
2

(3.19)

It is important that the graviton pairing eﬀect does not changes computed
values of the Hubble constant and of anomalous deceleration of massive bodies [1]: twice decreasing of a sub-system particle number due to the pairing
eﬀect is compensated with twice increasing the cross-section of interaction of
a photon or any body with such the composite gravitons. Non-pairing gravitons with spin 1 give also its contribution in values of redshifts, an additional
relaxation of light intensity due to non-forehead collisions with gravitons, and
anomalous deceleration of massive bodies moving relative to the background
[1, 2].

3.4

Computation of Newton’s constant

If running graviton pairs ensure for two bodies an attractive force F2 , then
a repulsive force due to re-emission of gravitons of a pair alone will be equal

to F2 = F2 /2. It follows from that the cross-section for single additional
scattered gravitons of destructed pairs will be twice smaller than for pairs
themselves (the leading factor 2h̄ω for pairs should be replaced with h̄ω
for single gravitons). For pairs, we introduce here the cross-section σ(E2 , <
2 >), where < 2 > is an average pair energy with taking into account a
probability of that in a realization of ﬂat wave a number of graviton pairs
may be equal to zero, and that not all of graviton pairs ride at a body
(< 2 > is an analog of <  >). This equality is true in neglecting with
small allowances which are proportional to D3 /r4 (see section 5). Replacing
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n̄ → n̄2 , h̄ω → 2h̄ω, and P (n, x) → P (n, 2x), where P (0, 2x) = exp(−n̄2 ),
we get for graviton pairs:
< 2 >∼ 2h̄ω(1 − P (0, 2x))n̄22 exp(−n̄2 ).

(3.20)

This expression does not take into account only that beside pairs there may be
single gravitons in a realization of ﬂat wave. To reject cases when,instead of a
pair, a single graviton runs against a body (a contribution of such gravitons in
attraction and repulsion is the same), we add the factor P (0, x) into < 2 >:
< 2 >= 2h̄ω(1 − P (0, 2x))n̄22 exp(−n̄2 ) · P (0, x).

(3.21)

Then a force of attraction of two bodies due to pressure of graviton pairs F2
- in the full analogy with (5) - will be equal to 2 :
F2 =

 ∞
σ(E2 , < 2 >)
0

4πr2

· 4σ(E1 , < 2 >) ·

1 4f2 (2ω, T )
·
dω =
3
c

(3.22)

8 D2 c(kT )6 m1 m2
· I2 ,
·
3
π 3 h̄3 r2
where
I2 ≡

 ∞ 5
x (1 − exp(−(exp(2x) − 1)−1 ))2 (exp(2x) − 1)−5
0

exp(2(exp(2x) − 1)−1 ) exp(2(exp(x) − 1)−1 )

dx =

(3.23)

2.3184 · 10−6 .
The diﬀerence F between attractive and repulsive forces will be equal to:
1
m1 m2

F ≡ F2 − F2 = F2 ≡ G2 2 ,
2
r

(3.24)

where the constant G2 is equal to:
G2 ≡

4 D2 c(kT )6
·
· I2 .
3
π 3 h̄3

(3.25)

As G1 as well G2 are proportional to T 6 (and H ∼ T 5 , so as ¯ ∼ T ).
2

In initial version of this paper, factor 2 was lost in√the right part of Eq. (22), and the
theoretical values of D and H were overestimated of 2 times
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If one assumes that G2 = G, then it follows from (25) that by T = 2.7K
the constant D should have the value:
D = 0.795 · 10−27 m2 /eV 2 .

(3.26)

An average graviton energy of the background is equal to:
¯ ≡

 ∞
0

where
I4 ≡

h̄ω ·

 ∞
0

f (ω, T )
15
dω = 4 I4 kT,
4
σT
π

(3.27)

x4 dx
= 24.866
exp(x) − 1

(it is ¯ = 8.98 · 10−4 eV by T = 2.7K).
We can use (2) and (25) to establish a connection between the two fundamental constants G and H under the condition that G2 = G. We have for
D:
2π 5 H
2πH
=
;
(3.28)
D=
¯σT 4
15kσT 5 I4
then
G = G2 =

4 D2 c(kT )6
64π 5 H 2 c3 I2
·
·
·
I
=
.
2
3
45
σT 4 I42
π 3 h̄3

(3.29)

So as the value of G is known much better than the value of H, let us express
H via G :
45 σT 4 I42 1/2
) = 2.14 · 10−18 s−1 ,
(3.30)
H = (G
64π 5 c3 I2
or in the units which are more familiar for many of us: H = 66.875 km · s−1 ·
M pc−1 .
This value of H is is in the good accordance with the majority of present
astrophysical estimations [3, 14], but it is lesser than some of them [15] and
than it follows from the observed value of anomalous acceleration of Pioneer
10 [?] w = (8.4±1.33)·10−10 m/s2 . Any massive body, moving relative to the
background, must feel a deceleration w  Hc [3, 1]; with H = 2.14 · 10−18 s−1
we have Hc = 6.419 · 10−10 m/s2 .
The observed value of anomalous acceleration of Pioneer 10 should represent the vector diﬀerence of the two acceleration: an acceleration of Pioneer
10 relative to the graviton background, and an acceleration of the Earth relative to the background. Possibly, the last is displayed as an annual periodic
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term in the residuals of Pioneer 10 [16]. If the solar system moves with a
noticeable velocity relative to the background, the Earth’s anomalous acceleration projection on the direction of this velocity will be smaller than for
the Sun - because of the Earth’s orbital motion. It means that in a frame of
reference, connected with the Sun, the Earth should move with an anomalous
acceleration having non-zero projections as well on the orbital velocity direction as on the direction of solar system motion relative to the background.
Under some conditions, the Earth’s anomalous acceleration in this frame of
reference may be periodic. The axis of Earth’s orbit should feel an annual
precession by it.

3.5

Why and when gravity is geometry

The described quantum mechanism of classical gravity gives Newton’s law
with the constant G2 value (25) and the connection (29) for the constants
G2 and H. We have obtained the rational value of H (30) by G2 = G, if the
condition of big distances is fulﬁlled:
σ(E2 , <  >)  4πr2 .

(3.31)

Because it is known from experience that for big bodies of the solar system, Newton’s law is a very good approximation, one would expect that the
condition (30) is fulﬁlled, for example, for the pair Sun-Earth. But assuming r = 1 AU and E2 = m c2 , we obtain assuming for rough estimation
<  >→ ¯ :
σ(E2 , <  >)
∼ 4 · 1012 .
4πr2
It means that in the case of interaction of gravitons or graviton pairs with
the Sun in the aggregate, the considered quantum mechanism of classical
gravity could not lead to Newton’s law as a good approximation. This ”contradiction” with experience is eliminated if one assumes that gravitons interact with ”small particles” of matter - for example, with atoms. If the
Sun contains of N atoms, then σ(E2 , <  >) = N σ(Ea , <  >), where Ea
is an average energy of one atom. For rough estimation we assume here
that Ea = Ep , where Ep is a proton rest energy; then it is N ∼ 1057 , i.e.
σ(Ea , <  >)/4πr2 ∼ 10−45  1.
This necessity of ”atomic structure” of matter for working the described
quantum mechanism is natural relative to usual bodies. But would one expect that black holes have a similar structure? If any radiation cannot be
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emitted with a black hole, a black hole should interact with gravitons as an
aggregated object, i.e. the condition (31) for a black hole of sun mass has
not been fulﬁlled even at distances ∼ 106 AU.
For bodies without an atomic structure, the allowances, which are proportional to D3 /r4 and are caused by decreasing a gravitonic ﬂux due to the
screening eﬀect, will have a factor m21 m2 or m1 m22 . These allowances break
the equivalence principle for such the bodies.
For bodies with an atomic structure, a force of interaction is added up
from small forces of interaction of their ”atoms”:
F ∼ N1 N2 m2a /r2 = m1 m2 /r2 ,
where N1 and N2 are numbers of atoms for bodies 1 and 2. The allowances
to full forces due to the screening eﬀect will be proportional to the quantity: N1 N2 m3a /r4 , which can be expressed via the full masses of bodies as
m21 m2 /r4 N1 or m1 m22 /r4 N2 . By big numbers N1 and N2 the allowances will
be small. The allowance to the force F, acting on body 2, will be equal to:
ΔF =

1  ∞ σ 2 (E2 , < 2 >)
1 4f2 (2ω, T )
·
dω = (3.32)
·
4σ(E
,
<

>)
·
1
2
2N2 0
(4πr2 )2
3
c
2
D3 c3 (kT )7 m1 m22
·
· I3 ,
3N2
π 4 h̄3 r4

(for body 1 we shall have the similar expression if replace N2 → N1 , m1 m22 →
m21 m2 ), where
I3 ≡

 ∞ 6
x (1 − exp(−(exp(2x) − 1)−1 ))3 (exp(2x) − 1)−7
0

exp(3(exp(x) − 1)−1 )

dx = 1.0988 · 10−7 .

Let us ﬁnd the ratio:
ΔF
DE2 kT I3
· .
=
F
N2 2πr2 I2

(3.33)

Using this formula, we can ﬁnd by E2 = E , r = 1 AU :
ΔF
∼ 10−46 .
F

(3.34)

An analogical allowance to the force F1 has by the same conditions the
order ∼ 10−48 F1 , or ∼ 10−45 F. One can replace Ep with a rest energy of very
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big atom - the geometrical approach will left a very good language to describe
the solar system. We see that for bodies with an atomic structure the considered mechanism leads to very small deviations from Einstein’s equivalence
principle, if the condition (31) is fulﬁlled for microparticles, which prompt
interact with gravitons.
For small distances we shall have:
σ(E2 , <  >) ∼ 4πr2 .

(3.35)

It takes place by Ea = Ep , <  >∼ 10−3 eV for r ∼ 10−11 m. This quantity is
many order larger than the Planck length. The equivalence principle should
be broken at such distances.
Under the condition (35), big digressions from Newton’s law will be caused
with two factors: 1) a screening portion of a running ﬂux of gravitons is not
small and it should be taken into account by computation of the repulsive
force; 2) a value of this portion cannot be deﬁned by the expression (4).
Instead of (4), one might describe this portion at small distances with an
expression of the kind:
1
(1 + σ(Ea , <  >)/πr2 − (1 + σ(Ea , <  >)/πr2 )1/2 )
2

(3.36)

(the formula for a spheric segment area is used here [17]). Formally, by
σ(Ea , <  >)/πr2 → ∞ we shall have for the portion (36):
1
∼ (σ(Ea , <  >)/πr2 − (σ(Ea , <  >)/π)1/2 /r),
2
where the second term shows that the interaction should be weaker at small
distances. We might expect that a screening portion may tend to a ﬁxing
value at super-short distances. But, of course, at such distances the interaction will be super-strong and our naive approach would be not valid.

3.6

Conclusion

It is known that giant intellectual eﬀorts to construct a quantum theory of
metric ﬁeld, based on the theory of general relativity, have not a hit until
today (see the recent review [18]). From a point of view of the considered
approach, one may explain it by the fact that gravity is not geometry at short
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distances ∼ 10−11 m. Actually, it means that at such the distances quantum
gravity cannot be described alone but only in some uniﬁed manner, together
with other interactions including the strong one.
It follows from section 5 of the present work that the geometrical description of gravity should be a good idealization at big distances by the condition
of ”atomic structure” of matter. This condition cannot be accepted only for
black holes which must interact with gravitons as aggregated objects. In
addition, the equivalence principle is roughly broken for black holes, if the
described quantum mechanism of classical gravity is realized in the nature.
Other important features of this mechanism are the following ones.
• Attracting bodies are not initial sources of gravitons. In this sense, a future
theory must be non-local to describe gravitons running from inﬁnity. Nonlocal models were considered by Eﬁmov in his book [19]. The idea to describe
gravity as an eﬀect caused by running ab extra particles was criticized by the
great physicist Richard Feynman in his public lectures at Cornell University
[20], but the Pioneer 10 anomaly [?], perhaps, is a good contra argument pro
this idea.
• Newton’s law takes place if gravitons are pairing; to get preponderance of
attraction under repulsion, graviton pairs should be destructed by interaction with matter particles.
• The described quantum mechanism of classical gravity is obviously asymmetric relative to the time inversion. By the time inversion, single gravitons
would run against bodies forming pairs. It would lead to replacing a body
attraction with a repulsion. But such the change will do impossible graviton pairing. Cosmological models with the inversion of the time arrow were
considered by Sakharov [21]. Penrose reasoned about a hidden physical law
determining the time arrow direction [22]; it will be interesting if realization
in the nature of Newton’s law determines this direction.
• The two fundamental constants - Newton’s and Hubble’s ones - are connected with each other in such the model. The estimate of Hubble’s constant
has been got here using an additional postulate P1 = P (1, 2x) for pairing
gravitons.
• It is proven that graviton pairs should be distributed in two modes with
diﬀerent spin projections.
• From thermodynamic reasons, it is assumed here that the graviton background has the same temperature as the microwave background. Also it follows from the condition of detail equilibrium, that both backgrounds should
have the planckian spectra. Composite gravitons will have spin 2, if single
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gravitons have the same spin as photons. The question arise, of course: how
are gravitons and photons connected? Has the conjecture by Adler et al.
[11] (that a graviton with spin 2 is composed with two photons) chances to
be true? Intuitive demur calls forth a huge self-action, photons should be
endued with which - but one may get a uniﬁed theory on this way. To verify
this conjecture in experiment, one would search for transitions in interstellar
gas molecules caused by the microwave background, with an angular momentum change corresponding to absorption of spin 2 particles (photon pairs).
A frequency of such the transitions should correspond to an equivalent temperature of the sub-system of these composite particles T2 = 0.5946T, if T is
a temperature of the microwave background.
A future theory dealing with gravitons as usual particles having an energy,
a momentum etc (”gravitonics” would be a ﬁne name for it) should have a
number of features, which are not characterizing any existing model, to image
the recounted above features of a possible quantum mechanism of gravity.
The main results of this work were poster presented at MG10 and Thinking’03 [23, 24].
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Chapter 4
Super-strong interacting
gravitons as a main engine of
the universe without expansion
or dark energy
1

The basic cosmological conjecture about the Dopplerian nature of redshifts
may be false if gravitons are super-strong interacting particles. A quantum
mechanism of classical gravity and the main features of a new cosmological
paradigm based on it are described here.
If we assume that the background of super-strong interacting gravitons
exists, then the classical gravitational attraction between any pair of bodies
arises due to a Le Sage’s kind mechanism. A net force of attraction and
repulsion will be non-zero if one suggests that graviton pairs exist and these
pairs are destructed by collisions. This pairing is like to the one having place
in a case of superconductivity. The portion of pairing gravitons, 2n̄2 /n̄, a
spectrum of single gravitons, f (x), and a spectrum of subsystem of pairing
gravitons, f2 (2x), are shown on Fig. 1 as functions of the dimensionless
parameter x ≡ h̄ω/kT (for more details, see [1]).
1
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Figure 4.1: The portion of pairing gravitons, 2n̄2 /n̄, (solid line), a spectrum
of single gravitons, f (x), (dashed line), and a spectrum of graviton pairs,
f2 (2x), (dotted line) versus the dimensionless parameter x.
By the Planckian spectra of gravitons we ﬁnd for the Newtonian constant
[1]:

2 D2 c(kT )6
G= ·
· I2
(4.1)
3
π 3 h̄3
where I2 = 2.3184 · 10−6 , T is an eﬀective temperature of the background,
and D is some new dimensional constant. It is necessary to accept for a value
of this constant: D = 1.124 · 10−27 m2 /eV 2 .
In a presence of the graviton background, which is considered in a ﬂat
space-time, an energy of any photon should decrease with a distance r, so we
have for a redshift z [2]: z = exp(ar) − 1, where a = H/c with the Hubble
constant:
1
D · ¯ · (σT 4 ),
(4.2)
H=
2π
where ¯ is an average graviton energy, σ is the Stephan-Boltzmann constant.
It means that in this approach the two fundamental constants, G and H,

50

CHAPTER 4. A MAIN ENGINE OF THE UNIVERSE

are connected between themselves:
H = (G

45 σT 4 I42 1/2
) ,
32π 5 c3 I2

(4.3)

with I4 = 24.866. Using the known value of G, one can compute:H = 3.026 ·
10−18 s−1 = 94.576 km · s−1 · M pc−1 by T = 2.7K.
From another side, an additional relaxation of any photonic ﬂux due
to non-forehead collisions of gravitons with photons leads to a luminosity
distance DL :
DL = a−1 ln(1 + z) · (1 + z)(1+b)/2 ≡ a−1 f1 (z),

(4.4)

where b = 3/2 + 2/π = 2.137.

Figure 4.2: The ratio of observed to theoretical functions f1obs (z)/f1 (z)
(dots); observational data are taken from Table 5 of [3]. If this model is
true, the ratio should be equal to 1 for any z (solid line).
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This function ﬁts supernovae data well for z < 0.5 [4]. It excludes a need
of any dark energy to explain supernovae dimming. If one introduces distance
moduli μ0 = 5 log DL + 25 = 5 log f1obs + c1 , where c1 is a constant, f1obs (z)
is an observed analog of f1 (z), we can compute the ratio f1obs (z)/f1 (z) using
recent supernovae observational data from [3] (see Fig. 2).
The question arises: how are gravitons and photons connected? If the
conjecture by Adler et al. [5] (that a graviton with spin 2 is composed
with two photons) is true, one might check it in a laser experiment. Taking
two lasers with photon energies hν1 and hν2 , one may force laser beams to
collide on a way L (see Fig. 3). If photons self-interact, then photons with
energies hν1 − hν2 , if hν1 > hν2 , would arise after collisions of initial photons.
If we assume that single gravitons are identical to photons, then an average

Figure 4.3: The scheme of laser beam passes.
graviton energy should be replaced with hν2 , the factor 1/2π in (2) should be
replaced with 1/ϕ, where ϕ is a divergence of laser beam 2, and one must use a
quantity P/S instead of σT 4 in (2), where P is a laser 2 power and S is a crosssection of its beam. It means that we should replace the Hubble constant
with its analog for a laser beam collision, Hlaser : H → Hlaser = ϕ1 · D · hν2 · PS .
Taken ϕ = 10−4 , hν2 ∼ 1 eV , P ∼ 10 mW , and P/S ∼ 103 W/m2 , that
is characterizing a He-Ne laser, we get: Hlaser ∼ 0.06 s−1 . Then photons
with energies hν1 − hν2 would fall to a photoreceiver with a frequency which
should linearly rise with L, and it would be of 107 s−1 if both lasers have
equal powers ∼ 10 mW , and L ∼ 1 m. It is a big enough frequency to detect
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easy a ﬂux of these expected photons in the IR band.
In this approach (its summarizing description [6] will be soon published),
every massive body would be decelerated due to collisions with gravitons [2]
that may be connected with the Pioneer 10 anomaly [7].
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Chapter 5
May gravitons be super-strong
interacting particles?
1

A scheme, in which gravitons are super-strong interacting, is described.
The graviton background with the Planckian spectrum and a small eﬀective
temperature is considered as a reservoir of gravitons. A cross-section of interaction of a graviton with any particle is assumed to be a bilinear function of
its energies. Any pair of bodies are attracting not due to an exchange with its
own gravitons, but due to a pressure of external gravitons of this background.
A graviton pairing is necessary to obtain classical gravity. Any divergencies
are not possible in such the model because of natural smooth cut-oﬀs of the
graviton spectrum from both sides. Some cosmological consequences of this
scheme are discussed, too. Also it is shown here that the main conjecture of
this approach may be veriﬁed at present on the Earth.

5.1

Introduction

What is a quantum mechanism of gravity? To answer this question, it is
necessary to keep in mind a few diﬀerent circumstances. A commonly accepted hypothesis, that an exchange with gravitons, which are radiated by
bodies itself, causes classical gravity, is not a single possible one - gravitons
might belong to an external sea of particles which exists independently of
1
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attracting bodies. A coupling constant of quantum gravitational interaction
would diﬀer from the Newton constant and may depend on energies of interacting particles. A geometrical language for short distances may not be
adequate to describe quantum gravity. Perhaps, on the present stage when
we know so a little about this mechanism, it would be better to consider a
problem of its searching as a separate one. Some known eﬀects which are
not usually connected with gravity may be involved in a circle of interests
of researchers by considerations of possible mechanisms. At ﬁrst, it concerns
cosmological eﬀects which manifest themselves only on huge distances and
during big times.
There are some facts beyond cosmology, which should be taken into account in this search, too. The Pioneer 10 anomaly [1] is one of them. Another
fact is an observation of discrete energy states of neutrons in the Earth’s gravitational ﬁeld by Nesvizhevsky et al. [2]. In this remarkable experiment we
see the huge diﬀerence - about 40 orders - between observed state energies
∼ 10−12 eV and the Planck energy of ∼ 1019 GeV which is expected from
dimension reasonings as a threshold of any quantum gravity eﬀect. The long
known contradiction between the general relativity and quantum mechanics
in descriptions of a microparticle motion is the third fact: if in one theory all
particles should move on geodesics, in another they cannot move on deﬁnite
trajectories. Maybe, a cause of this contradiction is that both theories do
not take into account inﬂuences of single gravitons on a microparticle; then
small graviton energies in a future theory are appeared to be more appropriate than the Planchian ones. A possible compositeness [3] of the fundamental
fermions - electrons, neutrinos, quarks etc - should be taken into account, too.
Components of these composite fermions would be bounded with a quantum
gravitational interaction which is not similar to ordinary gravity.
The main features of a quantum model of classical gravity and its cosmological consequences are described here. The model is based on the conjecture
about an existence of the background of super-strong interacting gravitons.

5.2

A gravitational attraction due to the background

The important features of this model are the following ones (for more details,
see [4, 5]).
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• The graviton background has the Planckian spectrum and the same temperature T as CMB.
• The graviton background is in a state of dynamical equilibrium: it is cooled
via self-interactions of gravitons and formation of virtual massive gravitons
which may be dark matter particles, and is heated up via interactions with
other radiations [6].
• A cross-section of interaction σ(E, ) of a graviton with any particle is a
bilinear function of its energies: σ(E, ) = D · E · , where D is some new
dimensional constant, E is a particle’s energy,  is a graviton’s energy. The
estimate of D is: D ∼ 10−27 m2 /eV 2 , i.e. gravitons are super-strong interacting particles.
• Due to a pressure of single gravitons, there act equal attractive and repulsive forces of three order greater than the Newtonian force between any two
bodies, but a net force is equal to zero.
• To ensure Newtonian attraction, a pairing of single gravitons of running
ﬂux is necessary, and such pairs should be destructed by collisions with a
body. A nature of this pairing remains unknown. If this pairs have spin 2,
then single gravitons may have spin 1. Only two modes of spin-2 particles
may exist in the model.
• Given this pairing, the Newton constant G is equal to:
G≡

2 D2 c(kT )6
· I2 ,
·
3
π 3 h̄3

where k is the Boltzmann constant, I2 = 2.3184 · 10−6 .
• In the case of interaction of gravitons with big bodies in the aggregate,
it is impossible to have Newton’s law. One needs an ”atomic structure” of
matter to get this law.
• For proton-mass particles, the equivalence principle should be broken at
distances ∼ 10−11 m, if the model is true. It means that at shorter distances
gravity cannot be described alone, without other known interactions. It is
also the limit to apply a geometrical language in gravity.

5.3

Cosmological consequences of the model

Such the mechanism of gravity should have the following cosmological consequences [7, 4]:
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• A quantum interaction of photons with the graviton background would
lead to redshifts of remote objects; the Hubble constant H is equal in this
1
D · ¯ · (σT 4 ), where ¯ is an average graviton energy, σ is
model to: H = 2π
the Stephan-Boltzmann constant. Redshifts are caused by forehead collisions
with gravitons.
• The Hubble constant is connected in this approach with the Newton one
as:
45 σT 4 I42 1/2
) = 3.026 · 10−18 s−1 ,
H = (G
32π 5 c3 I2
where I4 = 24.866.
• Due to non-forehead collisions with gravitons, an additional relaxation of
any photonic ﬂux leads to the luminosity distance DL :
DL = a−1 ln(1 + z) · (1 + z)(1+b)/2 ,
where a = H/c, z is a redshift, and the relaxation factor b is equal to [8]:
b = 3/2 + 2/π = 2.137. See a comparison of this function with observations
of [9] in my paper [10].
• Any light radiation spectrum will be deformed due to the quantum nature
of red-shifting process. A theory of this eﬀect does not exist today. But it
may be checked experimentally in a laser experiment (see the next section).
• Any massive objects, moving relative to the background, should be decelerated by the background. A body’s acceleration w by a non-zero velocity
v relative to the background is equal to: w = −ac2 (1 − v 2 /c2 ), and has by
small velocities the same order Hc as an anomalous acceleration of Pioneer
10 [1].
• An existence of black holes contradicts to Einstein’s equivalence principle
in a frame of this model [4].

5.4

How to verify the main conjecture of this
approach

I would like to show here a full realizability at present time of verifying my
basic conjecture about the quantum gravitational nature of redshifts in a
ground-based laser experiment. Of course, many details of this precision
experiment will be in full authority of experimentalists.
It was not clear in 1995 how big is a temperature of the graviton background, and my proposal [11] to verify the conjecture about the described
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local quantum character of redshifts turned out to be very rigid: a laser with
instability of ∼ 10−17 hasn’t appeared after 9 years. But if T = 2.7K, the
satellite of main laser line of frequency ν after passing the delay line will be
red-shifted at ∼ 10−3 eV/h and its position will be ﬁxed, but, due to the
quantum nature of shifting process, the ratio of its intensity to main line’s
intensity should have the order:
∼

hν H
l,
¯ c

where l is a path of laser photons in a vacuum tube of delay line. It gives us
a possibility to plan a laser-based experiment to verify the basic conjecture
of this approach with much softer demands to the equipment. An instability
of a laser of a power P must be only  10−3 if a photon energy is of ∼ 1 eV .
If one compares intensities of the red-shifted satellite at the very beginning
of the path l and after it, and uses a single photon counter to measure the
ones (when q is a quantum output of a cathode of the used photomultiplier,
Nn is a frequency of its noise pulses, and n is a desired ratio of a signal to
noise’s standard deviation), then an evaluated time duration t of collecting
data would have the order:
t=

¯2 c2 n2 Nn
.
H 2 q 2 P 2 l2

Assuming n = 10, Nn = 103 s−1 , q = 0.3, P = 300 W, l = 100 m, we
get: t ∼ 4 days, that is acceptable for the experiment of such the potential
importance.

5.5

Conclusion

The described model of Le Sage’s kind has not an analogue in present-day
physics of particles. If this mechanism is realized in the nature, both the
general relativity and quantum mechanics should be modiﬁed. The indirectly observed objects in centers of galaxies, which are known now as black
holes, should have another nature, too. Gravity at short distances, which are
meantime much bigger than the Planck length, needs to be described only
in some uniﬁed manner.
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Chapter 6
Low-energy quantum gravity
leads to another picture of the
universe
1

If gravitons are super-strong interacting particles and the low-temperature
graviton background exists, the basic cosmological conjecture about the Dopplerian nature of redshifts may be false: a full magnitude of cosmological redshift would be caused by interactions of photons with gravitons. Non-forehead
collisions with gravitons will lead to a very speciﬁc additional relaxation of
any photonic ﬂux that gives a possibility of another interpretation of supernovae 1a data - without any kinematics. These facts may implicate a necessity to change the standard cosmological paradigm. Some features of a new
paradigm are discussed. In a frame of this model, every observer has two
diﬀerent cosmological horizons. One of them is deﬁned by maximum existing
temperatures of remote sources - by big enough distances, all of them will be
masked with the CMB radiation. Another, and much smaller, one depends on
their maximum luminosity - the luminosity distance increases with a redshift
much quickly than the geometrical one.
If the considered quantum mechanism of classical gravity is realized in
the nature, than an existence of black holes contradicts to the equivalence
principle. In this approach, the two fundamental constants - Hubble’s and
1
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Newton’s ones - should be connected between themselves. The theoretical
value of the Hubble constant is computed. Also, every massive body would
be decelerated due to collisions with gravitons that may be connected with the
Pioneer 10 anomaly.

6.1

Introduction

An opinion is commonly accepted that quantum gravity should manifest itself
only on the Planck scale of energies, i.e. it is a high-energy phenomenon.
The value of the Planck energy ∼ 1019 GeV has been got from dimensional
reasonings. Still one wide-spread opinion is that we know a mechanism of
gravity (bodies are exchanging with gravitons of spin 2) but cannot correctly
describe it.
In a few last years, the situation has been abruptly changed. I enumerate
those discoveries and observations which may force, in my opinion, the ice
to break up.
1. In 1998, Anderson’s team reported about the discovery of anomalous
acceleration of NASA’s probes Pioneer 10/11 [1]; this eﬀect is not embedded
in a frame of the general relativity, and its magnitude is somehow equal to
∼ Hc, where H is the Hubble constant, c is the light velocity.
2. In the same 1998, two teams of astrophysicists, which were collecting
supernovae 1a data with the aim to speciﬁcate parameters of cosmological
expansion, reported about dimming remote supernovae [2, 3]; the one would
be explained on a basis of the Doppler eﬀect if at present epoch the universe
expands with acceleration. This explanation needs an introduction of some
”dark energy” which is unknown from any laboratory experiments.
3. In January 2002, Nesvizhevsky’s team reported about discovery of
quantum states of ultra-cold neutrons in the Earth’s gravitational ﬁeld [4].
Observed energies of levels (it means that and their diﬀerences too) in full
agreement with quantum-mechanical calculations turned out to be equal to
∼ 10−12 eV. The formula for energy levels had been found still by Bohr
and Sommerfeld. If transitions between these levels are accompanied with
irradiation of gravitons then energies of irradiated gravitons should have the
same order - but it is of 40 orders lesser than the Planck energy by which
one waits quantum manifestations of gravity.
The ﬁrst of these discoveries obliges to muse about the borders of applicability of the general relativity, the third - about that quantum gravity
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would be a high-energy phenomenon. It seems that the second discovery is
far from quantum gravity but it obliges us to look at the traditional interpretation of the nature of cosmological redshift critically. An introduction
into consideration of an alternative model of redshifts [5] which is based on
a conjecture about an existence of the graviton background gives us odds
to see in the eﬀect of dimming supernovae an additional manifestation of
low-energy quantum gravity. Under the deﬁnite conditions, an eﬀective temperature of the background may be the same one as a temperature of the
cosmic microwave background, with an average graviton energy of the order
∼ 10−3 eV.
In this contribution (it is a short version of my summarizing paper [6]), the
main results of author’s research in this approach are described. It is shown
that if a redshift would be a quantum gravitational eﬀect then one can get
from its magnitude an estimate of a new dimensional constant characterizing
a single act of interaction in this model. It is possible to calculate theoretically a dependence of a light ﬂux relaxation on a redshift value, and this
dependence ﬁts supernova observational data very well at least for z < 0.5.
Further it is possible to ﬁnd a pressure of single gravitons of the background
which acts on any pair of bodies due to screening the graviton background
with the bodies [7]. It turns out that the pressure is huge (a corresponding
force is ∼ 1000 times stronger than the Newtonian attraction) but it is compensated with a pressure of gravitons which are re-scattered by the bodies.
The Newtonian attraction arises if a part of gravitons of the background
forms pairs which are destructed by interaction with bodies. It is interesting
that both Hubble’s and Newton’s constants may be computed in this approach with the ones being connected between themselves. It allows us to
get a theoretical estimate of the Hubble constant. An unexpected feature of
this mechanism of gravity is a necessity of ”an atomic structure” of matter the mechanism doesn’t work without the one.
Collisions with gravitons should also call forth a deceleration of massive
bodies of order ∼ Hc - namely the same as of NASA’s probes. But at present
stage it turns out unclear why such the deceleration has not been observed
for planets. The situation reminds by something of the one that took place in
physics before the creation of quantum mechanics when a motion of electrons
should, as it seemed by canons of classical physics, lead to their fall to a
nucleus.
So, in this approach we deal with the following small quantum eﬀects of
low-energy gravity: redshifts, its analog - a deceleration of massive bodies,
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and an additional relaxation of any light ﬂux. The Newtonian attraction
turns out to be the main statistical eﬀect, with bodies themselves being not
sources of gravitons - only correlational properties of in and out ﬂuxes of
gravitons in their neighbourhood are changed due to an interaction with
bodies. There does still not exist a full and closed theory in this approach,
but even the initial researches in this direction show that in this case quantum gravity cannot be described separately of other interactions, and also
manifest the boundaries of applicability of a geometrical language in gravity.

6.2

Passing photons through the graviton background [5]

Let us introduce the hypothesis, which is considered in this approach as
independent from the standard cosmological model: there exists the isotropic
graviton background. Photon scattering is possible on gravitons γ + h →
γ + h, where γ is a photon and h is a graviton, if one of the gravitons is
virtual. The energy-momentum conservation law prohibits energy transfer
to free gravitons. Due to forehead collisions with gravitons, an energy of any
photon should decrease when it passes through the sea of gravitons.
From another side, none-forehead collisions of photons with gravitons of
the background will lead to an additional relaxation of a photon ﬂux, caused
by transmission of a momentum transversal component to some photons.
It will lead to an additional dimming of any remote objects, and may be
connected with supernova dimming.
We deal here with the uniform non-expanding universe with the Euclidean
space, and there are not any cosmological kinematic eﬀects in this model.

6.2.1

Forehead collisions with gravitons: an alternative explanations of the redshift nature

We shall take into account that a gravitational ”charge” of a photon must be
proportional to E (it gives the factor E 2 in a cross-section) and a normalization of a photon wave function gives the factor E −1 in the cross-section. Also
we assume here that a photon average energy loss ¯ in one act of interaction
is relatively small to a photon energy E. Then average energy losses of a
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photon with an energy E on a way dr will be equal to [5]:
dE = −aEdr,

(6.1)

where a is a constant. If a whole redshift magnitude is caused by this eﬀect,
we must identify a = H/c, where c is the light velocity, to have the Hubble
law for small distances [8].
A photon energy E should depend on a distance from a source r as
E(r) = E0 exp(−ar),

(6.2)

where E0 is an initial value of energy.
The expression (2) is just only so far as the condition ¯ << E(r) takes
place. Photons with a very small energy may lose or acquire an energy
changing their direction of propagation after scattering. Early or late such
photons should turn out in the thermodynamic equilibrium with the graviton
background, ﬂowing into their own background. Decay of virtual gravitons
should give photon pairs for this background, too. Perhaps, the last one is
the cosmic microwave background [9, 10].
It follows from the expression (2) that an exact dependence r(z) is the
following one:
r(z) = ln(1 + z)/a,
(6.3)
if an interaction with the graviton background is the only cause of redshifts.
It is very important, that this redshift does not depend on a light frequency.
For small z, the dependence r(z) will be linear.
The expressions (1) - (3) are the same that appear in other tired-light
models (compare with [11]). In this approach, the ones follow from a possible existence of the isotropic graviton background, from quantum electrodynamics, and from the fact that a gravitational ”charge” of a photon must be
proportional to E.

6.2.2

Non-forehead collisions with gravitons: an additional dimming of any light ﬂux

Photon ﬂux’s average energy losses on a way dr due to non-forehead collisions
with gravitons should be proportional to badr, where b is a new constant of the
order 1. These losses are connected with a rejection of a part of photons from
a source-observer direction. Such the relaxation together with the redshift
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will give a connection between visible object’s diameter and its luminosity
(i.e. the ratio of an object visible angular diameter to a square root of visible
luminosity), distinguishing from the one of the standard cosmological model.
Let us consider that in a case of a non-forehead collision of a graviton
with a photon, the latter leaves a photon ﬂux detected by a remote observer
(an assumption of a narrow beam of rays). The details of calculation of the
theoretical value of relaxation factor b which was used in author’s paper [5]
were given later in the preprint [12]. So as both particles have velocities c, a
cross-section of interaction, which is ”visible” under an angle θ (see Fig. 1),
will be equal to σ0 | cos θ| if σ0 is a cross-section by forehead collisions. The
function | cos θ| allows to take into account both front and back hemispheres
for riding gravitons. Additionally, a graviton ﬂux, which falls on a picked out
area (cross-section), depends on the angle θ. We have for the ratio of ﬂuxes:
Φ(θ)/Φ0 = Ss /σ0 ,
where Φ(θ) and Φ0 are the ﬂuxes which fall on σ0 under the angle θ and
normally, Ss is a square of side surface of a truncated cone with a base σ0
(see Fig. 1).

Figure 6.1: By non-forehead collisions of gravitons with a photon, it is necessary to calculate a cone’s side surface square, Ss .

6.2. PASSING PHOTONS THROUGH THE GRAVITON BACKGROUND67
Finally, we get for the factor b :
 π/2

b=2

0

cos θ · (Ss /σ0 )

dθ
.
π/2

(6.4)

By 0 < θ < π/4, a formed cone contains self-intersections, and it is Ss =
2σ0 · cos θ. By π/4 ≤ θ ≤ π/2, we have Ss = 4σ0 · sin2 θ cos θ.
After computation of simple integrals, we get:
b=

 π/2
4  π/4
3 2
2 cos2 θdθ +
sin2 2θdθ) = +  2.137.
(
π 0
2 π
π/4

(6.5)

In the considered simplest case of the uniform non-expanding universe with
the Euclidean space, we shall have the quantity
(1 + z)(1+b)/2 ≡ (1 + z)1.57
in a visible object diameter-luminosity connection if a whole redshift magnitude would caused by such an interaction with the background (instead of
(1 + z)2 for the expanding uniform universe). For near sources, the estimate
of the factor b will be some increased one.
The luminosity distance (see [2]) is a convenient quantity for astrophysical
observations. Both redshifts and the additional relaxation of any photonic
ﬂux due to non-forehead collisions of gravitons with photons lead in our
model to the following luminosity distance DL :
DL = a−1 ln(1 + z) · (1 + z)(1+b)/2 ≡ a−1 f1 (z),

(6.6)

where f1 (z) ≡ ln(1 + z) · (1 + z)(1+b)/2 .

6.2.3

Comparison of the theoretical predictions with
supernova data

To compare a form of this predicted dependence DL (z) by unknown, but
constant H, with the latest observational supernova data by Riess et al. [13],
one can introduce distance moduli μ0 = 5 log DL +25 = 5 log f1 +c1 , where c1
is an unknown constant (it is a single free parameter to ﬁt the data); f1 is the
luminosity distance in units of c/H. In Figure 2, the Hubble diagram μ0 (z)
is shown with c1 = 43 to ﬁt observations for low redshifts; observational data
(82 points) are taken from Table 5 of [13]. The predictions ﬁt observations
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Figure 6.2: Comparison of the theoretical values of distance moduli μ0 (z)
(solid line) with observations (points) from [13] by Riess et al.
very well for roughly z < 0.5. It excludes a need of any dark energy to
explain supernovae dimming.
Discrepancies between predicted and observed values of μ0 (z) are obvious
for higher z: we see that observations show brighter SNe that the theory
allows, and a diﬀerence increases with z. It is better seen on Figure 3 with
a linear scale for f1 ; observations are transformed as μ0 → 10(μ0 −c1 )/5 with
the same c1 = 43.2 It would be explained in the model as a result of speciﬁc
deformation of SN spectra due to a discrete character of photon energy losses.
Today, a theory of this eﬀect does not exist, and I explain its origin only
qualitatively [14]. For very small redshifts z, only a small part of photons
transmits its energy to the background (see Fig. 8 in [6]). Therefore any
red-shifted narrow spectral strip will be a superposition of two strips. One of
2

A spread of observations raises with z; it might be partially caused by quickly raising
contribution of a dispersion of measured ﬂux: it should be proportional to f16 (z).
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Figure 6.3: Predicted values of f1 (z) (solid line) and observations (points)
from [13] transformed to a linear scale
them has a form which is identical with an initial one, its space is proportional
to 1 − n(r) where n(r) is an average number of interactions of a single photon
with the background, and its center’s shift is negligible (for a narrow strip).
Another part is expand, its space is proportional to n(r), and its center’s shift
is equal to ¯g /h where ¯g is an average energy loss in one act of interaction. An
amplitude of the red-shifted step should linear raise with a redshift. For big z,
spectra of remote objects of the universe would be deformed. A deformation
would appear because of multifold interactions of a initially-red-shifted part
of photons with the graviton background. It means that the observed ﬂux
within a given passband would depend on a form of spectrum: the ﬂux may
be larger than an expected one without this eﬀect if an initial ﬂux within a
next-blue neighbour band is big enough - due to a superposition of red-shifted
parts of spectrum. Some other evidences of this eﬀect would be an apparent
variance of the ﬁne structure constant [15] or of the CMB temperature [16]
with epochs. In both cases, a ratio of red-shifted spectral line’s intensities
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may be sensitive to the eﬀect. Also, this eﬀect should be taken into account
when one analyzes a temporal evolution of supernova spectra to detect the
relativistic ”time dilation” eﬀect [17].

6.2.4

Computation of the Hubble constant

Let us consider that a full redshift magnitude is caused by an interaction
with single gravitons. If σ(E, ) is a cross-section of interaction by forehead
collisions of a photon with an energy E with a graviton, having an energy ,
we consider really (see (1)), that
dσ(E, )
= const(E),
EdΩ
where dΩ is a space angle element, and the function const(x) has a constant
value for any x. If f (ω, T )dΩ/2π is a spectral density of graviton ﬂux in the
limits of dΩ in some direction (ω is a graviton frequency,  = h̄ω), i.e. an
intensity of a graviton ﬂux is equal to the integral (dΩ/2π) 0∞ f (ω, T )dω, T
is an equivalent temperature of the graviton background, we can write for
the Hubble constant H = ac, introduced in the expression (1):
H=

1  ∞ σ(E, )
f (ω, T )dω.
2π 0
E

If f (ω, T ) can be described by the Planck formula for equilibrium radiation,
then
 ∞
f (ω, T )dω = σT 4 ,
0

where σ is the Stephan- Boltzmann constant. As carriers of a gravitational
”charge” (without consideration of spin properties), gravitons should be described in the same manner as photons , i.e. one can write for them:
dσ(E, )
= const().
dΩ
Now let us introduce a new dimensional constant D, so that for forehead
collisions:
σ(E, ) = D · E · .
(6.7)
Then
H=

1
D · ¯ · (σT 4 ),
2π

(6.8)
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where ¯ is an average graviton energy. Assuming T ∼ 3K, ¯ ∼ 10−4 eV, and
H = 1.6 · 10−18 s−1 , we get the following rough estimate for D :
D ∼ 10−27 m2 /eV 2 ,
(see below Section 4.3 for more exact estimate of D and for a theoretical
estimate of H) that gives us the phenomenological estimate of cross-section
by the same and equal E and ¯:
σ(E, ¯) ∼ 10−35 m2 .

6.3

Deceleration of massive bodies: an analog of redshifts

As it was reported by Anderson’s team [1] , NASA deep-space probes (Pioneer 10/11, Galileo, and Ulysses) experience a small additional constant
acceleration, directed towards the Sun (the Pioneer anomaly). Today, a possible origin of the eﬀect is unknown. It must be noted here that the reported
direction of additional acceleration may be a result of the simplest conjecture, which was accepted by the authors to provide a good ﬁt for all probes.
One should compare diﬀerent conjectures to choose the one giving the best
ﬁt.
We consider here a deceleration of massive bodies, which would give a
similar deformation of cosmic probes’ trajectories [5]. The one would be a
result of interaction of a massive body with the graviton background, but
such an additional acceleration will be directed against a body velocity.
It follows from a universality of gravitational interaction, that not only
photons, but all other objects, moving relative to the background, should
lose their energy, too, due to such a quantum interaction with gravitons. If
a = H/c, it turns out that massive bodies must feel a constant deceleration
of the same order of magnitude as a small additional acceleration of cosmic
probes.
Let us now denote as E a full energy of a moving body which has a
velocity v relative to the background. Then energy losses of the body by
an interaction with the graviton background (due to forehead collisions with
gravitons) on the way dr must be expressed by the same formula (1):
dE = −aEdr,
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where a = H/c. If dr = vdt, where t is a time, and E = mc2 / 1 − v 2 /c2 ,
then we get for the body acceleration w ≡ dv/dt by a non-zero velocity:
w = −ac2 (1 − v 2 /c2 ).

(6.9)

We assume here, that non-forehead collisions with gravitons give only stochastic deviations of a massive body’s velocity direction, which are negligible. For
small velocities:
w  −Hc.
(6.10)
If the Hubble constant H is equal to 3.026 · 10−18 s−1 (it is the theoretical
estimate of H in this approach, see below Section 4.3), a modulus of the
acceleration will be equal to
|w|  Hc = 9.078 · 10−10 m/s2 ,

(6.11)

that is in the very good accordance with a value of the observed additional
acceleration (8.74 ± 1.33) · 10−10 m/s2 for NASA probes.
I must emphasize here that the acceleration w is directed against a body
velocity only in a special frame of reference (in which the graviton background
is isotropic). I would like to note that a deep-space mission to test the
discovered anomaly is planned now at NASA by the authors of this very
important discovery [18].
It is very important to understand, why such an acceleration has not
been observed for planets. This acceleration will have diﬀerent directions by
motion of a body on a closed orbit, and one must take into account a solar
system motion, too. As a result, an orbit should be deformed. The observed
value of anomalous acceleration of Pioneer 10 should represent the vector
diﬀerence of the two accelerations [7]: an acceleration of Pioneer 10 relative
to the graviton background, and an acceleration of the Earth relative to the
background. Possibly, the last is displayed as an annual periodic term in
the residuals of Pioneer 10 [19]. If the solar system moves with a noticeable
velocity relative to the background, the Earth’s anomalous acceleration projection on the direction of this velocity will be smaller than for the Sun because of the Earth’s orbital motion. It means that in a frame of reference,
connected with the Sun, the Earth should move with an anomalous acceleration having non-zero projections as well on the orbital velocity direction as on
the direction of solar system motion relative to the background. Under some
conditions, the Earth’s anomalous acceleration in this frame of reference may
be periodic. The axis of Earth’s orbit should feel an annual precession by it.
This question needs a further consideration.

6.4. GRAVITY AS THE SCREENING EFFECT
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Gravity as the screening eﬀect

It was shown by the author [7] that screening the background of superstrong interacting gravitons creates for any pair of bodies both attraction
and repulsion forces due to pressure of gravitons. For single gravitons, these
forces are approximately balanced, but each of them is much bigger than a
force of Newtonian attraction. If single gravitons are pairing, an attraction
force due to pressure of such graviton pairs is twice exceeding a corresponding
repulsion force if graviton pairs are destructed by collisions with a body. In
such the model, the Newton constant is connected with the Hubble constant
that gives a possibility to obtain a theoretical estimate of the last. We deal
here with a ﬂat non-expanding universe fulﬁlled with super-strong interacting
gravitons; it changes the meaning of the Hubble constant which describes
magnitudes of three small eﬀects of quantum gravity but not any expansion
or an age of the universe.

6.4.1

Pressure force of single gravitons

If gravitons of the background run against a pair of bodies with masses m1
and m2 (and energies E1 and E2 ) from inﬁnity, then a part of gravitons
is screened. Let σ(E1 , ) is a cross-section of interaction of body 1 with a
graviton with an energy  = h̄ω, where ω is a graviton frequency, σ(E2 , ) is
the same cross-section for body 2. In absence of body 2, a whole modulus of
a gravitonic pressure force acting on body 1 would be equal to:
4σ(E1 , <  >) ·

1 4f (ω, T )
·
,
3
c

(6.12)

where f (ω, T ) is a graviton spectrum with a temperature T (assuming to be
Planckian), the factor 4 in front of σ(E1 , <  >) is introduced to allow all
possible directions of graviton running, <  > is another average energy of
running gravitons with a frequency ω taking into account a probability of
that in a realization of ﬂat wave a number of gravitons may be equal to zero,
and that not all of gravitons ride at a body.
Body 2, placed on a distance r from body 1, will screen a portion of
running against body 1 gravitons which is equal for big distances between
the bodies (i.e. by σ(E2 , <  >)  4πr2 ) to:
σ(E2 , <  >)
4πr2 .

(6.13)
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Taking into account all frequencies ω, the following attractive force will act
between bodies 1 and 2 :
F1 =

 ∞
σ(E2 , <  >)
0

4πr2

· 4σ(E1 , <  >) ·

1 4f (ω, T )
·
dω.
3
c

(6.14)

Let f (ω, T ) is described with the Planck formula:
f (ω, T ) =

h̄ω
ω2
.
2
2
4π c exp(h̄ω/kT ) − 1

(6.15)

Let x ≡ h̄ω/kT , and n̄ ≡ 1/(exp(x) − 1) is an average number of gravitons
in a ﬂat wave with a frequency ω (on one mode of two distinguishing with a
projection of particle spin). Let P (n, x) is a probability of that in a realization
of ﬂat wave a number of gravitons is equal to n, for example P (0, x) =
exp(−n̄).
Then we get for an attractive force F1 :
F1 =

4 D2 E1 E2  ∞ h̄3 ω 5
(1 − P (0, x))2 n̄5 exp(−2n̄)dω =
2
2
3 πr2 c
4π
c
0

(6.16)

1 D2 c(kT )6 m1 m2
· I1 ,
·
3
π 3 h̄3 r2
where
I1 ≡

 ∞
0

x5 (1−exp(−(exp(x)−1)−1 ))2 (exp(x)−1)−5 exp(−2(exp(x)−1)−1 )dx =
−3

(6.17)

5.636 · 10 .
This and all other integrals were found with the MathCad software.
If F1 ≡ G1 · m1 m2 /r2 , then the constant G1 is equal to:
G1 ≡

1 D2 c(kT )6
· I1 .
·
3
π 3 h̄3

(6.18)

By T = 2.7 K : G1 = 1215.4 · G, that is three order greater than the Newton
constant, G.
But if single gravitons are elastically scattered with body 1, then our
reasoning may be reversed: the same portion (13) of scattered gravitons will


create a repulsive force F1 acting on body 2 and equal to F1 = F1 , if one
neglects with small allowances which are proportional to D3 /r4 .
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So, for bodies which elastically scatter gravitons, screening a ﬂux of single
gravitons does not ensure Newtonian attraction. But for gravitonic black
holes which absorb any particles and do not re-emit them (by the meaning of
a concept, the ones are usual black holes; I introduce a redundant adjective

only from a caution), we will have F1 = 0. It means that such the object
would attract other bodies with a force which is proportional to G1 but
not to G, i.e. Einstein’s equivalence principle would be violated for them.
This conclusion, as we shall see below, stays in force for the case of graviton
pairing, too.

6.4.2

Graviton pairing

To ensure an attractive force which is not equal to a repulsive one, particle
correlations should diﬀer for in and out ﬂux. For example, single gravitons
of running ﬂux may associate in pairs [7]. If such pairs are destructed by
collision with a body, then quantities <  > will be distinguished for running
and scattered particles. Graviton pairing may be caused with graviton’s own
gravitational attraction or gravitonic spin-spin interaction. Left an analysis
of the nature of graviton pairing for the future; let us see that gives such the
pairing.
To ﬁnd an average number of pairs n̄2 in a wave with a frequency ω for the
state of thermodynamic equilibrium, one may replace h̄ → 2h̄ by deducing
the Planck formula. Then an average number of pairs will be equal to:
n̄2 =

1
,
exp(2x) − 1

(6.19)

and an energy of one pair will be equal to 2h̄ω. It is important that graviton
pairing does not change a number of stationary waves, so as pairs nucleate
from existing gravitons.
It follows from the energy conservation law that composite gravitons
should be distributed only in two modes. So as
n̄2
= 1/2,
x→0 n̄
lim

(6.20)

then by x → 0 we have 2n̄2 = n̄, i.e. all of gravitons are pairing by low
frequencies. An average energy on every mode of pairing gravitons is equal
to 2h̄ωn̄2 , the one on every mode of single gravitons - to h̄ωn̄. These energies
are equal by x → 0, because of that, the numbers of modes are equal, too,
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if the background is in the thermodynamic equilibrium with surrounding
bodies.
The spectrum of composite gravitons is also the Planckian one, but with
a smaller temperature of 0.5946T. An absolute luminosity for the sub-system
of composite gravitons is equal to 18 σT 4 , where σ is the Stephan-Boltzmann
constant. It is important that the graviton pairing eﬀect does not change
computed values of the Hubble constant and of anomalous deceleration of
massive bodies: twice decreasing of a sub-system particle number due to
the pairing eﬀect is compensated with twice increasing the cross-section of
interaction of a photon or any body with such the composite gravitons. Nonpairing gravitons with spin 1 give also its contribution in values of redshifts,
an additional relaxation of light intensity due to non-forehead collisions with
gravitons, and anomalous deceleration of massive bodies moving relative to
the background.

6.4.3

Computation of the Newton constant, and a connection between the two fundamental constants,
G and H

If running graviton pairs ensure for two bodies an attractive force F2 , then a
repulsive force due to re-emission of gravitons of a pair alone will be equal to

F2 = F2 /2. It follows from that the cross-section σ(E2 , <  >) = 12 · σ(E2 , <
2 >), where < 2 > is an average pair energy with taking into account a
probability of that in a realization of ﬂat wave a number of graviton pairs
may be equal to zero, and that not all of graviton pairs ride at a body
(< 2 > is an analog of <  >). This equality is true in neglecting with small
allowances which are proportional to D3 /r4 . Replacing n̄ → n̄2 , h̄ω → 2h̄ω,
and P (n, x) → P (n, 2x), where P (0, 2x) = exp(−n̄2 ), we get for a force of
attraction of two bodies due to pressure of graviton pairs, F2 :
F2 =

 ∞
σ(E2 , < 2 >)
0

4πr2

· 4σ(E1 , < 2 >) ·

1 4f (ω, T )
·
dω =
3
c

(6.21)

4 D2 c(kT )6 m1 m2
·
· I2 ,
3
π 3 h̄3 r2
where
I2 ≡

 ∞ 5
x (1 − exp(−(exp(2x) − 1)−1 ))2 (exp(2x) − 1)−5
0

exp(2(exp(x) − 1)−1 )

dx =

(6.22)
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2.3184 · 10−6 .
The diﬀerence F between attractive and repulsive forces will be equal to:
1
m1 m2

F ≡ F2 − F2 = F2 ≡ G2 2 ,
2
r

(6.23)

where the constant G2 is equal to:
G2 ≡

2 D2 c(kT )6
· I2 .
·
3
π 3 h̄3

(6.24)

Both G1 and G2 are proportional to T 6 (and H ∼ T 5 , so as ¯ ∼ T ).
If one assumes that G2 = G, then it follows that by T = 2.7K the constant
D should have the value:
D = 1.124 · 10−27 m2 /eV 2 .

(6.25)

An average graviton energy of the background is equal to:
¯ ≡

 ∞
0

where
I4 ≡

h̄ω ·

 ∞
0

f (ω, T )
15
dω = 4 I4 kT,
4
σT
π

(6.26)

x4 dx
= 24.866
exp(x) − 1

−4

(it is ¯ = 8.98 · 10 eV by T = 2.7K).
We can use (8) and (24) to establish a connection between the two fundamental constants, G and H, under the condition that G2 = G. We have
for D :
2π 5 H
2πH
=
;
(6.27)
D=
¯σT 4
15kσT 5 I4
then
2 D2 c(kT )6
32π 5 H 2 c3 I2
G = G2 = ·
·
·
I
=
.
(6.28)
2
3
45
σT 4 I42
π 3 h̄3
So as the value of G is known much better than the value of H, let us express
H via G :
45 σT 4 I42 1/2
) = 3.026 · 10−18 s−1 ,
(6.29)
H = (G
32π 5 c3 I2
or in the units which are more familiar for many of us: H = 94.576 km · s−1 ·
M pc−1 .
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This value of H is signiﬁcantly larger than we see in the majority of
present astrophysical estimations [2, 20, 21] (for example, the estimate (72 ±
8) km/s/Mpc has been got from SN1a cosmological distance determinations
in [21]), but it is well consistent with some of them [22] and with the observed
value of anomalous acceleration of Pioneer 10 [1].

6.5

Some cosmological consequences of the
model

If the described model of redshifts is true, what is a picture of the universe?
In a frame of this model, every observer has two own spheres of observability
in the universe (two diﬀerent cosmological horizons exist for any observer)
[23, 24]. One of them is deﬁned by maximum existing temperatures of remote sources - by big enough distances, all of them will be masked with the
CMB radiation. Another, and much smaller, sphere depends on their maximum luminosity - the luminosity distance increases with a redshift much
quickly than the geometrical one. The ratio of the luminosity distance to the
geometrical one is the quickly increasing function of z :
DL (z)/r(z) = (1 + z)(1+b)/2 ,

(6.30)

which does not depend on the Hubble constant. An outer part of the universe
will drown in a darkness.
By the found theoretical value of the Hubble constant: H = 3.026 ·
−18 −1
s (then a natural light unit of distances is equal to 1/H  10.5 light
10
GYR), plots of two theoretical functions of z in this model - the geometrical
distance r(z) and the luminosity distance DL (z) - are shown on Fig. 4 [23, 24].
As one can see, for objects with z ∼ 10, which are observable now, we should
anticipate geometrical distances of the order ∼ 25 light GYR and luminosity
distances of the order ∼ 1100 light GYR in a frame of this model. An
estimate of distances to objects with given z is changed, too: for example,
the quasar with z = 5.8 [25] should be in a distance approximately twice
bigger than the one expected in the model based on the Doppler eﬀect.
We can assume that the graviton background and the cosmic microwave
one are in a state of thermodynamical equilibrium, and have the same temperatures. CMB itself may arise as a result of cooling any light radiation up
to reaching this equilibrium. Then it needs z ∼ 1000 to get through the very
edge of our cosmic ”ecumene”.
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Figure 6.4: The geometrical distance, r(z), (solid line) and the luminosity
distance, DL (z), (dashed line) - both in light GYRs - in this model as functions of a redshift, z. The following theoretical value for H is accepted:
H = 3.026 · 10−18 s−1 .
Some other possible cosmological consequences of an existence of the
graviton background were described in [26, 7]. Observations of last years give
us strong evidences for supermassive and compact objects (named now supermassive black holes) in active and normal galactic nuclei [27, 28, 29, 30, 31].
Massive nuclear ”black holes” of 106 −109 solar masses may be responsible for
the energy production in quasars and active galaxies [27]. In a frame of this
model, an existence of black holes contradicts to the equivalence principle.
It means that these objects should have another nature; one must remember
that we know only that these objects are supermassive and compact.
There should be two opposite processes of heating and cooling the graviton background [26] which may have a big impact on cosmology. Unlike
models of expanding universe, in any tired light model one has a problem of
utilization of energy, lost by radiation of remote objects. In the considered
model, a virtual graviton forms under collision of a photon with a graviton of
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the graviton background. It should be massive if an initial graviton transfers
its total momentum to a photon; it follows from the energy conservation law

that its energy  must be equal to 2 if  is an initial graviton energy. In
force of the uncertainty relation, one has for a virtual graviton lifetime τ :


τ ≤ h̄/ , i.e. for  ∼ 10−4 eV it is τ ≤ 10−11 s. In force of conservation
laws for energy, momentum and angular momentum, a virtual graviton may
decay into no less than three real gravitons. In a case of decay into three


gravitons, its energies should be equal to ,  ,  , with  +  = . So,

after this decay, two new gravitons with  ,  <  inﬂow into the graviton
background. It is a source of adjunction of the graviton background.
From another side, an interaction of gravitons of the background between
themselves should lead to the formation of virtual massive gravitons, too,
with energies less than min where min is a minimal energy of one graviton

of an initial interacting pair. If gravitons with energies  ,  wear out a ﬁle
of collisions with gravitons of the background, its lifetime increases. In every
such a collision-decay cycle, an average energy of ”redundant” gravitons will
double decrease, and its lifetime will double increase. Only for ∼ 93 cycles, a
lifetime will increase from 10−11 s to 10 Gyr. Such virtual massive gravitons,
with a lifetime increasing from one collision to another, would duly serve dark
matter particles. Having a zero (or near to zero) initial velocity relative to the
graviton background, the ones will not interact with matter in any manner
excepting usual gravitation. An ultra-cold gas of such gravitons will condense
under inﬂuence of gravitational attraction into ”black holes” or other massive
objects. Additionally to it, even in absence of initial heterogeneity, the one
will easy arise in such the gas that would lead to arising of super compact
massive objects, which will be able to turn out ”germs” of ”black holes”. It
is a method ”to cool” the graviton background.
So, the graviton background may turn up ”a perpetual engine” of the
universe, pumping energy from any radiation to massive objects. An equilibrium state of the background will be ensured by such a temperature T,
for which an energy proﬁt of the background due to an inﬂux of energy from
radiation will be equal to a loss of its energy due to a catch of virtual massive
gravitons with ”black holes” or other massive objects. In such the picture,
the chances are that ”black holes” would turn out ”germs” of galaxies. After
accumulation of a big enough energy by a ”black hole” (to be more exact,
by a super-compact massive object) by means of a catch of virtual massive
gravitons, the one would be absolved from an energy excess in via ejection of
matter, from which stars of galaxy should form. It awaits to understand else
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in such the approach how usual matter particles form from virtual massive
gravitons.
There is a very interesting but non-researched possibility: due to relative
decreasing of an intensity of graviton pair ﬂux in an internal area of galaxies
(pairs are destructed under collisions with matter particles), the eﬀective
Newton constant may turn out to be running on galactic scales. It might
lead to something like to the modiﬁed Newtonian dynamics (MOND) by
Mordehai Milgrom (about MOND, for example, see [32]). But to evaluate
this eﬀect, one should take into account a relaxation process for pairs, about
which we know nothing today. It is obvious only that gravity should be
stronger on a galactic periphery.

6.6

Conclusion

It follows from the above consideration that the geometrical description of
gravity should be a good idealization for any pair of bodies at a big distance
by the condition of an ”atomic structure” of matter. This condition cannot be accepted only for black holes which must interact with gravitons as
aggregated objects. In addition, the equivalence principle is roughly broken
for black holes, if the described quantum mechanism of classical gravity is
realized in the nature. Because attracting bodies are not initial sources of
gravitons, a future theory must be non-local in this sense to describe gravitons running from inﬁnity. The Le Sage’s idea to describe gravity as caused
by running ab extra particles was criticized by the great physicist Richard
Feynman in his public lectures at Cornell University [33], but the Pioneer 10
anomaly [1], perhaps, is a good contra argument pro this idea.
The described quantum mechanism of classical gravity is obviously asymmetric relative to the time inversion. By the time inversion, single gravitons
would run against bodies to form pairs after collisions with bodies. It would
lead to replacing a body attraction with a repulsion. But such the change
will do impossible the graviton pairing.
A future theory dealing with gravitons as usual particles should have a
number of features which are not characterizing any existing model to image
the considered here features of the possible quantum mechanism of gravity.
If this mechanism is realized in the nature, both the general relativity and
quantum mechanics should be modiﬁed. Any divergencies, perhaps, would
be not possible in such the model because of natural smooth cut-oﬀs of the
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graviton spectrum from both sides. Gravity at short distances, which are
much bigger than the Planck length, needs to be described only in some
uniﬁed manner.
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Chapter 7
Low-energy quantum gravity
1

If gravitons are super-strong interacting particles and the low-temperature
graviton background exists, the basic cosmological conjecture about the Dopplerian nature of redshifts may be false. In this case, a full magnitude of cosmological redshift would be caused by interactions of photons with gravitons.
Non-forehead collisions with gravitons will lead to a very speciﬁc additional
relaxation of any photonic ﬂux. It gives a possibility of another interpretation
of supernovae 1a data - without any kinematics. These facts may implicate
a necessity to change the standard cosmological paradigm.
A quantum mechanism of classical gravity based on an existence of this
sea of gravitons is described for the Newtonian limit. This mechanism needs
graviton pairing and ”an atomic structure” of matter for working it, and leads
to the time asymmetry. If the considered quantum mechanism of classical
gravity is realized in the nature, then an existence of black holes contradicts
to Einstein’s equivalence principle. It is shown that in this approach the two
fundamental constants - Hubble’s and Newton’s ones - should be connected
between themselves. The theoretical value of the Hubble constant is computed.
In this approach, every massive body would be decelerated due to collisions
with gravitons that may be connected with the Pioneer 10 anomaly. Some
unsolved problems are discussed, so as possibilities to verify some conjectures
in laser-based experiments.
1
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Introduction

An opinion is commonly accepted that quantum gravity should manifest itself
only on the Planck scale of energies, i.e. it is a high-energy phenomenon.
The value of the Planck energy ∼ 1019 GeV has been got from dimensional
reasonings. In this contribution, I would like to describe a very unexpected
possibility to consider gravity as a very-low-energy stochastic process. I
enumerate those discoveries and observations which may support this my
opinion.
1. In 1998, Anderson’s team reported about the discovery of anomalous
acceleration of NASA’s probes Pioneer 10/11 [1]; this eﬀect is not embedded
in a frame of the general relativity, and its magnitude is somehow equal to
∼ Hc, where H is the Hubble constant, c is the light velocity.
2. In the same 1998, two teams of astrophysicists, which were collecting
supernovae 1a data with the aim to speciﬁcate parameters of cosmological
expansion, reported about dimming remote supernovae [2, 3]; the one would
be explained on a basis of the Doppler eﬀect if at present epoch the universe
expands with acceleration. This explanation needs an introduction of some
”dark energy” which is unknown from any laboratory experiment.
3. In January 2002, Nesvizhevsky’s team reported about discovery of
quantum states of ultra-cold neutrons in the Earth’s gravitational ﬁeld [4].
Observed energies of levels (it means that and their diﬀerences too) in full
agreement with quantum-mechanical calculations turned out to be equal to ∼
10−12 eV. If transitions between these levels are accompanied with irradiation
of gravitons then energies of irradiated gravitons should have the same order
- but it is of 40 orders lesser than the Planck energy.
An alternative model of redshifts [5, 6] which is based on a conjecture
about an existence of the graviton background gives us odds to see on the
eﬀect of supernova dimming as an additional manifestation of low-energy
quantum gravity. The main results of author’s research in this approach
are described here brieﬂy (it is a short version of my summarizing paper
[7]). Starting from a statistical model of the graviton background with a low
temperature, it is shown - under the very important condition that gravitons
are super-strong interacting particles - that if a redshift would be a quantum
gravitational eﬀect then one can get from its magnitude an estimate of a new
dimensional constant characterizing a single act of interaction in this model.
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7.2

Passing photons through the graviton background [5, 8]

If the isotropic graviton background exists, then it is possible photon scattering on gravitons, if one of the gravitons is virtual. Due to forehead collisions with gravitons, an energy of any photon should decrease when it passes
through the sea of gravitons. From another side, none-forehead collisions of
photons with gravitons of the background will lead to an additional relaxation of a photon ﬂux, caused by transmission of a momentum transversal
component to some photons. It will lead to an additional dimming of any
remote objects, and may be connected with supernova dimming. We deal
here with the uniform non-expanding universe with the Euclidean space, and
there are not any cosmological kinematic eﬀects in this model. We shall take
into account that a gravitational ”charge” of a photon must be proportional
to E (it gives the factor E 2 in a cross-section) and a normalization of a photon wave function gives the factor E −1 in the cross-section. Also we assume
here that a photon average energy loss ¯ in one act of interaction is relatively
small to a photon energy E. Then average energy losses of a photon with an
energy E on a way dr will be equal to [5, 8]:
dE = −aEdr,

(7.1)

where a is a constant. If a whole redshift magnitude is caused by this eﬀect,
we must identify a = H/c, where c is the light velocity, to have the Hubble
law for small distances. The expression (1) is true if the condition ¯ << E(r)
takes place. Photons with a very small energy may lose or acquire an energy
changing their direction of propagation after scattering. Early or late such
photons should turn out in the thermodynamic equilibrium with the graviton
background, ﬂowing into their own background. Perhaps, the last one is the
cosmic microwave background.
Photon ﬂux’s average energy losses on a way dr due to non-forehead
collisions with gravitons should be proportional to badr, where b is a new
constant of the order 1. These losses are connected with a rejection of a part
of photons from a source-observer direction. We get for the factor b (see [9]):
 π/4

4
b= (
π

0

2

 π/2

2 cos θdθ +
π/4

sin2 2θdθ) =

3 2
+  2.137.
2 π

(7.2)

Both redshifts and the additional relaxation of any photonic ﬂux due to
non-forehead collisions of gravitons with photons lead in our model to the

7.2. PASSING PHOTONS THROUGH THE GRAVITON BACKGROUND89
following luminosity distance DL :
DL = a−1 ln(1 + z) · (1 + z)(1+b)/2 ≡ a−1 f1 (z),

(7.3)

where f1 (z) ≡ ln(1 + z) · (1 + z)(1+b)/2 .
To compare a form of this predicted dependence DL (z) by unknown, but
constant H, with the latest observational supernova data by Riess et al. [10],
we can use the fact that f1 is the luminosity distance in units of c/H. In
Figure 1, the graph of f1 is shown; observational data (82 points) are taken
from Table 5 of [10]. Observations of [10] are transformed as μ0 → 10(μ0 −c1 )/5
with the constant c1 = 43. The predictions ﬁt observations very well for
roughly z < 0.5. It excludes a need of any dark energy to explain supernova
dimming. Discrepancies between predicted and observed values of μ0 (z) are
obvious for higher z: we see that observations show brighter SNe that the
theory allows, and a diﬀerence increases with z. It would be explained in

Figure 7.1: Predicted values of f1 (z) (solid line) and observations (points)
from [10] transformed to a linear scale
the model as a result of speciﬁc deformation of SN spectra due to a discrete
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character of photon energy losses. Today, a theory of this eﬀect does not
exist.
In this model, the Hubble constant may be computed. Let us consider
that a full redshift magnitude is caused by an interaction with single gravitons, and σ(E, ) is a cross-section of interaction by forehead collisions of
a photon with an energy E with a graviton, having an energy . Let us
introduce a new dimensional constant D, so that for forehead collisions:
σ(E, ) = D · E · .

(7.4)

Then

1
(7.5)
D · ¯ · (σT 4 ),
2π
where ¯ is an average graviton energy. Assuming T ∼ 3K, ¯ ∼ 10−4 eV,
and H = 1.6 · 10−18 s−1 , we get the following rough estimate for D : D ∼
10−27 m2 /eV 2 , that gives us the phenomenological estimate of cross-section
by the same and equal E and ¯: σ(E, ¯) ∼ 10−35 m2 .
It follows from a universality of gravitational interaction, that not only
photons, but all other objects, moving relative to the background, should
lose their energy, too, due to such a quantum interaction with gravitons. If
a = H/c, it turns out that massive bodies must feel a constant deceleration
of the same order of magnitude as a small additional acceleration of NASA
cosmic probes (the Pioneer anomaly). We get for the body acceleration
w ≡ dv/dt by a non-zero velocity:
H=

w = −ac2 (1 − v 2 /c2 ).

(7.6)

For small velocities: w  −Hc. If the Hubble constant H is equal to 2.14 ·
10−18 s−1 (it is the theoretical estimate of H in this approach), a modulus
of the acceleration will be equal to |w| = 6.419 · 10−10 m/s2 , that has the
same order of magnitude as a value of the observed additional acceleration
(8.74 ± 1.33) · 10−10 m/s2 for NASA probes [1].

7.3

Gravity as the screening eﬀect

It was shown by the author [8, 11, 12] that screening the background of superstrong interacting gravitons creates for any pair of bodies both attraction and
repulsion forces due to pressure of gravitons. For single gravitons, these forces
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are approximately balanced, but each of them is much bigger than a force of
Newtonian attraction. If single gravitons are pairing, an attraction force due
to pressure of such graviton pairs is twice exceeding a corresponding repulsion
force if graviton pairs are destructed by collisions with a body. In such the
model, the Newton constant is connected with the Hubble constant that gives
a possibility to obtain a theoretical estimate of the last. We deal here with a
ﬂat non-expanding universe fulﬁlled with super-strong interacting gravitons;
it changes the meaning of the Hubble constant which describes magnitudes
of three small eﬀects of quantum gravity but not any expansion or an age of
the universe.

7.3.1

Pressure force of single gravitons

If masses of two bodies are m1 and m2 (and energies E1 and E2 ), σ(E1 , ) is a
cross-section of interaction of body 1 with a graviton with an energy  = h̄ω,
where ω is a graviton frequency, σ(E2 , ) is the same cross-section for body
2. Then the following attractive force will act between bodies 1 and 2 :
F1 =

 ∞
σ(E2 , <  >)
0

4πr2

· 4σ(E1 , <  >) ·

1 4f (ω, T )
·
dω.
3
c

(7.7)

If f (ω, T ) is described with the Planck formula, and n̄ ≡ 1/(exp(x) − 1) is
an average number of gravitons in a ﬂat wave with a frequency ω (on one
mode of two distinguishing with a projection of particle spin), P (n, x) is a
probability of that in a realization of ﬂat wave a number of gravitons is equal
to n, we shall have for <  > the following expression (for more details, see
[7]):
(7.8)
<  >= h̄ω(1 − P (0, x))n̄2 exp(−n̄).
A quantity <  > is another average energy of running gravitons with a
frequency ω taking into account a probability of that in a realization of ﬂat
wave a number of gravitons may be equal to zero, and that not all of gravitons
ride at a body. Then an attractive force F1 will be equal to:
4 D2 E1 E2  ∞ h̄3 ω 5
(1 − P (0, x))2 n̄5 exp(−2n̄)dω
F1 =
3 πr2 c
4π 2 c2
0
=

1 D2 c(kT )6 m1 m2
· I1 ,
·
3
π 3 h̄3 r2

(7.9)
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where I1 = 5.636 · 10−3 . When F1 ≡ G1 · m1 m2 /r2 , the constant G1 is equal
to:
1 D2 c(kT )6
· I1 .
(7.10)
G1 ≡ ·
3
π 3 h̄3
By T = 2.7 K : G1 = 1215.4 · G, that is three order greater than the Newton
constant, G.
But if single gravitons are elastically scattered with body 1, then our
reasoning may be reversed: the same portion of scattered gravitons will create


a repulsive force F1 acting on body 2 and equal to F1 = F1 . So, for bodies
which elastically scatter gravitons, screening a ﬂux of single gravitons does
not ensure Newtonian attraction. But for black holes which absorb any

particles and do not re-emit them, we will have F1 = 0. It means that such
the object would attract other bodies with a force which is proportional to
G1 but not to G, i.e. Einstein’s equivalence principle would be violated for
them. This conclusion stays in force for the case of graviton pairing, too.

7.3.2

Graviton pairing

To ensure an attractive force which is not equal to a repulsive one, particle
correlations should diﬀer for in and out ﬂux. For example, single gravitons
of running ﬂux may associate in pairs [8]. If such pairs are destructed by
collision with a body, then quantities <  > will be distinguished for running
and scattered particles. Graviton pairing may be caused with graviton’s own
gravitational attraction or gravitonic spin-spin interaction. Left an analysis
of the nature of graviton pairing for the future; let us see that gives such the
pairing.
To ﬁnd an average number of pairs n̄2 in a wave with a frequency ω for the
state of thermodynamic equilibrium, one may replace h̄ → 2h̄ by deducing
the Planck formula. Then an average number of pairs will be equal to:
n̄2 =

1
,
exp(2x) − 1

(7.11)

and an energy of one pair will be equal to 2h̄ω. It is important that graviton
pairing does not change a number of stationary waves, so as pairs nucleate
from existing gravitons. The question arises: how many diﬀerent modes,
i.e. spin projections, may graviton pairs have? We assume here that the
background of initial gravitons consists of two modes. For massless transverse bosons, it takes place as by spin 1 as by spin 2. If graviton pairs have
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maximum spin 2, then single gravitons should have spin 1. But from such
particles one may constitute four combinations: ↑↑, ↓↓ (with total spin 2),
and ↑↓, ↓↑ (with total spin 0). All these four combinations will be equiprobable if spin projections ↑ and ↓ are equiprobable in a ﬂat wave (without taking
into account a probable spin-spin interaction).
But it follows from the energy conservation law that composite gravitons
should be distributed only in two modes. So as
n̄2
= 1/2,
x→0 n̄
lim

(7.12)

then by x → 0 we have 2n̄2 = n̄, i.e. all of gravitons are pairing by low
frequencies. An average energy on every mode of pairing gravitons is equal
to 2h̄ωn̄2 , the one on every mode of single gravitons - to h̄ωn̄. These energies
are equal by x → 0, because of that, the numbers of modes are equal, too,
if the background is in the thermodynamic equilibrium with surrounding
bodies. The above reasoning does not allow to choose a spin value 2 or 0 for
composite gravitons. A choice of namely spin 2 would ensure the following
proposition: all of gravitons in one realization of ﬂat wave have the same
spin projections. From another side, a spin-spin interaction would cause it.
The spectrum of composite gravitons is also the Planckian one, but with
a smaller temperature T2 ≡ (1/8)1/4 T = 0.5946 T.
It is important that the graviton pairing eﬀect does not change computed
values of the Hubble constant and of anomalous deceleration of massive bodies: twice decreasing of a sub-system particle number due to the pairing eﬀect
is compensated with twice increasing the cross-section of interaction of a photon or any body with such the composite gravitons. Non-pairing gravitons
with spin 1 give also its contribution in values of redshifts, an additional relaxation of light intensity due to non-forehead collisions with gravitons, and
anomalous deceleration of massive bodies moving relative to the background.

7.3.3

Computation of the Newton constant, and a connection between the two fundamental constants,
G and H

If running graviton pairs ensure for two bodies an attractive force F2 , then
a repulsive force due to re-emission of gravitons of a pair alone will be equal

to F2 = F2 /2. It follows from that the cross-section for single additional
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scattered gravitons of destructed pairs will be twice smaller than for pairs
themselves (the leading factor 2h̄ω for pairs should be replaced with h̄ω
for single gravitons). For pairs, we introduce here the cross-section σ(E2 , <
2 >), where < 2 > is an average pair energy with taking into account a
probability of that in a realization of ﬂat wave a number of graviton pairs may
be equal to zero, and that not all of graviton pairs ride at a body (< 2 > is
an analog of <  >). Replacing n̄ → n̄2 , h̄ω → 2h̄ω, and P (n, x) → P (n, 2x),
where P (0, 2x) = exp(−n̄2 ), we get for graviton pairs:
< 2 >∼ 2h̄ω(1 − P (0, 2x))n̄22 exp(−n̄2 ).

(7.13)

This expression does not take into account only that beside pairs there may be
single gravitons in a realization of ﬂat wave. To reject cases when, instead of a
pair, a single graviton runs against a body (a contribution of such gravitons in
attraction and repulsion is the same), we add the factor P (0, x) into < 2 >:
< 2 >= 2h̄ω(1 − P (0, 2x))n̄22 exp(−n̄2 ) · P (0, x).

(7.14)

Then a force of attraction of two bodies due to pressure of graviton pairs,
F2 , - in the full analogy with (19) - will be equal to2 :
F2 =

 ∞
σ(E2 , < 2 >)
0

4πr2

· 4σ(E1 , < 2 >) ·

1 4f2 (2ω, T )
·
dω =
3
c

(7.15)

8 D2 c(kT )6 m1 m2
· I2 ,
·
3
π 3 h̄3 r2
where I2 = 2.3184 · 10−6 . The diﬀerence F between attractive and repulsive
forces will be equal to:
m1 m2
1

F ≡ F2 − F2 = F2 ≡ G2 2 ,
2
r

(7.16)

where the constant G2 is equal to:
G2 ≡

4 D2 c(kT )6
· I2 .
·
3
π 3 h̄3

(7.17)

Both G1 and G2 are proportional to T 6 (and H ∼ T 5 , so as ¯ ∼ T ).
2

In initial version of this paper, factor 2 was lost in√the right part of Eq. (15), and the
theoretical values of D and H were overestimated of 2 times
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If one assumes that G2 = G, then it follows from (17) that by T = 2.7K
the constant D should have the value: D = 0.795 · 10−27 m2 /eV 2 .
We can use (5) and (17) to establish a connection between the two fundamental constants, G and H, under the condition that G2 = G. We have
for D :
2πH
2π 5 H
D=
=
;
(7.18)
¯σT 4
15kσT 5 I4
then
G = G2 =

4 D2 c(kT )6
64π 5 H 2 c3 I2
·
·
·
I
=
.
2
3
45
σT 4 I42
π 3 h̄3

(7.19)

So as the value of G is known much better than the value of H, let us express
H via G :
45 σT 4 I42 1/2
) = 2.14 · 10−18 s−1 ,
(7.20)
H = (G
5
3
64π c I2
or in the units which are more familiar for many of us: H = 66.875 km · s−1 ·
M pc−1 .
This value of H is in the good accordance with the majority of present
astrophysical estimations [2, 13, 14] (for example, the estimate (72 ± 8)
km/s/Mpc has been got from SN1a cosmological distance determinations
in [14]), but it is lesser than some of them [15] and than it follows from the
observed value of anomalous acceleration of Pioneer 10 [1].

7.3.4

Restrictions on a geometrical language in gravity

The described quantum mechanism of classical gravity gives Newton’s law
with the constant G2 value (17) and the connection (19) for the constants
G2 and H. We have obtained the rational value of H (20) by G2 = G, if the
condition of big distances is fulﬁlled:
σ(E2 , <  >)  4πr2 .

(7.21)

Because it is known from experience that for big bodies of the solar system,
Newton’s law is a very good approximation, one would expect that this condition is fulﬁlled, for example, for the pair Sun-Earth. But assuming r = 1 AU
and E2 = m c2 , we obtain assuming for rough estimation <  >→ ¯ :
σ(E2 , <  >)
∼ 4 · 1012 .
2
4πr
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It means that in the case of interaction of gravitons or graviton pairs with
the Sun in the aggregate, the considered quantum mechanism of classical
gravity could not lead to Newton’s law as a good approximation. This ”contradiction” with experience is eliminated if one assumes that gravitons interact with ”small particles” of matter - for example, with atoms. If the
Sun contains of N atoms, then σ(E2 , <  >) = N σ(Ea , <  >), where Ea
is an average energy of one atom. For rough estimation we assume here
that Ea = Ep , where Ep is a proton rest energy; then it is N ∼ 1057 , i.e.
σ(Ea , <  >)/4πr2 ∼ 10−45  1.
This necessity of ”atomic structure” of matter for working the described
quantum mechanism is natural relative to usual bodies. But would one expect that black holes have a similar structure? If any radiation cannot be
emitted with a black hole, a black hole should interact with gravitons as an
aggregated object, i.e. this condition for a black hole of sun mass has not
been fulﬁlled even at distances ∼ 106 AU.
For bodies without an atomic structure, the allowances, which are proportional to D3 /r4 and are caused by decreasing a gravitonic ﬂux due to the
screening eﬀect, will have a factor m21 m2 or m1 m22 . These allowances break
the equivalence principle for such the bodies.
For bodies with an atomic structure, a force of interaction is added up
from small forces of interaction of their ”atoms”:
F ∼ N1 N2 m2a /r2 = m1 m2 /r2 ,
where N1 and N2 are numbers of atoms for bodies 1 and 2. The allowances
to full forces due to the screening eﬀect will be proportional to the quantity: N1 N2 m3a /r4 , which can be expressed via the full masses of bodies as
m21 m2 /r4 N1 or m1 m22 /r4 N2 . By big numbers N1 and N2 the allowances will
be small. The allowance to the force F, acting on body 2, will be equal to:
1 4f2 (2ω, T )
1  ∞ σ 2 (E2 , < 2 >)
· 4σ(E1 , < 2 >) · ·
dω
ΔF =
2
2
2N2 0
(4πr )
3
c

(7.22)

2
D3 c3 (kT )7 m1 m22
·
· I3 ,
3N2
π 4 h̄3 r4
(for body 1 we shall have the similar expression if replace N2 → N1 , m1 m22 →
m21 m2 ), where I3 = 1.0988 · 10−7 .
Let us ﬁnd the ratio:
ΔF
DE2 kT I3
· .
(7.23)
=
F
N2 2πr2 I2
=
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Using this formula, we can ﬁnd by E2 = E , r = 1 AU :
ΔF
∼ 10−46 .
F

(7.24)

An analogical allowance to the force F1 has by the same conditions the
order ∼ 10−48 F1 , or ∼ 10−45 F. One can replace Ep with a rest energy of very
big atom - the geometrical approach will left a very good language to describe the solar system. We see that for bodies with an atomic structure the
considered mechanism leads to very small deviations from Einstein’s equivalence principle, if the condition of big distances is fulﬁlled for microparticles,
which prompt interact with gravitons.
For small distances we shall have:
σ(E2 , <  >) ∼ 4πr2 .

(7.25)

It takes place by Ea = Ep , <  >∼ 10−3 eV for r ∼ 10−11 m. This quantity is
many orders larger than the Planck length. The equivalence principle should
be broken at such distances.

7.4

Some cosmological consequences of the
model

If the described model of redshifts is true, what is a picture of the universe?
It is interesting that in a frame of this model, every observer has two own
spheres of observability in the universe (two diﬀerent cosmological horizons
exist for any observer) [16, 17]. One of them is deﬁned by maximum existing
temperatures of remote sources - by big enough distances, all of them will
be masked with the CMB radiation. Another, and much smaller, sphere
depends on their maximum luminosity - the luminosity distance increases
with a redshift much quickly than the geometrical one. The ratio of the
luminosity distance to the geometrical one is the quickly increasing function
of z : DL (z)/r(z) = (1 + z)(1+b)/2 , which does not depend on the Hubble
constant. An outer part of the universe will drown in a darkness. We can
assume that the graviton background and the cosmic microwave one are in
a state of thermodynamical equilibrium, and have the same temperatures.
CMB itself may arise as a result of cooling any light radiation up to reaching
this equilibrium. Then it needs z ∼ 1000 to get through the very edge of
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our cosmic ”ecumene”. Some other possible cosmological consequences of an
existence of the graviton background were described in [18, 8].
The graviton background may turn up ”a perpetual engine” of the universe, pumping energy from any radiation to massive objects. An equilibrium
state of the background will be ensured by such a temperature T, for which
an energy proﬁt of the background due to an inﬂux of energy from radiation will be equal to a loss of its energy due to a catch of virtual massive
gravitons with ”black holes” or other massive objects. In such the picture,
the chances are that ”black holes” would turn out ”germs” of galaxies. After
accumulation of a big enough energy by a ”black hole” (to be more exact,
by a super-compact massive object) by means of a catch of virtual massive
gravitons, the one would be absolved from an energy excess in via ejection of
matter, from which stars of galaxy should form. It awaits to understand else
in such the approach how usual matter particles form from virtual massive
gravitons.
There is a very interesting but non-researched possibility: due to relative
decreasing of an intensity of graviton pair ﬂux in an internal area of galaxies
(pairs are destructed under collisions with matter particles), the eﬀective
Newton constant may turn out to be running on galactic scales. It might
lead to something like to the modiﬁed Newtonian dynamics (MOND) by
Mordehai Milgrom (about MOND, for example, see [19]). But to evaluate
this eﬀect, one should take into account a relaxation process for pairs, about
which we know nothing today. It is obvious only that gravity should be
stronger on a galactic periphery. The renormalization group approach to
gravity leads to modiﬁcations of the theory of general relativity on galactic
scales [20, 21], and a growth of Newton’s constant at large distances takes
place, too. Kepler’s third law receives quantum corrections that may explain
the ﬂat rotation curves of the galaxies.

7.5

How to verify the main conjecture of this
approach in a laser experiment on the
Earth

I would like to show here (see [22, 7]) a full realizability at present time
of verifying my basic conjecture about the quantum gravitational nature of
redshifts in a ground-based laser experiment. Of course, many details of this
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precision experiment will be in full authority of experimentalists.
It was not clear in 1995 how big is a temperature of the graviton background, and my proposal [23] to verify the conjecture about the described
local quantum character of redshifts turned out to be very rigid: a laser with
instability of ∼ 10−17 hasn’t appeared after 10 years. But if T = 2.7K, the
satellite of main laser line of frequency ν after passing the delay line will be
red-shifted at ∼ 10−3 eV/h and its position will be ﬁxed (see Fig. 2). It
will be caused by the fact that on a very small way in the delay line only a

Figure 7.2: The main line and the expected red-shifted satellite line of a
stable laser radiation spectrum after a delay line. Satellite’s position should
be ﬁxed near ν − ¯/h, and its intensity should linear rise with a path of
photons in a delay line, l. A center-of-mass of both lines is expected to be
approximately near ν − zν.
small part of photons may collide with gravitons of the background. The rest
of them will have unchanged energies. The center-of-mass of laser radiation
spectrum should be shifted proportionally to a photon path. Then due to
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the quantum nature of shifting process, the ratio of satellite’s intensity to
main line’s intensity should have the order: ∼ hν¯ Hc l, where l is a path of
laser photons in a vacuum tube of delay line. It gives us a possibility to plan
a laser-based experiment to verify the basic conjecture of this approach with
much softer demands to the equipment. An instability of a laser of a power
P must be only  10−3 if a photon energy is of ∼ 1 eV . It will be necessary
to compare intensities of the red-shifted satellite at the very beginning of
the path l and after it. Given a very low signal-to-noise ratio, one could use
a single photon counter to measure the intensities. When q is a quantum
output of a cathode of the used photomultiplier (a number of photoelectrons
is q times smaller than a number of photons falling to the cathode), Nn is
a frequency of its noise pulses, and n is a desired ratio of a signal to noise’s
standard deviation, then an evaluated time duration t of data acquisition
would have the order:
¯2 c2 n2 Nn
(7.26)
t = 2 2 2 2.
H q P l
Assuming n = 10, Nn = 103 s−1 , q = 0.3, P = 100 mW, l = 100 m, we
would have the estimate: t = 200, 000 years, that is unacceptable. But given
P = 300 W , we get: t ∼ 8 days, that is acceptable for the experiment of
such the potential importance. Of course, one will rather choose a bigger
value of l by a small laser power forcing a laser beam to whipsaw many times
between mirrors in a delay line - it is a challenge for experimentalists.

7.6

Gravity in a frame of non-linear and nonlocal QED? - the question only to the Nature

From thermodynamic reasons, it is assumed here that the graviton background has the same temperature as the microwave background. Also it follows from the condition of detail equilibrium, that both backgrounds should
have the Planckian spectra. Composite gravitons will have spin 2, if single
gravitons have the same spin as photons. The question arise, of course: how
are gravitons and photons connected? Has the conjecture by Adler et al.
[24, 25] (that a graviton with spin 2 is composed with two photons) chances
to be true? Intuitive demur calls forth a huge self-action, photons should be
endued with which if one uniﬁes the main conjecture of this approach with
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the one by Adler et al. - but one may get a uniﬁed theory on this way.
To verify this combined conjecture in experiment, one would search for
transitions in interstellar gas molecules caused by the microwave background,
with an angular momentum change corresponding to absorption of spin 2 particles (photon pairs). A frequency of such the transitions should correspond
to an equivalent temperature of the sub-system of these composite particles
T2 = 0.5946 T, if T is a temperature of the microwave background.
From another side, one might check this conjecture in a laser experiment,
too (see [26, 7]). Taking two lasers with photon energies hν1 and hν2 , one
may force laser beams to collide on a way L (see Fig. 3). If photons are selfinteracting particles, we might wait that photons with energies hν1 − hν2 , if
hν1 > hν2 , would arise after collisions of initial photons. If we assume (only

Figure 7.3: The scheme of laser beam passes. Two laser beams 1 and 2 collide
into the area with a length L. An expected beam of photons with energies
hν1 − hν2 falls to a photoreceiver.
here) that single gravitons are identical to photons, it will be necessary to
take into account the following circumstances to calculate an analog of the
Hubble constant for this experiment: an average graviton energy should be
replaced with hν2 , the factor 1/2π in (5) should be replaced with 1/ϕ, where
ϕ is a divergence of laser beam 2, and one must use a quantity P/S instead
of σT 4 in (5), where P is a laser 2 power and S is a cross-section of its beam.
Together all it means that we should replace the Hubble constant with its
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analog for a laser beam collision, Hlaser :
H → Hlaser =

1
P
· D · hν2 · .
ϕ
S

(7.27)

Taken ϕ = 10−4 , hν2 ∼ 1 eV , P ∼ 10 mW , and P/S ∼ 103 W/m2 , that is
characterizing a He-Ne laser, we get the estimate: Hlaser ∼ 0.06 s−1 . Then
photons with energies hν1 −hν2 would fall to a photoreceiver with a frequency
· L), and it would
which should linearly rise with L (proportionally to Hlaser
c
be of 107 s−1 if both lasers have equal powers ∼ 10 mW , and L ∼ 1 m. It is
a big enough frequency to give us a possibility to detect easy a ﬂux of these
expected photons in IR band.
If this tentative non-linear vacuum eﬀect exists, it would lead us far
beyond standard quantum electrodynamics to take into account new nonlinearities (which are not connected with the electron-positron pair creation)
and an essential impact of such a non-locally born object as the graviton
background.

7.7

Conclusion

It follows from the above consideration that the geometrical description of
gravity should be a good idealization for any pair of bodies at a big distance
by the condition of an ”atomic structure” of matter. This condition cannot be accepted only for black holes which must interact with gravitons as
aggregated objects. In addition, the equivalence principle is roughly broken
for black holes, if the described quantum mechanism of classical gravity is
realized in the nature. Because attracting bodies are not initial sources of
gravitons, a future theory must be non-local in this sense to describe gravitons running from inﬁnity. The described quantum mechanism of classical
gravity is obviously asymmetric relative to the time inversion. By the time
inversion, single gravitons would run against bodies to form pairs after collisions with bodies. It would lead to replacing a body attraction with a
repulsion. But such the change will do impossible the graviton pairing. Cosmological models with the inversion of the time arrow were considered by
Sakharov [27]. Penrose has noted that a hidden physical law may determine
the time arrow direction [28]; it will be very interesting if namely realization
in the nature of Newton’s law determines this direction.
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A future theory dealing with gravitons as usual particles should have a
number of features which are not characterizing any existing model to image
the considered here features of the possible quantum mechanism of gravity.
If this mechanism is realized in the nature, both the general relativity and
quantum mechanics should be modiﬁed. Any divergencies, perhaps, would
be not possible in such the model because of natural smooth cut-oﬀs of the
graviton spectrum from both sides. Gravity at short distances, which are
much bigger than the Planck length, needs to be described only in some
uniﬁed manner.
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Chapter 8
Galaxy number counts in a
presence of the graviton
background
1

In the model of low-energy quantum gravity by the author, cosmological
redshifts are caused by interactions of photons with gravitons. Non-forehead
collisions with gravitons will lead to an additional relaxation of any photonic
ﬂux. Using only the luminosity distance and a geometrical one as functions
of a redshift in this model, theoretical predictions for galaxy number counts
are considered here. The Schechter luminosity function with α = −2.43 is
used. The considered model provides a good ﬁt to galaxy observations by Yasuda et al. (AJ, 122 (2001) 1104) if the same K-corrections are added. It is
shown that observations of N (z) for diﬀerent magnitudes m are a lot more
informative than the ones of N (m).
PACS: 98.80.-k Cosmology; 98.80.Es Observational cosmology; 04.60.m Quantum gravity; 98.62.Py Distances, redshifts, radial velocities; spatial
distribution of galaxies

1
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Introduction

The standard cosmological model explains observations only under the circumstance that almost all matter and energy of the Universe are hidden
in some unknown dark forms. In my model of low-energy quantum gravity
based on the idea of an existence of the background of super-strong interacting gravitons (for more details, see [1]), a cosmological redshift is caused by
interactions of photons with gravitons. Non-forehead collisions with gravitons lead to a very speciﬁc additional relaxation of any photonic ﬂux that
gives a possibility of another interpretation of supernovae 1a data - without
any kinematics or dark energy [1]. I would like to summarize here the main
cosmologically essential consequences of this model. Average energy losses of
a photon with an energy E on a way dr through the graviton background will
be equal to: dE = −aEdr, where a = H/c, H is the Hubble constant. If we
introduce a new dimensional constant D, so that: σ(E, ) = D·E ·, σ(E, ) is
a cross-section of interaction by forehead collisions of a photon with an energy
E and a graviton with an energy , then we can compute the Hubble constant
in this approach: H = (1/2π)D · ¯ · (σT 4 ), where ¯ is an average graviton energy, and T is a temperature of the background. The constant D should have
the value: D = 0.795 · 10−27 m2 /eV 2 ; the one may be found from the Newtonian limit of gravity. If r is a geometrical distance from a source, then we
have for r(z), z is a redshift: r(z) = ln(1 + z)/a. None-forehead collisions of
photons with gravitons of the background will lead to a scatter of photons and
to an additional relaxation of a photonic ﬂux, so that the luminosity distance
DL is equal in this approach to: DL = a−1 ln(1 + z) · (1 + z)(1+b)/2 ≡ a−1 f1 (z),
where f1 (z) ≡ ln(1 + z) · (1 + z)(1+b)/2 is the luminosity distance in units
of c/H. This luminosity distance function ﬁts supernova observations very
well for roughly z < 0.5. It excludes a need of any dark energy to explain
supernovae dimming.

In this paper, I consider galaxy number counts/redshift and counts/magnitude
relations on a basis of this model. I assume here that a space is ﬂat and the
Universe is not expanding.
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The galaxy number counts-redshift relation

Total galaxy number counts dN (r) for a volume element dV = dΩr2 dr is
equal to: dN (r) = ng dV = ng dΩr2 dr, where ng is a galaxy number density
(it is constant in the no-evolution scenario), dΩ is a solid angle element.
Using the function r(z) of this model, we can re-write galaxy number counts
as a function of a redshift z:
ln2 (1 + z)
dz.
(8.1)
dN (z) = ng dΩ(H/c)−3
1+z
Let us introduce a function (see [2])
f2 (z) ≡

(H/c)3 dN (z)
;
ng dΩz 2 dz

then we have for it in this model:
f2 (z) =

ln2 (1 + z)
.
z 2 (1 + z)

(8.2)

A graph of this function is shown in Fig. 1; the typical error bar and data
point are added here from paper by Loh and Spillar [3] . There is not a
visible contradiction with observations. There is not any free parameter in
the model to ﬁt this curve; it is a very rigid case.
It is impossible to count a total galaxy number for big redshifts so as very
faint galaxies are not observable. For objects with a ﬁxed luminosity, it is
easy to ﬁnd how their magnitude m changes with a redshift. So as dm(z)
under a constant
luminosity is equal to: dm(z) = 5d(lgDL (z)), we have for
 z2
Δm(z1 , z2 ) ≡ z1 dm(z) :
Δm(z1 , z2 ) = 5lg(f1 (z2 )/f1 (z1 )).

(8.3)

This function is shown in Fig.2 for z1 = 0.001; 0.01; 0.1.
I would like to note that a very fast initial growth of the luminosity
distance with a redshift z in this model might explain the observed excess
of faint blue galaxy number counts above an expected one in the standard
model (for example, see [4] ). A galaxy color depends on a redshift, and a
galaxy dimming depends on the luminosity distance, because by big values of
the ratio Δm(z1 , z2 )/(z2 − z1 ) in a region of small redshifts and by a further
much slower change of it (see Fig.3) an observer will see many faint but blue
enough galaxies in this region (in the no-evolution scenario).
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Figure 8.1: Number counts f2 as a function of the redshift in this model. The
typical error bar and data point are taken from paper by Loh and Spillar [3].

8.3

Taking into account the galaxy luminosity function

Galaxies
have diﬀerent luminosities L, and we can write ng as an integral:

ng = dng (L), where dng (L) = η(L)dL, η(L) is the galaxy luminosity function. I shall use here the Schechter luminosity function [5]:
η(L)dL = φ∗ (

L α
L
L
) exp(− )d( )
L∗
L∗
L∗

(8.4)

with the parameters φ∗ , L∗ , α.2 So as we have by a deﬁnition of the luminosity
distance DL (z) that a light ﬂux I is equal to: I = 4πDL2 (z) , and a visible
L

2

To turn aside the problem with divergencies of this function by small L for negative
values of α, all computations are performed here for z > 0.001.
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Figure 8.2: Magnitude changes Δm as a function of the redshift diﬀerence
z2 − z1 in this model for z1 = 0.001 (solid); 0.01 (dot); 0.1 (dash).
magnitude m of an object is m = −2.5 lg I + C, where C is a constant, then
m is equal to:
(8.5)
m = −2.5 lg I + 5 lg DL (z) + (C − 4π).
We can write for L :
L=A·

DL2 (z)
,
κm

(8.6)

where κ = 100.4 , A = const. For a thin layer with z = const we have:
dL =
where

∂L
· dm,
∂m

D2 (z)
∂L
= −mκ · A Lm = −mκL.
∂m
κ

(8.7)
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Figure 8.3: To a possible explanation of the excess of faint blue galaxy number counts: Δm(z1 , z2 )/(z2 − z1 ) vs. the redshift diﬀerence z2 − z1 in this
model for z1 = 0.001 (solid); 0.01 (dot); 0.1 (dash).
Then
dng (m, z) = −(φ∗ κ) · lα (m, z) exp(−l(m, z)) · (m · l(m, z))dm,

(8.8)

where (−dm) corresponds to decreasing m by growing L when z = const,
and
L(m, z)
.
l(m, z) ≡
L∗
Let us introduce a function f3 (m, z) with a diﬀerential
df3 (m, z) ≡

dN (m, z)
dΩ(−dm).

We have for this diﬀerential in the model:
φ∗ κ
ln2 (1 + z)
df3 (m, z) = ( 3 ) · m · lα+1 (m, z) · exp(−l(m, z)) ·
dz,
a
(1 + z)

(8.9)

(8.10)
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where a = H/c, H is the Hubble constant. An integral on z gives the galaxy
number counts/magnitude relation:
f3 (m) = (

 zmax
φ∗ κ
ln2 (1 + z)
α+1
dz; (8.11)
)
·
m
·
l
(m,
z)
·
exp(−l(m,
z))
·
a3
(1 + z)
0

I use here an upper limit zmax = 10. To compare this function with observations by Yasuda et al. [6], let us choose the normalizing factor from the
condition: f3 (16) = a(16), where
a(m) ≡ Aλ · 100.6(m−16)

(8.12)

is the function assuming ”Euclidean” geometry and giving the best ﬁt to
observations [6], Aλ = const depends on the spectral band. In this case, we
have two free parameters - α and L∗ - to ﬁt observations, and the latter one
is connected with a constant A1 ≡ a2AL∗ if
l(m, z) = A1

f12 (z)
.
κm

If we use the magnitude scale in which m = 0 for Vega then C =
2.5 lg IV ega , and we get for A1 by H = 2.14 · 10−18 s−1 (it is a theoretical
estimate of H in this model [1]):
A1  5 · 1017 ·

L
,
L∗

(8.13)

where L is the Sun luminosity; the following values are used: LV ega = 50L ,
the distance to Vega rV ega = 26 LY.
Without the factor m, the function f3 (m) by exp(−l(m, z) → 1 would be
close to a(m) by α = −2.5. Matching values of α shows that f3 (m) is the
closest to a(m) in the range 10 < m < 20 by α = −2.43. The ratio f3 (m)−a(m)
a(m)
is shown in Fig.4 for diﬀerent values of A1 by this value of α. All such the
curves conﬂow by A1 ≤ 102 (or 5 · 1015 < L∗ ), i.e. observations of the galaxy
number counts/magnitude relation are non-sensitive to A1 in this range. For
fainter magnitudes 20 < m < 30, the behavior of all curves is identical: they
go below of the ratio value 1 with the same slope. If we compare this ﬁgure
with Figs. 6,10,12 from [6], we see that the considered model provides a noworse ﬁt to observations than the function a(m) if the same K-corrections
are added (I think that even a better one if one takes into account positions
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Figure 8.4: The relative diﬀerence (f3 (m) − a(m))/a(m) as a function of the
magnitude m for α = −2.43 by 10−2 < A1 < 102 (solid), A1 = 104 (dash),
A1 = 105 (dot), A1 = 106 (dadot).
of observational points in Figs. 6,10,12 from [6] by m < 16 and m > 16) for
the range 102 < A1 < 107 that corresponds to 5 · 1015 > L∗ > 5 · 1010 .
Observations of N (z) for diﬀerent magnitudes are a lot more informative.
If we deﬁne a function f4 (m, z) as
f4 (m, z) ≡ (

a3
df3 (m, z)
)·
,
φ∗ κ
dz

(8.14)

this function is equal in the model to:
f4 (m, z) = m · lα+1 (m, z) · exp(−l(m, z)) ·

ln2 (1 + z)
.
(1 + z)

(8.15)

Galaxy number counts in the range m1 < m < m2 are proportional to
the function:
 m2
f4 (m, z)dm =
(8.16)
f5 (m1 , m2 ) ≡
m1

=

 m2
m1

m · lα+1 (m, z) · exp(−l(m, z)) ·

ln2 (1 + z)
dm.
(1 + z)

Graphs of both f4 (m, z) and f5 (m1 , m2 ) are shown in Fig. 5 by α =
−2.43, A1 = 105 ; they are very similar between themselves. We see that
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Figure 8.5: Number counts f4 (m, z) (dot) and f5 (m1 , m2 ) (solid) (logarithmic
scale) as a function of the redshift by A1 = 105 for α = −2.43, m1 = 10 and
diﬀerent values of m = m2 : 15, 20, 25, 30; m = 10 (only f4 (m, z)).
even the observational fact that a number of visible galaxies by z ∼ 10 is
very small allows us to restrict a value of the parameter A1 much stronger
than observations of N (m).

8.4

Quasar number counts

For quasars, we can attempt to compute the galaxy number counts/redshift
relation using Eq. 16 with another luminosity function η  (l(m, z)):
 m2

 m2

ln2 (1 + z)
f4 (m, z)dm =
m · l(m, z) · η (l(m, z)) ·
dz.
f5 (m1 , m2 ) ≡
(1 + z)
m1
m1
(8.17)
The following luminosity functions were probed here (see Fig. 6): the
Schechter one with α = 0, A1 = 106.55 (3’, 3); the double power law [7],
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[8]:
η  (l(m, z)) ∝

1
l−α (m, z) + l−β (m, z)

(8.18)

with α = −3.9, β = 1.6, A1 = 4.5 · 106 (2’, 2); the Gaussian one:
η  (l(m, z)) ∝ exp(

−(l(m, z) − 1)2
)
2σ 2

(8.19)

with σ = 0.5, A1 = 4.5 · 106 (1’, 1 dot); the combined one:
η  (l(m, z)) ∝ lα (m, z) · exp(

−(l(m, z) − 1)2
)
2σ 2

(8.20)

with two sets of parameters: α = −1.45, σ = 0.6, A1 = 1.3 · 106 (4’, 4 solid)
and α = −1.4, σ = 0.7, A1 = 3 · 106 (5’, 5 dot). There are a couple of curves
for each case: the left-shifted curve of any couple (1’ - 5’) corresponds to the
range 16 < m < 18.25, another one (1 - 5) corresponds to 18.25 < m < 20.85.
These ranges are chosen the same as in the paper by Croom et al. [7], and you
may compare this ﬁgure with Fig. 3 in [7]. We can see that the theoretical
distributions reﬂect only some features of the observed ones but not an entire
picture. In all these cases, a slope of an analog of log(f3 (m)) near m = 18 is
in the range 0.29 - 0.325, when quasar observations give a larger slope (see
Fig. 4, 21 in [7] and Fig. 13 in [8]; in the latter paper, this slope has been
evaluated to be equal to about 1). We can summarize that, as well as in the
standard cosmological model, it is impossible to ﬁt quasar observations using
some simple luminosity function with ﬁxed parameters.
In the standard model, an easy way exists to turn aside this diﬃculty: one
ascribes it to a quasar ”evolution”, then a luminosity function (for example,
the double power law [7], [8]) is modiﬁed for diﬀerent redshifts to take into
account this ”evolution”. There exist two manner to do it: one may consider
L∗ as a function of a redshift (pure luminosity evolution) [7] or one may
assume that indices α and β of the distribution (double power law) vary
with z [8] - in both variants, it is possible to ﬁt observations in some range of
redshifts; of course, there are many other descriptions of the ”evolution” [9].
It is strange only that ”evolutions” are not concerted: we can see exponential,
quadratic and other kinds of them - and it means that there is not any real
evolution: we deal with a pure ﬁne art of ﬁtting, nothing more. In the
considered model, this way is forbidden.
I think that it is necessary to consider some theoretical model of a quasar
activity to get a distribution of ”instantaneous” luminosities. It is known
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Figure 8.6: QSO number counts f5 (m, z) (arbitrary units) as a function of the
redshift for diﬀerent luminosity functions: Gaussian (1’, 1 dot), the double
power law (2’, 2), Schechter’s (3’, 3), combined (4’, 4 solid and 5’, 5 dot) with
parameters given in the text. The left-shifted curve of each couple (1’ - 5’)
corresponds to the range 16 < m < 18.25, another one (1 - 5) corresponds to
18.25 < m < 20.85.
that the typical lifetime of individual quasars is uncertain by several orders
of magnitude; a lifetime of 4·107 years may be considered as an average value
[10]. If one considers a quasar light curve L(t) (in a manner which is similar
to the one by Hopkins et al. [11]) in a parametric form, it is possible to get
the luminosity function which takes into account a probability to observe a
quasar with a given luminosity. Let us consider the two simple examples.
The simplest case is a constant luminosity L of any quasar during its lifetime
τ . If initial moments of quasar activity are distributed uniformly in time
and may be described by a frequency ν, then a probability Pobs to observe a
quasar will be equal to:
 τ

Pobs =

0

exp(−νt )d(νt ) = 1 − exp(−ντ ).

(8.21)
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For ντ  1 we have Pobs  ντ. If we further assume that τ ∝ 1/L, i.e. that
a full emitted quasar energy is constant, then a distribution of observable
luminosities is
(8.22)
η  (L) ∝ η(L) · 1/L,
where η(L) is an initial distribution of values of L.
The second example is the quasar exponential light curve:
L(t) = L0 exp(−t/τ ),

(8.23)

where τ is a lifetime, L0 is an initial luminosity. If L0 has a distribution
η(L0 ), then we get:
η  (L) ∝



η(L0 ) · [exp(tmax /τ (L0 )) − 1]−1 · (L0 /L)2−ντ (L0 ) · dL0 ,

(8.24)

where tmax is a maximum time during which one can distinguish a quasar
from a host galaxy, and τ depends on L0 in some manner. We see that even
in this simple toy example the dependence on τ is not trivial.
In a general case, it is necessary to describe both - front and back - slopes
of a quasar light curve. Together with a total emitted energy (or a peak
luminosity), we need at least three independent parameters; if we take into
account their random distributions, this number should be at least doubled.

8.5

Conclusion

Starting from a micro level and considering interactions of photons with single
gravitons, we can ﬁnd the luminosity distance and a geometrical distance in
this approach. Using only these quantities, I compute here galaxy number
counts-redshift and galaxy number counts-magnitude relations for a case of a
ﬂat non-expanding universe. It has been shown here that they are in a good
accordance with observations. It may be important as for cosmology as for
a theory of gravity.
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Chapter 9
Hubble diagrams of soft and
hard radiation sources in the
graviton background: to an
apparent contradiction between
supernova 1a and gamma-ray
burst observations
1

In the sea of super-strong interacting gravitons, non-forehead collisions
with gravitons deﬂect photons, and this deﬂection may diﬀer for soft and
hard radiations. As a result, the Hubble diagram would not be a universal
function and it will have a diﬀerent view for such sources as supernovae in
visible light and gamma-ray bursts. Observations of these two kinds are compared here with the limit cases of the Hubble diagram.
Keywords: galaxies: distances and redshifts - cosmology: observations cosmology: theory - cosmology: distance scale – gamma-ray bursts: general
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Introduction

After the remarkable observations of supernovae 1a dimming [1, 2], the standard cosmological model has been changed, and such the new terms as dark
energy and an acceleration of the expansion are now commonly known. Now
another cosmological tool - gamma-ray bursts observations - makes its debut, but there exists some contradiction with supernova observations [3]: the
Hubble diagrams for these two kinds of sources are not identical. In the
model by the author [4] based on the conjecture about an existence of the
sea of super-strong interacting gravitons, supernova observational data may
be explained without dark energy. I would like to show here that this apparent contradiction between two kinds of observations may be resolved in
my model in a very simple manner: soft and hard radiation sources may
have diﬀerent Hubble diagrams in it, and for an arbitrary set of sources, the
Hubble diagram is a multivalued function of a redshift.

9.2

Limit cases of the Hubble diagram in the
graviton background

In the standard cosmological model, the luminosity distance depends on 1)
a redshift which conditions a loss of photon energies and 2) a history of
expansion which deﬁnes how big is a surface on which photons fall. In the
model by the author [4] (there is not any expansion in it), the ﬁrst factor is
the same, but there are the two new factors: 2’) the geometrical distance r
is a non-linear function of a redshift z and 3’) non-forehead collisions with
gravitons leads to an additional relaxation of any photonic ﬂux. Namely, the
luminosity distance is
DL = a−1 ln(1 + z) · (1 + z)(1+b)/2 ,
where a = H/c, H is the Hubble constant and c is the light velocity. The
theoretical value of relaxation factor b has been found in the assumption
that in any case of a non-forehead collision of a graviton with a photon, the
latter leaves a photon ﬂux detected by a remote observer (the assumption
of a narrow beam of rays - but it is not a well-chosen name): b = 2.137. It
is obvious that this assumption should be valid for a soft radiation when a
photon deﬂection angle is big enough and collisions are rare.
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Figure 9.1: Hubble diagrams μ0 (z) with b = 2.137 (solid), b = 1 (dot) and
b = 0 (dash); supernova observational data (circles, 82 points) are taken from
Table 5 of [5], gamma-ray burst observations are taken from [6] (x, 24 points)
and from [7] (+, 12 points for z > 2.6).

It is easy to ﬁnd a value of the factor b in another marginal case - for a
very hard radiation. Due to very small ratios of graviton to photon momenta,
photon deﬂection angles will be small, but collisions will be frequent because
the cross-section of interaction is a bilinear function of graviton and photon
energies in this model. It means that in this limit case b → 0.
For an arbitrary source spectrum, a value of the factor b should be still
computed, and it will not be a simple task. It is clear that 0 ≤ b ≤ 2.137,
and in a general case it should depend on a rest-frame spectrum and on a
redshift. It is important that the Hubble diagram is a multivalued function
of a redshift: for a given z, b may have diﬀerent values.
Theoretical distance moduli μ0 (z) = 5 log DL + 25 are shown in Fig. 1
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for b = 2.137 (solid), b = 1 (dot) and b = 0 (dash). If this model is true, all
observations should lie in the stripe between lower and upper curves. For Fig.
1, supernova observational data (circles, 82 points) are taken from Table 5 of
[5], gamma-ray burst observations are taken from [6] (x, 24 points) and from
[7] (+, 12 points for z > 2.6). As it was recently shown by Cuesta et al. [3],
the Hubble diagram with b = 1 (in the language of this paper) gives the best
ﬁt to the full sets of gamma-ray burst observations of [6, 7] and it takes place
in the standard FLRW cosmology plus the strong energy condition. Twelve
observational points of [7] belong to the range z > 2.6, and one can see (Fig.
1) that these points peak up the curve with b = 0 which corresponds in this
model to the case of very hard radiation in the non-expanding Universe with
a ﬂat space. In a frame of models without expansion, any red-shifted source
may not be brighter than it is described with this curve.

Figure 9.2: The diﬀerence μc (z) − μ0 (z) for b = 1 (solid) and b = 1.1 (dot).
Very recently, Schaefer [8] has published a collection of 69 gamma-ray
burst observations where calculated distance moduli are model-dependent:

124CHAPTER 9. HUBBLE DIAGRAMS OF SOFT AND HARD RADIATION
some cosmological model is used to calculate the luminosity distance which is
used to evaluate parameters of bursts. When one compares - after it - GRB
observations with the used cosmological model constructing the Hubble diagram, one is restricted to be able to check only the self-consistency of the
initial conjecture that the chosen model is true. As it is shown in Fig. 2,
theoretical distance moduli μc (z) for a ﬂat Universe with the concordance
cosmology with ΩM = 0.27 and w = −1, which give the best ﬁt to obser-

Figure 9.3: The same as in Fig. 1 Hubble diagrams μ0 (z) with b = 2.137
(solid) and b = 0 (dash); the Hubble diagrams μ0 (z) with b = 1.1 of this
model (dot) and the one of the concordance model (dadot) which is the best
ﬁt to observations [8]; GRB observational data (+, 69 points) are taken from
Table 6 (μa ) of [8] by Schaefer.
vations [8], are very close to the Hubble diagram μ0 (z) with b = 1.1 of this
model (the diﬀerence is not bigger than ±0.2 mag in the range z ≤ 6.6).
Because of this, I would like to compare his calculated GRB distance moduli
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for a ﬂat Universe with the concordance cosmology (see Table 6 of [8]) with
theoretical predictions of the considered model in Fig. 3. We can see that
GRB observations lie in the stripe between lower and upper curves of this

Figure 9.4: The diﬀerence μc (z)−μ0 (z) for b = 1.52 (solid), b = 1.51 (dot) and
b = 1.53 (dash); μc (z) corresponds to a ﬂat Universe with the concordance
cosmology with ΩM = 0.30 and w = −1, which gives the best ﬁt to supernova
observations for small redshifts [9].
model, and the curve μ0 (z) with b = 1.1 (or with some bigger b) may replace
μc (z) with a success. But this curve is not the limit case for a very hard
radiation. Comparing GRB observational points on Fig. 1 and Fig. 3 for
the same range of z > 2.6, we see also that distance moduli of the last set
are essentially higher than the ones reported in [7] by the same author.
Improved distances to nearby type Ia supernovae (for the range z < 0.14)
can be ﬁtted with the function μc (z) for a ﬂat Universe with the concordance
cosmology with ΩM = 0.30 and w = −1 [9]. In Fig. 4, the diﬀerence
μc (z) − μ0 (z) between this function and distance moduli in the considered
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model is shown for b = 1.52 (solid), b = 1.51 (dot) and b = 1.53 (dash). For
b = 1.52, this diﬀerence has the order of ±0.001 in the considered range of
redshifts.

Figure 9.5: The diﬀerence μc (z) − μ0 (z) for b = 1.405 (solid), b = 1.400
(dot) and b = 1.410 (dash); μc (z) corresponds to a ﬂat Universe with the
concordance cosmology with ΩM = 0.27 and w = −1, which gives the best
ﬁt to supernova observations for the bigger redshift range z < 1 [10].
Results from the ESSENCE Supernova Survey together with other known
supernovae 1a observations in the bigger redshift range z < 1 can be best
ﬁtted in a frame of the concordance cosmology in which ΩM  0.27 and
w = −1 [10]; the function μc (z) for this case is almost indistinguishable
from distance moduli in the considered model for b = 1.405. In Fig. 5, the
diﬀerence μc (z) − μ0 (z) is shown for b = 1.405 (solid), b = 1.400 (dot) and
b = 1.410 (dash). For b = 1.405, this diﬀerence is not bigger than ±0.035 for
redshifts z < 1 (the same is true for slightly diﬀerent values of ΩM used in
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[10], too, but for some other values of the factor b: for ΩM = 0.274 or 0.267,
b is equal to 1.400 or 1.410 correspondingly).
The gold sample of supernovae [5] by Riess et al. has the best ﬁt with


w(z) = w0 +w z, where w0 = −1.31 and w = 1.48 (dark energy changes with
redshift); because this supernovae Hubble diagram goes below of the GRB
one [8] for z > 1, and in a frame of the considered model it is impossible,
it may be that the GRB derived distance moduli by Schaefer [8] are not
consistent now with the supernovae observations.

9.3

Conclusion

The considered multivalued character of the Hubble diagram may explain
an apparent contradiction between supernovae and GRBs observations. We
have now a very poor set of GRBs with big redshifts, and it is obvious that
errors of observations are very large. When such missions as the SWIFT
satellite observe much more GRBs at high redshifts, one can get a surprising
result: observations would lie on the curve which corresponds to the nonexpanding Universe. It would be very important to get supernova data for
higher redhifts with the help of new missions to be able to do more deﬁnitive
conclusions.
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Chapter 10
A non-universal transition to
asymptotic freedom in
low-energy quantum gravity
1

The model of low-energy quantum gravity by the author has the property
of asymptotic freedom at very short distances. The character of transition
to asymptotic freedom is studied here. It is shown that this transition is not
universal, but the one obeys the scaling rule: the range of this transition in
units of r/E 1/2 , where r is a distance between particles and E is an energy
of the screening particle, is the same for any micro-particle. This range for a
proton is between 10−11 −10−13 meter, while for an electron it is approximately
between 10−13 − 10−15 meter.

10.1

Introduction

Recently, it was shown by the author [1] that asymptotic freedom appears
at very short distances in the model of low-energy quantum gravity [2]. In
this case, the screened portion of gravitons tends to the ﬁxed value of 1/2,
that leads to the very small limit acceleration of the order of 10−13 m/s2
of any screened micro-particle. While asymptotic freedom of strong interactions [3, 4] is due to the anti-screening eﬀect of gluons, the gravitational one
1
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is caused by the external character of graviton ﬂux and the limited rise of
the screened portion at ultra short distances. In this paper, I consider how a
transition occurs from the inverse square law to almost full asymptotic freedom. The most important property of this transition is its non-universality:
for diﬀerent particles it takes place in diﬀerent distance ranges, and the order
of these ranges is terribly far from the Planck scale where one usually waits
of manifestations of quantum gravity eﬀects.

10.2

The screened portion of gravitons at very
short distances

Figure 10.1: To the computation of the screened portion of gravitons at small
distances: σ is the cross-section, S is a square of the spherical segment of a
hight h.
In the model of low-energy quantum gravity [2], the condition of big
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distances:

σ(E2 , < 2 >)  4πr2 .
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(10.1)

should be accepted to have the Newton law of gravitation. I use here the
notations of [2]: σ(E2 , < 2 >) is the cross-section of interaction of graviton
pairs with an average pair energy < 2 > with a particle having an energy

Figure 10.2: Graphs of the functions ρ(y) (solid), ρ(y)cl (dot), ϕ(y) (dash) .
E2 , r is a distance between particles 1 and 2. As it was shown in [5], the
equivalence principle should be broken at distances ∼ 10−11 m, when the
condition (1) is violated for a proton-mass particle. The ratio
σ(E2 , < 2 >)/4πr2 .

(10.2)

describes the screened portion of gravitons for a big distance r. For small r,
let us consider Fig. 1, where R = (σ(E2 , < 2 >)/π)1/2 , S is the screening
area (the square of the spherical segment of the hight h), and α is an angle
for which cot α = r/R ≡ y. Then we get for S :
S = 2πr2 (1 − y/(1 + y 2 )1/2 ),

(10.3)

and it is necessary to replace the ratio (2) by the following one:
ρ(y) ≡ S/4πr2 = (1 − y/(1 + y 2 )1/2 )/2.

(10.4)
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I rewrite (2) as ρ(y)cl ≡ 1/4y 2 , and I introduce the ratio of these functions:
ϕ(y) ≡ ρ(y)/ρ(y)cl = 2y 2 (1 − y/(1 + y 2 )1/2 ).

(10.5)

In Fig. 2, the behavior of the functions ρ(y), ρ(y)cl , ϕ(y) is shown. The
upper limit of ρ(y) by y → 0 is equal to 1/2; namely this property of the
function leads to asymptotic freedom [1].

Figure 10.3: The function R(x) for the two cases: E2 = mp c2 (the left
logarithmic vertical scale) and E2 = me c2 (the right logarithmic vertical
scale).
In this model, the cross-section σ(E2 , < 2 >) is equal to [2]:
DkT E2 2x(1 − exp(−(exp(2x) − 1)−1 ))(exp(2x) − 1)−2
,
exp((exp(2x) − 1)−1 ) exp((exp(x) − 1)−1 )
(10.6)
where T = 2.7K is the temperature of the graviton background, x ≡ h̄ω/kT ,
h̄ω is a graviton energy, the new constant D has the value: D = 0.795 ·
10−27 m2 /eV 2 . The quantity R(x) has been computed for the two cases (see
Fig. 3): E2 = mp c2 (the left vertical axis on Fig. 3) and E2 = me c2 (the
right vertical axis on Fig. 3), where mp and me are masses of a proton and
of an electron, correspondingly.
σ(E2 , < 2 >) =
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A non-universal transition to asymptotic
freedom

To ﬁnd the net force of gravitation F = F2 /2 at a small distance r, we should
replace the factor σ(E2 , < 2 >)/4πr2 in Eq. (31) of [2] with the more exact
factor S/4πr2 . Then we get:
F (r) =

4 D(kT )5 E1
· g(r),
·
3
π 2 h̄3 c3

(10.7)

where E1 is an energy of particle 1, and g(r) is the function of r:
g(r) ≡

 ∞ 4
x (1 − exp(−(exp(2x) − 1)−1 ))(exp(2x) − 1)−3
0

exp((exp(2x) − 1)−1 ) exp((exp(x) − 1)−1 )

· ρ(y)dx, (10.8)

where y = y(r, x) = r/R(x). By r → 0, this function’s limit for any E2

Figure 10.4: Graphs of the functions g(r) (solid) and gcl (r) (dot) for the case
E2 = mp c2 .
is: g(r) → I5 = 4.24656 · 10−4 [1]. Because breaking the inverse square law
is described with this new function, it will be convenient to introduce the
function gcl (r) ∝ 1/r2 which diﬀers from g(r) only with the replacement:
ρ(y) → ρcl (y). Graphs of these two functions, g(r) and gcl (r), are shown
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Figure 10.5: Diﬀerent transition to the limit value of the function g(r) by
E2 = mp c2 (solid) and by E2 = me c2 (dot).
in Fig. 4 for the case E2 = mp c2 . For comparison, graphs of the function
g(r) are shown in Fig. 5 for the following diﬀerent energies: E2 = mp c2
and E2 = me c2 . The functions have the same limit by r → 0, but the most
interesting thing is their diﬀerent transition to this limit when r decreases.
To underline this non-universal behavior, we can compute the ratio:
η(r) ≡ g(r)/gcl (r),

(10.9)

which aims to unity by big r. Graphs of this function η(r) are shown in
Fig. 6 for the same energies: E2 = mp c2 and E2 = me c2 . As we see in this
picture, the range of transition for a proton is between 10−11 − 10−13 meter,
while for an electron it is between 10−13 − 10−15 meter. So as y(r, x) =
r/R(x) ∝ r/E20.5 , it is obvious that the functions g(r/E20.5 ) and η(r/E20.5 ) are
universal for any energy E2 of a micro-particle. This scaling law means, for
example, that if deviations from the inverse square law begins for a proton at
r0 ∼ 10−11 m, then for a particle with an energy of E2x , the same deviations
appear at r0x = r0 · (E2x /mp c2 )0.5 .
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Figure 10.6: A non-universal transition to the limit value of unity of the
function η(r) by E2 = mp c2 (solid) and by E2 = me c2 (dot).

10.4

Conclusion

The considered model has the two unexpected properties: asymptotic freedom and a non-universal transition to it. As distinct from QCD, at very small
distances the attractive force of gravitation doesn’t decrease when r → 0,
instead, it remains only ﬁnite and very small - but its limit value is the maximal possible one. Perhaps, it would be better to say that gravity between
micro-particles gets a saturation at short distances in this model.
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Chapter 11
How to verify the redshift
mechanism of low-energy
quantum gravity
1

In the model of low-energy quantum gravity by the author, the redshift
mechanism is quantum and local, and it is not connected with any expansion
of the Universe. A few possibilities to verify its predictions are considered
here: the specialized ground-based laser experiment; a deceleration of massive
bodies and the Pioneer anomaly; a non-universal character of the Hubble
diagram for soft and hard radiations; galaxy/quasar number counts.

11.1

Introduction

Many people consider the discovery of dark energy to be the main ﬁnding
of present cosmology. They are sure that an existence of dark energy has
been proved with observations of new, precise, era of cosmology, and it is
necessary only to clarify what it adds up. Because of this, new cosmological
centers are created and addicted to this main goal. It seems to me that a new
scientiﬁc myth has risen in our eye; it is nice, almost commonly accepted,
with global consequences for physics, but it is really based on nothing. What
was a base for its rising? In 1998, two teams of astrophysicists reported
1
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about dimming remote SN 1a [1, 2]; the one cannot be explained in the
standard cosmological model on a basis of the Doppler eﬀect if the universe
expands with deceleration. Their conclusion that the Universe expands with
acceleration since some cosmological time served a base to endenizen dark
energy. But this conclusion is not a single possible one; if the model does
not ﬁt observations, probably, the one may simply be wrong.
If we stay on such the alternative point of view, what should namely be
doubt in the standard cosmological model? I think that it should be at ﬁrst
its main postulate: a red shift is caused with an expansion of the Universe. If
this postulate is wrong, then the whole construction of the model will wreck:
neither the Big Bang nor inﬂation, nor a temp or character of expansion
would not be interested. In the model of low-energy quantum gravity by the
author [3], the alternative redshift mechanism is quantum and local. I review
here a few possibilities to verify its predictions.

11.2

Possibilities to verify the alternative redshift mechanism

In my model [3], any massive body must experience a constant deceleration
w  −Hc, where H is the Hubble constant and c is the light velocity, of the
same order of magnitude as observed for NASA deep-space probes Pioneer
10/11 (the Pioneer anomaly) [4, 5]. This eﬀect is an analogue of cosmological
redshifts in the model. Their common nature is forehead collisions with
gravitons. If my conjecture about the quantum nature of this acceleration
is true then an observed value of the projection of the probe’s acceleration
on the sunward direction ws should depend on accelerations of the probe,
the Earth and the Sun relative to the graviton background. It would be
very important to confront the considered model with observations for small
distances when Pioneer 11 executed its planetary encounters with Jupiter
and Saturn. In this period, the projection of anomalous acceleration may
change its sign [6].
How to verify the main conjecture of this approach about the quantum
gravitational nature of redshifts in a ground-based laser experiment? If the
temperature of the background is T = 2.7K, the tiny satellite of main laser
line of frequency ν after passing the delay line will be red-shifted at ∼ 10−3
eV/h and its position will be ﬁxed [7]. It will be caused by the fact that on
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a very small way in the delay line only a small part of photons may collide
with gravitons of the background. The rest of them will have unchanged
energies. The center-of-mass of laser radiation spectrum should be shifted
proportionally to a photon path l. Then due to the quantum nature of shifting process, the ratio of satellite’s intensity to main line’s intensity should
have the order: ∼ (hν/¯)(H/c)l, where ¯ is an average graviton energy. An
instability of a laser of a power P should be only  10−3 if a photon energy
is of ∼ 1 eV . It will be necessary to compare intensities of the red-shifted
satellite at the very beginning of the path l and after it. Given a very low
signal-to-noise ratio, one could use a single photon counter to measure the
intensities. When q is a quantum output of a cathode of a used photomultiplier, Nn is a frequency of its noise pulses, and n is a desired ratio of a
signal to noise’s standard deviation, then an evaluated time duration t of
data acquisition would have the order: t = (¯2 c2 /H 2 )(n2 Nn /q 2 P 2 l2 ). Assuming n = 10, Nn = 103 s−1 , q = 0.3, P = 100 mW, l = 100 m, we would have
the estimate: t = 200, 000 years, that is unacceptable. But given P = 300 W ,
we get: t ∼ 8 days, that is acceptable for the experiment of such the potential
importance. Of course, one will rather choose a bigger value of l by a small
laser power forcing a laser beam to whipsaw many times between mirrors in
a delay line - it is a challenge for experimentalists. Maybe, it will be more
convenient to work with high-energy gamma rays to search for this eﬀect in
a manner similar to the famous Pound-Rebka experiment [8].
The luminosity distance in this model is [3]: DL = a−1 ln(1 + z) · (1 +
(1+b)/2
, where a = H/c, z is a redshift. The theoretical value of relaxation
z)
factor b has been found in the assumption that in any case of a non-forehead
collision of a graviton with a photon, the latter leaves a photon ﬂux detected
by a remote observer: b = 2.137. It is obvious that this assumption should
be valid for a soft radiation when a photon deﬂection angle is big enough
and collisions are rare. It is easy to ﬁnd a value of the factor b in another
marginal case - for a very hard radiation. Due to very small ratios of graviton
to photon momenta, photon deﬂection angles will be small, but collisions will
be frequent because the cross-section of interaction is a bilinear function of
graviton and photon energies in this model. It means that in this limit case
b → 0. For an arbitrary source spectrum, a value of the factor b should be
still computed, and it will not be a simple task. It is clear that 0 ≤ b ≤ 2.137,
and in a general case it should depend on a rest-frame spectrum and on a
redshift. It is important that the Hubble diagram is a multivalued function
of a redshift: for a given z, b may have diﬀerent values. Theoretical distance
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moduli μ0 (z) = 5 log DL + 25 are shown in Fig. 1 for b = 2.137 (solid), b = 1
(dot) and b = 0 (dash) [9]. If this model is true, all observations should
lie in the stripe between lower and upper curves. For Fig. 1, supernova

Figure 11.1: Hubble diagrams μ0 (z) with b = 2.137 (solid), b = 1 (dot) and
b = 0 (dash); supernova observational data (circles, 82 points) are taken
from Table 5 of [10], gamma-ray burst observations are taken from [11] (x,
24 points) and from [12] (+, 12 points for z > 2.6).
observational data (circles, 82 points) are taken from Table 5 of [10], gammaray burst observations are taken from [11] (x, 24 points) and from [12] (+,
12 points for z > 2.6). As it was recently shown by Cuesta et al. [13], the
Hubble diagram with b = 1 (in the language of this paper) gives the best ﬁt
to the full sets of gamma-ray burst observations of [11, 12] and it takes place
in the standard FLRW cosmology plus the strong energy condition. Twelve
observational points of [12] belong to the range z > 2.6, and one can see that
these points peak up the curve with b = 0 which corresponds in this model
to the case of very hard radiation in the non-expanding Universe with a ﬂat
space. In a frame of models without expansion, any red-shifted source may
not be brighter than it is described with this curve.
In this model,
the galaxy number counts/magnitude relation is [?]: f3 (m) =

(φ∗ κ/a3 ) · m · 0zmax lα+1 (m, z) · exp(−l(m, z)) · (ln2 (1 + z)/(1 + z))dz. To compare this function with observations by Yasuda et al. [14], let us choose
the normalizing factor from the condition: f3 (16) = a(16), where a(m) ≡
Aλ · 100.6(m−16) is the function assuming ”Euclidean” geometry and giving
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the best ﬁt to observations [14], Aλ = const depends on the spectral band;
an upper limit is zmax = 10. In this case, we have two free parameters - α
and L∗ - to ﬁt observations, and the latter one is connected with a constant
A1 ≡ A/a2 L∗ if l(m, z) = A1 f12 (z)/κm . We have for A1 by H = 2.14·10−18 s−1
(it is a theoretical estimate of H in this model [3]): A1  5 · 1017 · (L /L∗ ),
where L is the Sun luminosity. Matching values of α shows that f3 (m)
is the closest to a(m) in the range 10 < m < 20 by α = −2.43. The ratio
(f3 (m)−a(m))/a(m) is shown in Fig. 2 for diﬀerent values of A1 by this value
of α. If we compare this ﬁgure with Figs. 6,10,12 from [14], we see that the

Figure 11.2: The relative diﬀerence (f3 (m) − a(m))/a(m) as a function of the
magnitude m for α = −2.43 by 10−2 < A1 < 102 (solid), A1 = 104 (dash),
A1 = 105 (dot), A1 = 106 (dadot).
considered model provides a no-worse ﬁt to observations than the function
a(m) if the same K-corrections are added for the range 102 < A1 < 107 that
corresponds to 5 · 1015 > L∗ > 5 · 1010 . Observations prefer a rising behavior
of this ratio up to m = 16, and the model demonstrates it.
For quasars, I computed the galaxy number counts/redshift relation f5 (m, z)
with a diﬀerent (than for galaxies) luminosity function η  (l(m, z)) [9]. In Fig
3, there are a couple of curves for each case: the left-shifted curve of any
couple (1’ - 5’) corresponds to the range 16 < m < 18.25, another one (1 - 5)
corresponds to 18.25 < m < 20.85. These ranges are chosen the same as in
the paper by Croom et al. [15], and you may compare this ﬁgure with Fig.
3 in [15]. We can see that the theoretical distributions reﬂect only some features of the observed ones but not an entire picture. Perhaps, it is necessary
to consider some theoretical model of a quasar activity to get a distribution
of ”instantaneous” luminosities (a couple of simple examples is considered in
[9]).
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Figure 11.3: QSO number counts f5 (m, z) (arbitrary units) as a function
of the redshift for diﬀerent luminosity functions: Gaussian (1’, 1 dot), the
double power law (2’, 2), Schechter’s (3’, 3), combined (4’, 4 solid and 5’, 5
dot) with parameters given in the text of [9]. The left-shifted curve of each
couple (1’ - 5’) corresponds to the range 16 < m < 18.25, another one (1 5) corresponds to 18.25 < m < 20.85.

11.3

Conclusion

One can verify the quantum and local redshift mechanism of this model in
diﬀerent ways, but I think that the most cogent one would be the described
prompt measurement of a possible length-dependent red shift of radiation
spectrum in the laboratory experiment. A negative result of this experiment
would be a very strong support of the standard cosmological model; a positive
one might open the door not only for new cosmology, but for otherwise
quantum gravity, too.
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Chapter 12
Lorentz symmetry violation
due to interactions of photons
with the graviton background
1

The average time delay of photons due to multiple interactions with gravitons of the background is computed in a frame of the model of low-energy
quantum gravity by the author. The two variants of evaluation of the lifetime
of a virtual photon are considered: 1) on a basis of the uncertainties relation
(it is a common place in physics of particles) and 2) using a conjecture about
constancy of the proper lifetime of a virtual photon. It is shown that in the
ﬁrst case Lorentz violation is negligible: the ratio of the average time delay
of photons to their propagation time is equal approximately to 10−28 ; in the
second one (with a new √
free parameter
of the model), the time-lag is propor√
tional to the diﬀerence E01 − E02 , where E01 , E02 are initial energies of
photons, and more energetic photons should arrive later, also as in the ﬁrst
case. The eﬀect of graviton pairing is taken into account, too.

12.1

Introduction

Lorentz invariance is the cornestone of physics of elementary particles, and a
degree of its possible violation is of a great interest (see the review [1]). Possible Lorentz violation is often connected in our minds with quantum gravity
1
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eﬀects; and it is almost commonly accepted that these eﬀects should reveal
themselves at the Plank scales of energies and distances. It is another story
that dealing with the Plank scale of distances suggests that our knowledge of
gravity (general relativity) is true up to this scale [2]; but it is not a proofed
fact. I would like to cite the recent paper [3] as a typical one in this direction;
the authors speak about days or months of time-lags for photons of GRB’s
in some theoretical cases.
But in my model of low-energy quantum gravity [4], gravity reveals
asymptotic freedom at very short distances beginning from 10−11 − 10−13
meter for diﬀerent particles [5], i.e. very-very far from the Plank scale. In
this paper, I have computed the average time delay of photons due to multiple interactions with gravitons of the background in a frame of the model
[4]. The two variants of evaluation of the lifetime of a virtual photon are
considered: 1) on a basis of the uncertainties relation (it is a common place
in physics of particles) and 2) using a conjecture about constancy of the
proper lifetime of a virtual photon. It is shown that in the ﬁrst case Lorentz
violation is negligible; in the second one (with a new free
of the
√
√ parameter
model), the time-lag is proportional to the diﬀerence E01 − E02 , where
E01 , E02 are initial energies of photons, and more energetic photons should
arrive later, also as in the ﬁrst case. The eﬀect of graviton pairing is taken
into account, too.

12.2

Time delay of photons due to interactions with gravitons

To compute the average time delay of photons in the model [4], it is necessary
to ﬁnd a number of collisions with gravitons of the graviton background on
a small way dr and to evaluate a delay due to one act of interaction. Let
us consider at ﬁrst the background of single gravitons. Given the expression
for H in the model, we can write for the number of collisions with gravitons
having an energy  = h̄ω:
dN () =

dr 1
|dE()|
= E(r) ·
Df (ω, T )dω,

c 2π

(12.1)

where f (ω, T ) is described by the Plank formula. In the forehead collision, a
photon loses the momentum /c and obtains the energy ; it means that for
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a virtual photon we will have:
4E
E−
v
2
v2
v
.
=
; 1− =
; 1− 2 =
c
E+
c
E+
c
(E + )2

12.2.1

(12.2)

Evaluation of the lifetime of a virtual photon
on a basis of the uncertainties relation

The uncertainty of energy for a virtual photon is equal to ΔE = 2. If we
evaluate the lifetime using the uncertainties relation: ΔE · Δτ ≥ h̄/2, we get
Δτ ≥ h̄/4. So as during the same time Δτ real photons overpass the way
cΔτ , and virtual ones overpass only the way vΔτ , we have:
cΔt = cΔτ − vΔτ,
where Δt is the time delay, and the last one will be equal to:
1
v
.
Δt() = Δτ (1 − ) ≥ h̄/2 ·
c
E+

(12.3)

The full time delay due to gravitons with an energy  is: dt() = Δt()dN ().
Taking into account all frequencies, we ﬁnd the full time delay on the way
dr:
 ∞
h̄ E
dr 1
dt ≥
·
Df (ω, T )dω.
(12.4)
2 E +  c 2π
0
The one will be maximal for E → ∞, and it is easy to evaluate it:
dt∞ ≥

h̄ dr
· DσT 4 .
4π c

(12.5)

h̄ r
· DσT 4 .
4π c

(12.6)

On the way r the time delay is:
t∞ (r) ≥

In this model: r(z) = c/H · ln(1 + z); let us introduce a constant ρ ≡
h̄/4π · DσT 4 /H = 37.2 · 10−12 s, then
t∞ (z) ≥ ρ ln(1 + z).

(12.7)

We see that for z  2 the maximal time delay is equal to ∼ 40 ps, i.e. the
one is negligible.
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In the rest frame of a virtual photon, a single parameter, which may be
juxtaposed with an energy uncertainty, is mc2 . Accepting ΔE = mc2 in this
frame, we’ll get:
t(z) ≥ ρ/2 · ln(1 + z)
(12.8)
with the same ρ; now this estimate doesn’t depend on E.

12.2.2

The case of constancy of the proper lifetime of
a virtual photon




Taking into account that for a virtual photon after a collision (E /c)2 − p 2 >
0, we may consider another possibility of lifetime estimation, for example,
Δτ0 = const, where Δτ0 is the proper lifetime of a virtual photon (it should
be considered as a new parameter of the model). Now it is necessary to
transit to the reference frame of observer:
Δτ = Δτ0 /(1 −

v 2 1/2
E+
) = Δτ0 · √ ,
2
c
2 E

(12.9)

accordingly:


v
Δt() = Δτ (1 − ) = Δτ0 · /E.
c
Then the full time delay due to gravitons with an energy  is:

√

(12.10)

dr 1
Df (ω, T )dω,
c 2π

(12.11)

dr 1  ∞ √
f (ω, T )dω.
E(r) ·
D
c 2π
0

(12.12)

dt() = Δt()dN () = Δτ0 ·

E ·

and integrating it, we get:
dt = Δτ0 ·



The integral in this expression is equal to:
 ∞√
0

f (ω, T )dω ≡

1
(kT )9/2
·
· I6 ,
4π 2 c2
h̄3

(12.13)

where a new constant I6 is the following integral:
I6 ≡

 ∞
0

x7/2 dx
= 12.2681.
exp x − 1

(12.14)
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In this model, the energy of a photon decreases as [4]: E(r) = E0 exp(−Hr/c).
The full delay on the way r now is:
 r
D
(kT )9/2
dr

· I6
E(r ) ·
=
t(r) = Δτ0 · 3 2 ·
8π c
c
0
h̄3

(12.15)


D
(kT )9/2
2 
·
·
I
·
E
−
E(r)).
·
(
6
0
8π 3 c2
H
h̄3
Let us introduce a new constant 0 for which:

= Δτ0 ·

1
D
(kT )9/2
2
√ ≡ 3 2·
· I6 · ,
3
0
8π c
H
h̄
so 0 = 2.391 · 10−4 eV, then



Δτ0 
E0
t(r) = √ · ( E0 − E(r)) = Δτ0
· (1 − exp(−Hr/2c)),
0
0

(12.16)

where E0 is an initial photon energy. This delay as a function of redshift is:

√
E0
1+z−1
t(z) = Δτ0
.
(12.17)
· √
0
1+z
In this case, the time-lag between photons emitted in one moment from
the same source with
initial energies E01 and E02 will be proportional
√
√ diﬀerent
to the diﬀerence E01 − E02 , and more energetic photons should arrive later,
also as in the ﬁrst case. To ﬁnd Δτ0 , we must compare the computed value
of time-lag with future observations. An analysis of time-resolved emissions
from the gamma-ray burst GRB 081126 [6] showed that the optical peak
occurred (8.4 ± 3.9) s later than the second gamma peak; perhaps, it means
that this delay is connected with the mechanism of burst.

12.2.3

An inﬂuence of graviton pairing

Graviton pairing of existing gravitons of the background is a necessary stage
to ensure the Newtonian attraction in this model [7]. As it has been shown
in the cited paper, the spectrum of pairs is the Planckian one, too, but
with the smaller temperature T2 ≡ 2−3/4 T ; this spectrum may be written
as: f (ω2 , T2 )dω2 , where ω2 ≡ 2ω. Then residual single gravitons will have
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the new spectrum: f (ω, T )dω − f (ω2 , T2 )dω2 , and we should also take into
account an additional contribution of pairs into the time delay.
We shall have now:
dN () = E(r) ·

dr 1
D(f (ω, T )dω − f (ω2 , T2 )dω2 ),
c 2π

(12.18)

and for pairs with energies 2 :
dN (2) =

|dE(2)|
dr 1
= E(r) ·
Df (ω2 , T2 )dω2 .
2
c 2π

(12.19)

After a collision of a photon with a pair, a virtual photon√
will have a velocity
2
v2 : v2 /c = (E − 2)/(E + 2), and a mass m2 : m2 c = 2 2E.
For the case of subsection 2.1, after collisions with pairs: ΔE = 4,
Δτ ≥ h̄/8, and we get:
Δt(2) ≥ h̄/2 ·

1
.
E + 2

(12.20)

Then due to single gravitons and pairs:
E
dr 1
·
Df (ω2 , T2 )dω2 ,
(E + )(E + 2) c 2π
(12.21)

where dt () is a reduced contribution of single gravitons, dt() is its full
contribution corresponding to formula (4). We see that if one takes into
account graviton pairing, the estimate of delay became smaller. So as
dt2 () = dt () + dt(2) ≥ dt() − h̄/2 ·

E/(E + )(E + 2) → 0
by /E → 0, we have for the maximal delay in this case: t2∞ (r) → t∞ (r),
i.e. the maximal delay is the same as in subsection 2.1.
Repeating the above procedure for the case of subsection 2.2, we shall
get:
√
(12.22)
t2 (r) = [1 + (1 − 1/ 2) · (T2 /T )9/2 ] · t(r)  1.028 · t(r),
where t2 (r) takes into account graviton pairing, and t(r) is described by
formula (16). In this case, the full delay is bigger on about 2.8% than for
single gravitons.
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Conclusion

Because in this model the propagation time for photons as a function of
redshift is: t(z) = r(z)/c = 1/H · ln(1 + z), the ratio of the average time
delay of photons to their propagation time is equal approximately to 10−28
and doesn’t depend on z in the ﬁrst considered case. This very small quantity
characterizes the degree of Lorentz violation in the model for the usually
accepted manner of the lifetime evaluation. Even for remote astrophysical
sources time-lags will be of the order of tens picoseconds, i.e. unmeasurable,
and one may consider Lorentz symmetry as an exact one for any laboratory
experiment. If the second considered case is realized in the nature, one should
initially evaluate the free parameter of the model Δτ0 from observations.
Some preliminary results of this work were used in my paper [8].
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Chapter 13
No-time-dilation corrected
Supernovae 1a and GRBs data
and low-energy quantum
gravity
1

Earlier it was shown that in the model of low-energy quantum gravity by
the author, observations of Supernovae 1a and GRBs, which are corrected by
observers for characteristic for the standard cosmological model time dilation,
may be ﬁtted with the theoretical luminosity distance curve only up to z ∼ 0.5,
for higher redshifts the predicted luminosity distance is essentially bigger. The
model itself has not time dilation due to another redshift mechanism. It is
shown here that a correction of observations for no time dilation leads to a
good accordance of observations and theoretical predictions for all achieved
redshifts.

13.1

Introduction

A main element of the universe in the model of low-energy quantum gravity
by the author [1, 2, 3] is the background of super-strong interacting gravitons. A pressure force of the background creates gravitation, and the Newton
1

Contribution to the VI Int. Workshop on the Dark side of the Universe (DSU2010),
Guanajuato U., Leon, Mexico, 1-6 June, 2010. [http://vixra.org/abs/1006.0012]
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constant is computable in the model. From another side, collisions of photons with gravitons lead to a redshift of any remote object and to a speciﬁc
relaxation of any light ﬂux. The Hubble constant may be computed, too; it
is not connected here with any expansion. The luminosity distance of the
model increases quickly with a redshift, and any observer sees only a part of
the big universe, when an invisible part of the one remains unknown.
I would like to describe here a result of correction of observations of
Supernovae 1a and GRBs for no time dilation. This eﬀect is absent in the
model, but observations are usually corrected for it in a frame of the standard
model; it means that a comparison of any model without time dilation and
corrected in this manner observations is not valid in any case.

13.2

Correction for no time delation

In the standard cosmological model, the expansion of the Universe leads to
the time dilation of (1 + z); due to it, for example, light curves of Supernovae
1a are contracted along the time axis by (1 + z) to return them to the rest
frame [4, 5]. Nearby Supernovae 1a diversity may be taken into account with
the help of the stretch factor s [4]: a fainter SN has s < 1, a brighter SN has
s > 1, and to reduce them to a normal SN with s = 1, one should contract
both quantities - the timescale and the magnitude of supernova light curve - in
s times. This calibration relation was found empirically. High-z Supernovae
light curves are characterized by observers with the timescale stretch factor
S = s · (1 + z), where the factor (1 + z) takes into account the eﬀect of
time dilation in the standard model [4]. The latter factor is introduced by
hand. Now the timescale of light curve is corrected by the factor S, when
its magnitude is corrected only by the stretch factor s. But the speciﬁc
correction for the additional (1 + z) time-dilation factor - expected only in
this class of models - is not needed in any model without time dilation. It
means, that in models without time dilation one should use the same stretch
factor S to correct the two quantities of the light curve. Of course, the
question arises about possible diﬀerences of distributions of values of s and
S for nearby and high-z Supernovae, but it is another story.
The luminosity distance DL is deﬁned as: DL = (L/4πF )1/2 , where L and
F are the intrinsic luminosity and observed ﬂux of the SN 1a. If the observed
ﬂux is overestimated in (1 + z) times due to the described correction for
time dilation, one should correct distance moduli μ0 = 5 log DL + 25 in the
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μ0 = μ0 + 2.5 log(1 + z),


where μ0 are distance moduli in any model without time dilation. In this
model, the luminosity distance is
DL = a−1 ln(1 + z) · (1 + z)(1+b)/2 ,
where a = H/c, H is the Hubble constant and c is the light velocity. The
theoretical value of relaxation factor b for a soft radiation is b = 2.137. The
theoretical Hubble diagram of this model with b = 2.137 is compared with
observational data by Riess et al [7] on Fig.1; if you compare this ﬁgure with
Fig.2 of [3] where the same data are shown with time dilation correction,
you may see that all the diﬀerence with theoretical predictions was caused
namely by time dilation which is not ”native” for this model.

Figure 13.1: The theoretical Hubble diagram μ0 (z) of this model with b =
2.137 (solid); Supernovae 1a observational data (circles, 82 points) are taken
from Table 5 of [7] and corrected for no time dilation.
The factor b of this model may have diﬀerent values for soft and hard
radiation [8]; the situation here diﬀers very much from any model with the
cosmological expansion. For very hard radiation, it should be: b = 0. Unfortunately, to evaluate distance moduli of GRBs one should use or theoretical
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values of the luminosity distance or calibrate data by nearby SN1a [9]. In the
latter case, it is accepted that the luminosity distance is the same for sources
with diﬀerent spectra that is true in models with the cosmological expansion;
but in the considered model, the Hubble diagram is a multivalued function
of a redshift: for a given z, b may have diﬀerent values for diﬀerent sources
[8]. It means that GRBs data of [9] calibrated with the help of the Union
2 compilation of nearby SN1a [10] are model dependent in this sense. As

Figure 13.2: The theoretical Hubble diagram μ0 (z) of this model with b =
2.137 (solid); GRBs calibrated observational data (pluses, 109 points) from
Tables 1 and 2 of [9] corrected for no time dilation.
you can see from Fig.2, the GRBs calibrated observational data (pluses, 109
points) from Tables 1 and 2 of [9] laid very accurately near the theoretical
curve of this model with the same b after the correction for no time dilation.
But it is not the last word of GRBs observations: if one is able to calibrate
them in some independent of SN1a manner, we shall have a possibility to
distinguish much surely this model from any model with the expansion.

13.3

Conclusion

As it is shown here, observational data of Supernovae 1a and GRBs corrected
for no time dilation are in good accordance with theoretical predictions of
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this model. It would mean that the discovery of dark energy in a frame of
the standard cosmological model is only an artefact of the conjecture about
an existence of time dilation.
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Chapter 14
Another possible interplay
between gravitation and
cosmology
1

I describe here some features of a non-geometrical approach to quantum
gravity which leads to another picture of ties of gravitation and cosmology.
The role of taking into account the eﬀect of time dilation of the standard
cosmological model is considered. It is shown that the correction for no time
dilation leads to a good accordance of Supernovae 1a data and predictions of
the considered model. The distributions of stretch factor values of Supernovae
1a for the cases of time dilation and no time dilation are discussed.
The general theory of relativity and the standard cosmological model
of our time are connected very closely via the main idea of a cosmological
expansion. Their interplay engenders such strange and ”dark” concepts as
Big Bang, inﬂation, dark energy and dark matter. The last of such fantoms
is dark ﬂow [1]; the authors try to interpret in a frame of the standard model
the observed motion of galaxy clusters as a result of interaction with another
bubble of a multiverse (it is necessary to have a very hard belief in the current
paradigm to introduce such the explanation as the ﬁrst one). Of course, it
is diﬃcult to ﬁnd some other explanation of observed ﬂat rotation curves
of galaxies and related phenomena than dark matter, but, perhaps, it is not
1

[arXiv:1003.4476v3 [physics.gen-ph]]
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impossible. But in the case of inﬂation and dark energy, the ones are obvious
buttresses of the standard model in the troubles.
There is a very small, but iron made, eﬀect which frustrates the harmony
of this connection: the Pioneer anomaly [3]. It is impossible to embed the one
in a frame of general relativity; from another side, a magnitude and a sign of
this eﬀect (the probe’s deceleration is approximately equal to Hc, where c is
the light velocity and H is the Hubble constant) overshade seeming successes
of the current cosmological model.

Figure 14.1: The theoretical function f1 (z) of this model with b = 2.137
(solid); Supernovae 1a observational data from Table 5 of [12] transformed
to the linear scale (circles, 82 points): corrected for time dilation (left panel)
and corrected for no time dilation (right panel).
I describe here some features of a non-geometrical approach to quantum
gravity [1] which leads to another interplay of gravitation and cosmology.
My model is based on the idea of an existence of the background of superstrong interacting gravitons. An interaction of light with this background
gives a speciﬁc redshift mechanism which does not need any cosmological
expansion; its peculiarity is an additional relaxation of any light ﬂux that
may be connected with the observed deviation of the Hubble diagram from
its expected view without dark energy in the standard model. Due to this
relaxation, any observer can see only a part of the universe; the property is
suﬃcient to explain the very important results of observations of a bulk ﬂow
of clusters reported in [1] without any exotic and dark names. In the model,
the Newton and Hubble constants may be computed. An important feature
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of the model is an essential diﬀerence of inertial and gravitational masses
of black holes; it means that an existence of black holes contradicts to the
equivalence principle. Additionally, the property of asymptotic freedom of
this model at very short distances leads to the important consequence: a
black hole mass threshold should exist [4, 5]. A full mass of black hole
should be restricted from the bottom with m0 ; the rough estimate for it is:
m0 ∼ 107 M . The range of transition to gravitational asymptotic freedom
for a pair of protons is between 10−11 − 10−13 meter, while for a pair of
electrons it is between 10−13 − 10−15 meter. This transition is non-universal
[4]; it means that a geometrical description of gravity on this or smaller
scales, for example on the Planck one, is not valid. Theoretical predictions

Figure 14.2: The theoretical Hubble diagram μ0 (z) of this model with b =
2.137 (solid); Supernovae 1a observational data from Table 5 of [12] (circles,
82 points): corrected for time dilation (left panel) and corrected for no time
dilation (right panel).
for galaxy/quasar number counts were found in this model [6] based only on
the luminosity distance and the geometrical one as functions of a redshift;
there is not any visible contradiction with observations.
In the model, the luminosity distance DL is equal to [1]:
DL = a−1 ln(1 + z) · (1 + z)(1+b)/2 ≡ a−1 f1 (z),
where f1 (z) ≡ ln(1 + z) · (1 + z)(1+b)/2 , a = H/c, and b = 2.137 for soft
radiation. Time dilation is absent in this model; but observational data are
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usually corrected for this eﬀect of the standard cosmological model [7, 8].
Due to the correction for time dilation, the observed ﬂux is overestimated in
(1 + z) times, and one should correct distance moduli μ0 = 5 log DL + 25 as
[9]:

μ0 = μ0 + 2.5 log(1 + z),


where μ0 are distance moduli in any model without time dilation. The comparison of predictions of the model with Supernovae 1a observational data
by Riess et al. [12] is shown on Figs. 1, 2. On Fig. 1, I have used the linear
scale of the vertical axis; to re-compute values of f1 (z) from observations,
one can apply the transformation:
f1 (z) = 10(μ0 (z)−c1 )/5 ,
where c1 is a constant (here its value is c1 = 43.4). The left panels of these

Figure 14.3: The three theoretical Hubble diagrams: μ0 (z) of this model with
b = 2.137 (solid); μ0 (z) of this model with b = 1.137 taking into account the
eﬀect of time dilation of the standard model (dash); μc (z) for a ﬂat Universe
with the concordance cosmology by ΩM = 0.27 and w = −1 (dadot).
ﬁgures are the same as Figs. 2, 3 of [1]; it is obvious now that the essential
diﬀerences between predictions of the model and observations were caused
namely by the correction for cosmological time dilation. After the correction
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for no time dilation, the same observations are ﬁtted very well with the
theoretical curve (the right panels). Some further details may be found in
my recent paper [11].
As it was shown in [12], theoretical distance moduli μc (z) for a ﬂat Universe with the concordance cosmology by ΩM = 0.27 and w = −1, which give
the best ﬁt to GRB observations by Schaefer [13], are very close to the Hubble diagram μ0 (z) with b = 1.1 of this model. From the considered above,
we see that the avoidance of the eﬀect of cosmological time dilation means
the transition to b = 2.137 − 1 = 1.137 - very close to that value. We may
do now some predictions about the behavior of the universe in a frame of the
standard model for high z comparing the theoretical Hubble diagrams (see
Fig. 3): μ0 (z) of this model with b = 1.137 taking into account the eﬀect
of time dilation of the standard model (dash); and μc (z) for a ﬂat Universe
with the concordance cosmology by ΩM = 0.27 and w = −1 (dadot). You
can see a good accordance of this diagrams up to z ≈ 4; for higher redshifts
we should expect the accelerated expansion again. The extra acceleration
should decrease from big z to the smaller ones. We must bide new data from
the future space missions to verify this prediction.

Figure 14.4: The observed values of stretch factor S without correction for
time dilation (left panel, ×) and the corresponding values of stretch factor s
corrected for time dilation (right panel, +); data are taken from Table 11 of
[14] by Kowalski et al. (the Union compilation of SNe 1a).
Let us discuss brieﬂy the distributions of stretch factor values of Supernovae 1a. Supernovae light curves are characterized by observers with the
observed timescale stretch factor S. In the standard cosmological model, to
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ﬁnd the stretch factor s in the supernova rest frame one should divide S by
(1+z), where the factor (1+z)−1 takes into account the eﬀect of time dilation
[7]. After it, the timescale of light curve is corrected by the factor S, when its
magnitude is corrected only by the stretch factor s – in the standard model
approach; but in any model with no time dilation it is necessary to use the
factor S for both normalizations. On Fig. 4, the data from the Union compilation of SNe 1a by Kowalski et al. [14] are used to show the distributions of
values of S and s for nearby SNe 1a (104 points with z ≤ 0.1) and for high-z
SNe 1a (294 points with z > 0.1). The values of the average s and σ for s
are almost identical for these two subsamples: s is equal to 0.91 and 0.97,
σ is equal to 0.143 and 0.144 for nearby and remote events. Usually, it is
interpreted as the main argument in the proof that time dilation takes place
[7]. But there are obvious physical arguments to show that the distributions
of the stretch factor should be diﬀerent for nearby and remote explosions: 1)
the lower boundary of the distribution should rise with z due to increasing
the luminosity distance; 2) the upper boundary should rise too because we
have not a possibility to observe in the local volume very rare events, and
they may be seen only in a very big volume. We see both these expected
peculiarities on the left panel of Fig. 4, but not on the right one.
In this model, energy losses of any massive body due to forehead collisions
with gravitons lead to the body acceleration by a non-zero velocity v: w0 =
−ac2 (1 − v 2 /c2 ). For small velocities: w0  −Hc, that may be connected
with the Pioneer anomaly [15].
Astrophysical and cosmological observations may be used not only as
conﬁrmations of the standard model from new and new dark sides but in
another manner: to clarify and to found better our knowledge of gravitation,
perhaps, even beyond general relativity.
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Chapter 15
Estimating the Hubble constant
on a base of observed values of
the Hubble parameter H(z) in a
model without expansion
1

In the model of low-energy quantum gravity by the author, the ratio H(z)/(1 + z)
should be equal to the Hubble constant. Here, the weighted average value of
the Hubble constant has been found using 29 observed values of the Hubble
parameter H(z): < H0 > ±σ0 = (64.40 ± 5.95) km s−1 M pc−1 .
Dark energy has become a very popular object after the famous claim of
1998 about its discovery [1, 2], and the majority of the physical society trust
that it is really discovered. It is necessary only to ﬁnd this big and absolutely
unknown peace of energy content of the universe. The situation is strange.
The Higgs boson has been discovered after half a century of searching, and
nobody claimed its existence before the moment of truth. I think that dark
energy and inﬂation are very speculative hypotheses, which are needed to
serve the idea of expansion of the universe. This main hypothesis of the
contemporary cosmology is not veriﬁed in any experiment, and, if the one
fails, whole huge construction of the standard cosmological model will fail,
too.
1
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In my model of low-energy quantum gravity [4], there exists a local quantum mechanism of redshift which may be lain in the basis of a new cosmological paradigm without any expansion. This mechanism is based on energy
losses of photons by forehead collisions with gravitons of the graviton background. In this case, the geometrical distance r depends on the redshift z
as:
c
ln(1 + z),
(15.1)
r(z) =
H0
where H0 is the Hubble constant, c is the velocity of light. For a remote
region of the universe we may introduce the Hubble parameter H(z) in the
following manner:
dr
(15.2)
dz = H(z) · ,
c
dr
, we get in this model
to imitate the local Hubble law. Taking a derivative dz
for H(z) :
(15.3)
H(z) = H0 · (1 + z).
It means that in the model:
H(z)
= H0 .
(1 + z)

(15.4)

The last formula gives us a possibility to evaluate the Hubble constant
using observed values of the Hubble parameter H(z). To do it, I use here
28 points of H(z) from [19] and one point for z < 0.1 from [20]. The last
point is the result of HST measurement of the Hubble constant obtained
from observations of 256 low-z supernovae 1a. Here I refer this point to the
average redshift z = 0.05. Observed values of the ratio H(z)/(1 + z) with ±σ
error bars are shown in Fig. 16.1 (points). The weighted average value of
the Hubble constant is calculated by the formula:
 H(zi )

< H0 >=

/σi2
.
1/σi2

1+zi



(15.5)

The weighted dispersion of the Hubble constant is found with the same
weights:
 H(zi )
( 1+zi − < H0 >)2 /σi2
2
σ0 =
.
(15.6)

1/σi2
Calculations give for these quantities:
< H0 > ±σ0 = (64.40 ± 5.95) km s−1 M pc−1 .

(15.7)
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Figure 15.1: The ratio H(z)/(1+z)±σ and the weighted value of the Hubble
constant H0 ±σ0 (horizontal lines). Observed values of the Hubble parameter
H(z) are taken from Table 1 of [19] and one point for z < 0.1 is taken from
[20].
The weighted average value of the Hubble constant with ±σ0 error bars are
shown in Fig. 16.1 as horizontal lines. The theoretical value of the Hubble
constant in the model: H0 = 2.14 · 10−18 s−1 = 66.875 km · s−1 · M pc−1
belongs to this range.
Calculating the χ2 value as:
2

χ =

H(z )

 ( 1+zi − < H0 >)2
i

σi2

,

(15.8)

we get χ2 = 16.491. By 28 degrees of freedom of our data set, it means that
the hypothesis described by Eq. 16.4 cannot be rejected with 95% C.L.
Some authors try in a frame of models of expanding universe to ﬁnd
deceleration-acceleration transition redshifts using the same data set (for
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example, [19]). The above conclusion that the ratio H(z)/(1 + z) remains
statistically constant in the available range of redshifts is model-independent.
For the considered model, it is an additional fact against dark energy as an
admissible alternative to the graviton background.
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Chapter 16
Cosmological consequences of
the model of low-energy
quantum gravity
1

The model of low-energy quantum gravity by the author is based on the
conjecture about an existence of the graviton background. An interaction of
photons and moving bodies with this background leads to small additional effects having essential cosmological consequences. In the model, redshifts of
remote objects and the dimming of supernovae 1a may be interpreted without
any expansion of the Universe and without dark energy. Some of these consequences are discussed and confronted with supernovae 1a, long GRBs, and
QSOs observations in this paper. It is shown that the two-parametric theoretical luminosity distance of the model ﬁts observations with high conﬁdence
levels (100% for the SCP Union 2.1, 43% for JLA compilations, 99.81% for
long GRBs, and 13.73% for quasars), if all data sets are corrected for no
time dilation. These two parameters are computable in the model.
P ACS : 98.80.Es, 04.50.Kd, 04.60.Bc
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Introduction

In contrast with classical electrodynamics in the XIX century or quantum
electrodynamics in the XX century, at present we have a complete lack of
experimental evidence to construct a theory of quantum gravity. From dimensional reasons only, if one assumes that the Newton constant is universal
for any scales, the eﬀects of quantum gravity are expected to be measurable
over extremely small distances or very high energies. There are proposals how
to detect some eﬀects in a laboratory - for example, [1, 2], - or to observe a
possible small violation of the Lorentz invariance for remote sources, but we
have not any results in a frame of current paradigms which may pave us to
the goal. Another constrain is, as I think, the common expectation that the
future theory should be some symbiosis of the geometrical theory of general
relativity and quantum mechanics. Geometry is useful for a description of
the average motion of big bodies due to the universality of gravitation, but it
is not the fact that quantum eﬀects may be described geometrically. It is also
necessary to keep in mind that the nature of gravity as well as the nature
of quantum behavior of microparticles are unknown - we have remarkable
descriptions in diﬀerent languages but not understanding in both cases.
I describe here brieﬂy some consequences of my approach to quantum
gravity [1, 4], in which the phenomenon is a very-low-energy one and is
caused by the background of super-strong interacting gravitons. The main
quantum eﬀect of this approach is the Newtonian attraction; its small eﬀects
enforce us to look at the known results of astrophysical observations from
another point of view and give us the reasons to doubt in the validity of the
current standard cosmological model.

16.2

The model of low-energy quantum gravity

The geometrical description of gravity in general relativity does not involve
any mechanism of interaction. It is similar to the Newtonian model: we don’t
know how it works. In my model of low-energy quantum gravity [1, 4], gravity is considered as the screening eﬀect. It is suggested that the background
of super-strong interacting gravitons exists in the universe. Its temperature
should be equal to the one of CMB. Screening this background creates for
any pair of bodies both attraction and repulsion forces due to pressure of
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gravitons. For single gravitons, these forces are approximately balanced, but
each of them is much bigger than a force of Newtonian attraction. If single
gravitons are pairing, an attraction force due to pressure of such graviton
pairs is twice exceeding a corresponding repulsion force if graviton pairs are
destructed by collisions with a body. This peculiarity of the quantum mechanism of gravity leads to the diﬀerence of inertial and gravitational masses
of a black hole. In such the model, the Newton constant is connected with
the Hubble constant that gives a possibility to obtain a theoretical estimate
of the last. We deal here with a ﬂat non-expanding universe fulﬁlled with
super-strong interacting gravitons; it changes the meaning of the Hubble constant which describes magnitudes of three small eﬀects of quantum gravity
but not any expansion or an age of the universe.

16.3

Small eﬀects of the model due to its
quantum nature

There are two small eﬀects for photons in the sea of super-strong interacting
gravitons [1]: average energy losses of a photon due to forehead collisions
with gravitons and an additional relaxation of a photonic ﬂux due to nonforehead collisions of photons with gravitons. The ﬁrst eﬀect leads to the
geometrical distance/redshift relation:
r(z) = ln(1 + z) · c/H0 ,

(16.1)

where H0 is the Hubble constant, c is the velocity of light. The both eﬀects
lead to the luminosity distance/redshift relation:
DL (z) = c/H0 · ln(1 + z) · (1 + z)(1+b)/2 ≡ c/H0 · f1 (z),

(16.2)

where f1 (z) ≡ ln(1 + z) · (1 + z)(1+b)/2 ; the ”constant” b belongs to the range
0 - 2.137 [5] (b = 2.137 for very soft radiation, and b → 0 for very hard
one). For an arbitrary source spectrum, a value of the factor b should be still
computed. It is clear that in a general case it should depend on a rest-frame
spectrum and on a redshift. Because of this, the Hubble diagram should
be a multivalued function of a redshift: for a given z, b may have diﬀerent
values for diﬀerent kinds of sources. Further more, the Hubble diagram may
depend on the used procedure of observations: diﬀerent parts of rest-frame
spectrum will be characterized with diﬀerent values of the parameter b.

16.4. 4

175

Actually, the factor b describes an analog of the blurring eﬀect of tiredlight models. Due to the quantum nature of this eﬀect in the model, nonforehead collisions of photons with gravitons should lead to relatively big
average angles of deviations of photons of visible range:
Δϕ ∼

10−3 eV
= 4 · 10−4 rad,
2.5 eV

where 10−3 eV and 2.5 eV are average graviton and photon energies. By
multiple collisions, deviated photons will not be recognized as emitted by
a small-angle remote object. But images of high-z objects may be partly
blurred due to a fraction of low-energy gravitons.
The third small eﬀect of this model is the constant deceleration of massive
bodies due to forehead collisions with gravitons. It is an analog of the redshift
in this model. We get for the body acceleration w by a non-zero velocity v:
w = −ac2 (1 − v 2 /c2 ).

(16.3)

For small velocities we have for it: w  −H0 c. If the Hubble constant H0 is
equal to 2.14 · 10−18 s−1 (it is the theoretical estimate of H0 in this approach),
a modulus of the acceleration will be equal to |w|  H0 c = 6.419·10−10 m/s2 ,
that is of the same order of magnitude as a value of the observed additional
acceleration (8.74 ± 1.33) · 10−10 m/s2 for NASA probes Pioneer 10/11 [3].

16.4

Advanced LIGO technologies may be partly
used to verify the redshift mechanism

The main conjecture of this approach about the quantum gravitational nature
of redshifts may be veriﬁed in a ground-based laser experiment. To do it,
one should compare spectra of laser radiation before and after passing some
distance l in a high-vacuum tube [7]. The temperature T of the graviton
background coincides in the model with the one of CMB. Assuming T =
2.7K, we have for the average graviton energy: ¯ = 8.98 eV. Because of the
quantum nature of redshift, the satellite of main laser line of frequency ν
would appear after passing the tube with a redshift of 10−3 eV/h, and its
position should be ﬁxed (see Fig. 17.1, z is the redshift). It will be caused
by the fact that on a very small way in the tube only a small part of photons
may collide with gravitons of the background. The rest of them will have
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Figure 16.1: The main line and the expected red-shifted satellite line of a
stable laser radiation spectrum after a delay line. Satellite’s position should
be ﬁxed near ν − ¯/h, and its intensity should linear rise with a path of
photons in a delay line, l. A center-of-mass of both lines is expected to be
approximately near ν − zν.
unchanged energies. The center-of-mass of laser radiation spectrum should
be shifted proportionally to a photon path. Due to the quantum nature
of shifting process, the ratio of satellite’s intensity to main line’s intensity
should have the order: ∼ hν¯ Hc0 l,. The theoretical value of H0 in the model
is: H0 = 2.14 · 10−18 s−1 . An instability of a laser must be only much
smaller than 10−3 if a photon energy is equal to ∼ 1 eV. Given a very low
signal photon number frequency, one could use a single photon counter to
measure the intensity of the satellite line after a narrow-band ﬁlter with ﬁlter
transmittance k. If q is a quantum output of a photomultiplier cathode, fn is
a frequency of its noise pulses, and n is a desired signal-to-noise ratio, then
an evaluated time duration t of data acquisition would be equal to:
t=

(¯cn)2 fn
,
(H0 qkP l)2

where P is a laser power. Assuming for example: n = 10, fn = 103 s−1 ,
q = 0.3, k = 0.1, P = 200 W, l = 300 km, we have the estimate: t ≈ 3 · 103
s. Such the value of l may be achieved if one forces a laser beam to whipsaw
many times between mirrors in the vacuum tube with the length of a few
kilometers.
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Figure 16.2: The theoretical Hubble diagram μ0 (z) of this model (solid);
Supernovae 1a observational data (circles, 82 points) are taken from Table 5
of [12] and corrected for no time dilation.
The advanced LIGO detectors [8], which were used to observe the gravitationalwave event GW 150914, have many technological achievements needed to
do the described experiment: stable powerful lasers and input optics, highvacuum tubes with optical resonator that multiplies the physical length by
the number of round-trips of the light, mirror suspension systems with actuators. Some parameters of LIGO systems are of the same order as in the
considered example. If one constructs the future LIGO detector with some
additional equipment, the veriﬁcation of the redshift mechanism may be performed in parallel with the main task or during a calibration stage of the
detector.

16.5

Cosmological consequences of the model

There are the two circumstances introduced in the model to rich the needed
strength of gravitational attraction: 1) gravitons should be super-strong interacting, and 2) a part of gravitons should be paired and the pairs must
be destructed by interaction with bodies. It leads to the very unexpected
consequence: in the model, a black hole should have diﬀerent gravitational
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and inertial masses, i. e. its possible existence contradicts to general relativity. Another unexpected feature of this approach is a necessity of ”an
atomic structure” of matter, because the considered mechanism doesn’t work
without it.

Figure 16.3: The two theoretical Hubble diagrams: μ0 (z) of this model with
b = 1.137 taking into account the eﬀect of time dilation of the standard
model (solid); μc (z) for a ﬂat Universe with the concordance cosmology by
ΩM = 0.27 and w = −1 (dash).
The property of asymptotic freedom of this model at very short distances
leads to the important consequences, too. First, a black hole mass threshold
should exist. A full mass of black hole should be restricted from the bottom
with m0 ; the rough estimate for it is: m0 ∼ 107 M . The range of transition
to gravitational asymptotic freedom for a pair of protons is between 10−11 −
10−13 meter, and for a pair of electrons it is between 10−13 −10−15 meter. This
transition is non-universal; it means, second, that a geometrical description
of gravity on this or smaller scales, for example on the Planck one, is not
valid.
Any massive body moving relative to the graviton background should
suﬀer in the model the constant deceleration of the order of ∼ H0 c, i. e.
of the same order as an anomalous acceleration of the NASA’s deep space
probes (the Pioneer anomaly) [3]. Recently, it was shown by S. Turyshev
et al [9], that the thermal origin of the Pioneer anomaly is very possible.
From another side, the mass discrepancy in spiral galaxies appears at very
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low accelerations less than some a0 and not much above a0 [10], where the
boundary acceleration a0 has the same order. The need for dark matter in
spiral galaxies appears at very low accelerations. A simple alternative to dark
matter is MOND by M. Milgrom [11], in which such the boundary acceleration is introduced by hand. The main feature of MOND is the strengthening
of gravitational attraction in a case of low accelerations; I do not think that
an exact form of this strengthening has been guessed in MOND. But MOND
gives us a clear hint that general relativity may be not valid on galactic or
bigger scales of distances, and its application in cosmology is in doubt. In my
model, the universal deceleration of bodies should lead in any bound system
to an additional acceleration of them relative to the system’s center of inertia.
Some additional strengthening of gravitation on a periphery of galaxies may
be caused in the model by the destruction of graviton pairs ﬂying through
their central parts whereas pairs ﬂying to the center are destructed in a less
degree. The problem is open in this model.

Figure 16.4: The theoretical Hubble diagram μ0 (z) of this model (solid);
Supernovae 1a observational data (580 points of the SCP Union 2.1 compilation) are taken from [13] and corrected for no time dilation.
The standard cosmological model is based on the assumption that redshifts of remote objects arise due to an expansion of the Universe. The model
was re-builded a few times to save this base, the last innovation of it is an in-
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troduction of dark energy. Many people are searching for dark energy now or
plan to do it, for example, with the help of big colliders. This basic cosmological assumption is considered by the community as a dogma, an invioalable
sanctuary of present cosmology. For example, all observations of remote objects in the time domain are corrected for time dilation - but this eﬀect is
an attribute only of the standard model. In my model this assumption does
not seem to be absolutely necessary. There exists a possibility in the model
to interpret observations in another manner, without any expansion of the
Universe.

16.5.1

The Hubble diagram of this model

In this model, the luminosity distance is given by Eq. 17.2. The theoretical
value of relaxation factor b for a soft radiation is b = 2.137. Let us begin with
this value of b, considering the Hubble constant as a single free parameter to
ﬁt observations. The theoretical Hubble diagram of this model is compared
with Supernovae 1a observational data by Riess et al. [12] (corrected for no
time dilation as: μ(z) → μ(z) + 2.5 · lg(1 + z)) in Fig. 17.2. As you can see,
the theoretical diagram ﬁts observations very well without any dark energy.

Figure 16.5: Values of k(z) (580 points) and < k(z) >, < k(z) > +σk , <
k(z) > −σk (lines) for the SCP Union 2.1 compilation.
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The luminosity distance in the concordance cosmology by w = −1 is:
DL (z) = c/H0 ·(1+z)

 z
0

[(1+x)3 ΩM +(1−ΩM )]−0.5 dx ≡ c/H0 ·f2 (z), (16.4)



where f2 (z) ≡ (1 + z) 0z [(1 + x)3 ΩM + (1 − ΩM )]−0.5 , ΩM is the normalized
matter density. To demonstrate how similar are predictions about distance
moduli as a function of redshift of this model and of the concordance cosmology, the two theoretical Hubble diagrams are sown in Fig. 17.3: μ0 (z) of this
model with b = 1.137 taking into account the eﬀect of time dilation of the
standard model (solid); and μc (z) for a ﬂat Universe with the concordance
cosmology by ΩM = 0.27 and w = −1 (dash). You can see a good accordance
of this diagrams up to z ≈ 4.

Figure 16.6: The theoretical Hubble diagram μ0 (z) of this model with b =
2.365 (solid); Supernovae 1a observational data (31 binned points of the JLA
compilation) are taken from Tables F.1 and F.2 of [14] and corrected for no
time dilation.
At present, two big compilations of SN 1a observations are available:
the SCP Union 2.1 compilation (580 supernovae) [13] and the JLA compilation (740 supernovae) [14]. These compilations may be used to evaluate the
Hubble constant in this approach. Using the deﬁnition of distance modulus:
μ(z) = 5lgDL (z)(M pc)+25, we get from Eq. 17.2 for the theoretical distance
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modulus μ0 (z): μ0 (z) = 5lgf1 (z) + k, where the constant k is equal to:
k ≡ 5lg(c/H0 ) + 25.
If the model ﬁts observations, then we shall have for k(z):
k(z) = μ(z) − 5lgf1 (z),

(16.5)

where μ(z) is an observational value of distance modulus. The weighted
average value of k(z) :


< k(z) >=

k(zi )/σi2
,

1/σi2

(16.6)

where σi2 is a dispersion of μ(zi ), will be the best estimate of k. Here, σi2 is
deﬁned as: σi2 = σi2 stat + σi2 sys . The average value of the Hubble constant
may be found as:
c · 105
.
(16.7)
< H0 >= <k(z)>/5
10
· M pc
For a standard deviation of the Hubble constant we have:
σ0 =

ln10· < H0 >
· σk ,
5

(16.8)

where σk2 is a weighted dispersion of k, which is calculated with the same
weights as < k(z) > .
The theoretical Hubble diagram μ0 (z) of this model with < k(z) > which
is calculated using the SCP Union 2.1 compilation [13] is shown in Fig. 17.4
together with observational points corrected for no time dilation. Values
of k(z) (580 points) and < k(z) >, < k(z) > +σk , < k(z) > −σk (lines)
are shown in Fig. 17.5. For this compilation we have: < k > ±σk =
43.216 ± 0.194. Calculating the χ2 value as:
χ2 =

 (k(zi )− < H0 >)2

σi2

,

(16.9)

we get χ2 = 239.635. By 579 degrees of freedom of this data set, it means
that the hypothesis that k(z) = const cannot be rejected with 100% C.L.
Using Eqs. 17.6, 17.7, we get for the Hubble constant from the ﬁtting:
< H0 > ±σ0 = (2.211 ± 0.198) · 10−18 s−1 = (68.223 ± 6.097)

km
.
s · M pc
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Figure 16.7: Values of k(z) (31 binned points) and < k(z) >, < k(z) >
+σk , < k(z) > −σk (lines) for the JLA compilation.
The theoretical value of the Hubble constant in the model: H0 = 2.14 ·
10−18 s−1 = 66.875 km · s−1 · M pc−1 belongs to this range. The traditional
dimension km · s−1 · M pc−1 is not connected here with any expansion.
To repeat the above calculations for the JLA compilation, I have used
31 binned points from Tables F.1 and F.2 of [14] (diagonal elements of the
correlation matrix in Table F.2 are dispersions of distance moduli). We have
for this compilation by b = 2.137: < k > ±σk = 43.174 ± 0.049 with χ2 =
51.66. By 30 degrees of freedom of this data set, it means that the hypothesis
that k(z) = const cannot be rejected only with 0.83% C.L. Varying the
value of b, we ﬁnd the best ﬁtting value of this parameter: b = 2.365 with
χ2 = 30.71. It means that the hypothesis that k(z) = const cannot be
rejected now with 43.03% C.L. This value of b is 1.107 times greater than
the theoretical one. For the Hubble constant we have in this case:
< H0 > ±σ0 = (2.254 ± 0.051) · 10−18 s−1 = (69.54 ± 1.58)

km
.
s · M pc

Results of the best ﬁtting are shown in Figs. 17.6, 17.7.
If observations of long Gamma-Ray Bursts (GRBs) for small z are calibrated using SNe 1a, observational points are ﬁtted with this theoretical
Hubble diagram, too [4]. But for hard radiation of GRBs, the factor b may
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Figure 16.8: The theoretical Hubble diagram μ0 (z) of this model (solid); long
GRBs observational data (109 points) are taken from Tables 1,2 of [17] and
corrected for no time dilation.
be smaller, and the real diagram for them may diﬀer from the one for SNe
1a. With this limitation, the long GRBs observational data (109 points) are
taken from Tables 1,2 of [17] and ﬁtted in the same manner with b = 2.137.
In this case we have: < k > ±σk = 43.262 ± 8.447 with χ2 = 70.39. By
108 degrees of freedom of this data set, it means that the hypothesis that
k(z) = const cannot be rejected with 99.81% C.L. For the Hubble constant
we have in this case:
< H0 > ±σ0 = (2.162 ± 0.274) · 10−18 s−1 = (66.71 ± 8.45)

km
.
s · M pc

Results of the ﬁtting are shown in Figs. 17.8, 17.9.
Very recently, a new data set of 44 long Gamma-Ray Bursts was compiled
with the redshift range of [0.347; 9.4] [18], in which two empirical luminosity correlations (the Amati relation and Yonetoku relation) were used to
calibrate observations. Because the GRB Hubble diagram calibrated using
luminosity correlations is almost independent on the GRB spectra, as it has
been shown by the authors, I use here values of μ(zi ) ± σi from columns 7 of
Tables 2 and 3 of [18], based on the Band function, but with both calibrations. If this data set is ﬁtted in the same manner with b = 2.137, we have
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Figure 16.9: Values of k(z) (109 points) and < k(z) >, < k(z) > +σk , <
k(z) > −σk (lines) for long GRBs.
for the Amati calibration: < k > ±σk = 43.168 ± 1.159 with χ2 = 40.585.
By 43 degrees of freedom of this data set, it means that the hypothesis that
k(z) = const cannot be rejected with 57.66% C.L. For the Hubble constant
we have in this case:
< H0 > ±σ0 = (2.26 ± 1.206) · 10−18 s−1 = (69.732 ± 37.226)

km
.
s · M pc

By b = 2.137, we have for the Yonetoku calibration: < k > ±σk = 43.148 ±
1.197 with χ2 = 43.148. It means that the hypothesis that k(z) = const
cannot be rejected with 46.5% C.L. For the Hubble constant we have in this
case:
< H0 > ±σ0 = (2.281 ± 1.257) · 10−18 s−1 = (70.386 ± 38.793)

km
.
s · M pc

But best ﬁtting values of b are less than 2.137 in both cases: b = 1.885
for the Amati calibration (< k > ±σk = 43.484 ± 1.15, χ2 = 39.92, with
60.57% C.L. and < H0 > ±σ0 = (1.954 ± 1.035) · 10−18 s−1 = (60.309 ±
31.932)km/s/M pc.), and b = 1.11 for the Yonetoku one (< k > ±σk =
44.439 ± 1.037, χ2 = 32.58, with 87.62% C.L. and < H0 > ±σ0 = (1.259 ±
0.601) · 10−18 s−1 = (38.841 ± 18.546)km/s/M pc.). Namely smaller values
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of this parameter for bigger photon energies are expected in the model. For
best ﬁtting values of b, values of distance moduli are overestimated in both
calibrations: on ∼ 0.225 for the Amati calibration, and on ∼ 1.18 for the
Yonetoku calibration, if we compare values of < k > with its theoretical
value of 43.259. It leads to the corresponding underestimation of the Hubble
constant. Results of the best ﬁtting for the Yonetoku calibration are shown
in Fig. 17.10.

Figure 16.10: The theoretical Hubble diagram μ0 (z) of this model with
b = 1.11 (solid); GRB observational data with the Yonetoku calibration
(44 points) are taken from Table 3 of [18] and corrected for no time dilation.
Recently, a new method to test cosmological models was introduced,
based on the Hubble diagram for quasars [15]. The authors built a data
set of 1,138 quasars for this purpose. Some later, this method and the
data set were used to compare diﬀerent models [16]. I have used here the
binned quasar data set (18 binned points) of the paper [16] to verify my
model in the described above manner. This data set contains the sum of
observed distance modulus and an arbitrary constant A. To ﬁnd this unknown constant for the calibration of QSO observations, I have computed
< k  (z) >=< k(z) > +A and replaced < k(z) > by its value for the JLA
compilation; it gave: A = 50.248. This linking means that the average values
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of the Hubble constant should be identical for the two data sets. Subtracting
this value of A, we get from the ﬁtting of the quasar data by b = 2.137:
< k > ±σk = 43.175 ± 0.340 with χ2 = 23.378. By 17 degrees of freedom
of this data set, it means that the hypothesis that k(z) = const cannot be
rejected now with 13.73% C.L. For the Hubble constant we have:
< H0 > ±σ0 = (2.253 ± 0.340) · 10−18 s−1 = (69.534 ± 10.873)

km
.
s · M pc

Results of the ﬁtting are shown in Fig. 17.11.

16.5.2

Comparison with the LCDM cosmological model

To compare the above results of ﬁtting with results for the LCDM cosmology,
let us replace f1 (z) → f2 (z) (see Eq. 17.4) and repeat the calculations. Of
course, all data sets should remain now corrected for time dilation. The
results of ﬁtting are presented in Table 17.1; for convenience, the main above
results for the model of low-energy quantum gravity are collected in the
table, too. It is obvious, that conﬁdence levels for both models do not allow
to reject any of them.
For me, it was a big surprise that the Einstein–de Sitter model (Eq. 17.4
with ΩM = 1) cannot be rejected on a base of the full SCP Union 2.1 data set
and the χ2 −criterion. We get χ2 = 428.579 and 99.9999% C.L. The cause is
in a big number of small-z supernovae 1a in this set; it leads to a big number
of degrees of freedom, but to small diﬀerences of χ2 for models with similar
values of DL (z) in this range of z. But if one splits the data set in two subsets,
for example with z ≤ 0.5 and z > 0.5, and uses the ﬁrst subset to evaluate
< H0 >, then using this < H0 > and the second subset to compute χ2 by
much smaller number of degrees of freedom, one can reject this model with
high probability (when z > 0.5, we get χ2 = 247.551 by 166 observations and
0.004% C.L.). Results for the model of low-energy quantum gravity and the
LCDM cosmological model are not essentially changed by the splitting. But
the Einstein–de Sitter model with ΩM = 1 bests the LCDM cosmological
model with any amount of dark energy for the 44 long GRBs data set with
the Yonetoku calibration.
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the model of low-energy quantum gravity
Data set
b
χ2 C.L., % < H0 > ±σ0
SCP Union 2.1 [13]
2.137 239.635
100 68.22 ± 6.10
JLA [14]
2.365
30.71
43.03 69.54 ± 1.58
109 long GRBs [17]
2.137
70.39
99.81 66.71 ± 8.45
44 long GRBs [18],
2.137 40.585
57.66 69.73 ± 37.23
the Amati calibration
1.885
39.92
60.57 60.31 ± 31.93
44 long GRBs [18],
2.137 43.148
46.5 70.39 ± 38.79
the Yonetoku calibration
1.11
32.58
87.62 38.84 ± 18.55
quasars [16]
2.137 23.378
13.73 69.53 ± 10.87
the LCDM cosmological model
Data set
ΩM
χ2 C.L., % < H0 > ±σ0
SCP Union 2.1 [13]
0.30 217.954
100 69.68 ± 5.94
JLA [14]
0.30 29.548
48.90 70.08 ± 1.56
109 long GRBs [17]
0.30 66.457
99.94 70.04 ± 8.62
44 long GRBs [18],
0.30 40.777
56.81 68.99 ± 36.92
the Amati calibration
0.49 40.596
57.61 60.75 ± 32.44
44 long GRBs [18],
0.30 38.456
66.85 69.59 ± 36.10
the Yonetoku calibration
1.0 34.556
81.72 49.51 ± 24.35
quasars [16]
0.30 21.368
21.03 69.68 ± 10.42
Table 16.1: Results of ﬁtting the Hubble diagram with the model of lowenergy quantum gravity and the LCDM cosmological model. The best ﬁtting
values of b and ΩM for 44 long GRBs are marked by the bold typeface.

16.5.3

The Hubble parameter H(z) of this model

If the geometrical distance is described by Eq. 17.1, for a remote region of
the universe we may introduce the Hubble parameter H(z) in the following
manner:
dr
(16.10)
dz = H(z) · ,
c
to imitate the local Hubble law. Taking a derivative
for H(z) :
H(z) = H0 · (1 + z).

dr
,
dz

we get in this model
(16.11)
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Figure 16.11: The theoretical Hubble diagram μ0 (z) of this model (solid);
quasar observational data (18 binned points) [16] are corrected for no time
dilation.
It means that in the model:
H(z)
= H0 .
(1 + z)

(16.12)

The last formula gives us a possibility to evaluate the Hubble constant
using observed values of the Hubble parameter H(z). To do it, I use here
28 points of H(z) from [19] and one point for z < 0.1 from [20]. The last
point is the result of HST measurement of the Hubble constant obtained
from observations of 256 low-z supernovae 1a. Here I refer this point to the
average redshift z = 0.05. Observed values of the ratio H(z)/(1 + z) with ±σ
error bars are shown in Fig. 17.12 (points). The weighted average value of
the Hubble constant is calculated by the formula:
 H(zi )

< H0 >=

/σi2
.
1/σi2

1+zi



(16.13)

The weighted dispersion of the Hubble constant is found with the same
weights:
 H(zi )
( 1+zi − < H0 >)2 /σi2
2
.
(16.14)
σ0 =

1/σi2
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Figure 16.12: The ratio H(z)/(1 + z) ± σ and the weighted value of the
Hubble constant < H0 > ±σ0 (horizontal lines). Observed values of the
Hubble parameter H(z) are taken from Table 1 of [19] and one point for
z < 0.1 is taken from [20].
Calculations give for these quantities:
< H0 > ±σ0 = (64.40 ± 5.95) km s−1 M pc−1 .

(16.15)

The weighted average value of the Hubble constant with ±σ0 error bars are
shown in Fig. 17.12 as horizontal lines.
Calculating the χ2 value as:
H(z )

2

χ =

 ( 1+zi − < H0 >)2
i

σi2

,

(16.16)

we get χ2 = 16.491. By 28 degrees of freedom of our data set, it means that
the hypothesis described by Eq. 17.11 cannot be rejected with 95% C.L.
If we use another set of 21 cosmological model-independent measurements
of H(z) based on the diﬀerential age method [21], we get (see Fig. 17.13):
< H0 > ±σ0 = (63.37 ± 4.56) km s−1 M pc−1 .

(16.17)
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The value of χ2 in this case is smaller and equal to 3.948. By 21 degrees
of freedom of this new data set, it means that the hypothesis described by
Eq. 17.11 cannot be rejected with 99.998% C.L.

Figure 16.13: The ratio H(z)/(1 + z) ± σ and the weighted value of the
Hubble constant < H0 > ±σ0 (horizontal lines). Observed values of the
Hubble parameter H(z) are taken from [21].
Some authors try in a frame of models of expanding universe to ﬁnd
deceleration-acceleration transition redshifts using the same data set (for
example, [19]). The above conclusion that the ratio H(z)/(1 + z) remains
statistically constant in the available range of redshifts is model-independent.
For the considered model, it is an additional fact against dark energy as an
admissible alternative to the graviton background.

16.5.4

The Alcock-Paczynski test of this model

The Alcock-Paczynski cosmological test consists in an evaluation of the ratio
of observed angular size to radial/redshift size [22]. Recently, this test has
been carried out for a few cosmological models by Fulvio Melia and Martin
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Lopez-Corredoira [23]. They used new model-independent data on BAO peak
positions from [24] and [25]. For two mean values of z (< z >= 0.57 and
< z >= 2.34), the measured angular-diameter distance dA (z) and Hubble
parameter H(z) give for the observed characteristic ratio yobs (z) of this test
the values: yobs (0.57) = 1.264 ± 0.056 and yobs (2.34) = 1.706 ± 0.076. In this
model we have: dcom (z) = dA (z) = r(z), where dcom (z) is the cosmological
comoving distance. Because the Universe is static here, the ratio y(z) for
this model is deﬁned as:
y(z) =

r(z) · H(z)
r(z)
1
=
= (1 + ) · ln(1 + z),
d
cz
z
z · dz r(z)

(16.18)

where H(z) is deﬁned by Eq. 17.10. This function without free parameters
characterizes any tired light model (model 6 in [23]). We have only two
observational points to ﬁt them with this function. Calculating the χ2 value
as:
 (yobs (zi ) − y(zi ))2
2
χ =
,
(16.19)
σi2
we get χ2 = 0.189, that corresponds to the conﬁdence level of 91% for two
degrees of freedom.

16.6

Conclusion

As it is shown above, the Hubble diagram of supernovae 1a, GRBs and
quasars being corrected for no time dilation, the Hubble parameter H(z)
and the ratio of observed angular size to radial/redshift size are well ﬁtted in
this model. The Hubble diagram for GRBs may diﬀer in the model from the
diagram for SNe 1a, and some signs of this diﬀerence are seen, perhaps, in the
case of the 44 long GRBs data set. In the model, space-time is ﬂat, and the
geometrical distance as a function of the redshift coincides with the angular
diameter distance. Given that a galaxy number density is constant in the noevolution scenario, theoretical predictions for galaxy number counts in this
model have been found using only the luminosity and geometrical distances
deﬁned by Eqs. 17.1, 17.2 [26]. The geometrical distance r(z) of this model
is very diﬀerent from the one of the standard model; for example, GRB
090429B with z = 9.4 [27] took place 24.6 Gyr ago in a frame of this model;
the age of the Universe of the standard model: ∼ 13.5 Gyr corrseponds here
to z  2.6.
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At present this model is not a full cosmological one; it is necessary to
develop many open problems to bring it closer to the pursuable completeness.
But even now it has interesting advantages: the model’s parameters H0 and
b are computable; there is not any need in dark energy (and in the Bing
Bang, inﬂation, expansion).
I am grateful to the authors of the paper [16] for the binned quasar data
set which I have received by my request.
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Chapter 17
Modiﬁed dynamics due to
forehead collisions of bodies
with gravitons: Numerical
modeling
by Michael A. Ivanov, Adelya S. Narkevich, and Polina S. Shenets
1

The numerical modeling of a non-relativistic modiﬁcation of dynamics
due to forehead collisions of bodies with gravitons in the model of low-energy
quantum gravity is performed. We have found too big instability of trajectories in the central ﬁeld by the anomalous deceleration w  −H0 c. Perhaps,
the most probable source of that may be backhead collisions of bodies with
gravitons, not taken into account in this model up to now.

17.1

Introduction

An existence of dark matter in clusters of galaxies and in spiral galaxies, as
well as its need to ﬁt observations of remote Supernovae Ia, are accepted
by the scientiﬁc community as a proven fact [1]. However, a possibility of
an alternative explanation of corresponding observations remains, mainly in
1

[http://vixra.org/pdf/1706.0427v1.pdf]
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the direction of modiﬁcations of gravitational physics. This possibility has
a remarkable example of simple and partly successful (to ﬁt ﬂat rotation
curves of spiral galaxies) model: MOND by Mordehai Milgrom [2]. This
model diﬀers from Newton’s gravity if the gravitational acceleration is less
than some a0 ∼ 10−10 m/s2 . It is important that somewhy a0 ∼ H0 c, where c
is the light velocity and H0 is the Hubble constant. MOND does not concern
the problem of dark energy.
The model of low-energy quantum gravity [1, 4] predicts small additional
eﬀects which may lead to a new approach to cosmology. As it has been
shown in [5], the model ﬁts the observational data sets of remote objects
very well without dark energy and cosmological dark matter. It forces to
think about a chance to ﬁnd some tie between this model and the missing
mass problem. In the model, every massive body with a non-zero velocity
relative to the isotropic graviton background should experience a constant
deceleration of the order of H0 c. This deceleration is considered in this
paper as a tentative cause of non-classical motion of bodies by very small
gravitational accelerations.

17.2

Modiﬁed dynamics in the graviton background

In the model [1, 4], the deceleration of massive bodies and the redshift of
remote objects have the same nature: these eﬀects are caused by forehead
collisions with gravitons of the low-temperature graviton background. Due
to only forehead collisions with gravitons, the deceleration of massive bodies
in this model is equal to:
w = −H0 c(1 − V 2 /c2 ),

(17.1)

where V is a body’s velocity relative to the graviton background [4]. For
small velocities: w  −H0 c. Using the theoretical value of H0 in this model:
H0 = 2.14 · 10−18 s−1 , we have: w  6.42 · 10−10 m/s2 . This deceleration is
universal, and the Newtonian equation of motion of a material point with a
mass m should be replaced with the following one:
mr̈ = F − mw ·

V
,
V

(17.2)
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where F is a classical net force acting on the point. In a gravitationally bound
system of two bodies with very diﬀerent masses, if we consider a motion of a
smaller body (a material point) relative to its more massive partner with a
velocity v, it is necessary to take into account the force of inertia if the system
moves relative to the graviton background. In the Newtonian approach, if u
is a more massive body’s velocity relative to the background, M is its mass,
and V = v + u is the velocity of the small body relative to the graviton
background, we will have the following equation of motion of the small body:
r̈ = −G

u
v+u
M r
· + w( −
),
2
r r
u |v+u|

(17.3)

where r is a radius-vector of the small body, G is Newton’s constant. Here
.
the force of inertia is equal to: mw · u
u
This equation should have classical (or almost classical) solutions in the
limit case: GM/r2  w. Another limit case is realized by the conditions:
GM/r2  w and u/u − v + u/| v + u | → 0 (when v strives to coincide in
direction with u ); then a solution is: v → const. A planar motion will take
place by the condition: three vectors r, v, u should lay in one plane at an
initial moment of time. This case is considered here.

17.3

A numerical solution of the equation of
motion of a material point in the central
ﬁeld

To solve Eq.(18.3) numerically, we can use the following recurrent equations:
r(t + Δt) = r(t) + v(t) · Δt + a(t) · Δt2 /2,
v(t + Δt) = v(t) + a(t) · Δt, (17.4)
M
u
v(t + Δt) + u
a(t + Δt) = −G 3
· r(t + Δt) + w( −
),
r (t + Δt)
u | v(t + Δt) + u |
where we denote: a ≡ r̈, and Δt is the time diﬀerence. We suppose here that
u  const; it means that our two-body system is not closed.
A program in C++ realizing algorithm (4) has been written by two of us
(A.N. and P.S.) to model the planar motion in the central ﬁeld. We usually
choose Δt as: Δt = 10−6 T /p, where T is a period of motion in the classical
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case of a circular trajectory by the given initial distance to the center, p is an
integer number. But to verify an absence of artifacts due to the discreteness,
we also have used another version with Δt → Δt · (r(t)/r(0))1.5 . Parameters
of 1 from every 10000 trajectory points are written into data ﬁles to build
graphics later in MathCad.

Figure 17.1: A star orbit in a galaxy with M = 1010 · M by u = 5 · 105 m/s
and r(0) = 1 kpc.

17.4

A motion in the central ﬁeld by an initial velocity v(0) = (G · M/r(0))0.5

Let us consider the initial conditions by which a material point trajectory in
the classical case is circular, i.e. v(0) = (G · M/r(0))0.5 , and v(0) ⊥ r(0).
To evaluate computational errors, we have found solutions of Eq.(18.3) by
w = 0 using diﬀerent values of Δt. For one classical period T , the relative
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error Δr/r(0) is equal to: +1.184 · 10−5 by Δt = 10−7 · T, and +1.579 · 10−7
by Δt = 10−9 · T, while Δv/v(0) is equal to: −5.87 · 10−6 by Δt = 10−7 · T,
and −7.896 · 10−8 by Δt = 10−9 · T.

Figure 17.2: The graph of v(r) for the star orbit in a galaxy with M =
1010 · M by u = 5 · 105 m/s and r(0) = 1 kpc (solid line). For comparison,
the graph of v0 (r) ≡ (G · M/r)0.5 is shown (dashed line).
Our second task was to evaluate a stability of planetary orbits in the
solar system in a presence of the anomalous deceleration w. We have chosen
u = 2 · 105 m/s. In a case of the Earth-like circular orbit, i.e. by M = M ,
r(0) = 1 AU, we get by w = H0 c for the same time: Δr/r(0) = +5.645 · 10−8
and Δv/v(0) = −2.822 · 10−8 by Δt = 10−9 · T. It means that the Earth orbit
by w = H0 c would be unstable, and its radius should change on Δr/r(0) 
10−7 per year. This result contradicts to the estimated age of the solar
system.
To consider a behavior of star orbits in a galaxy, we have chosen u = 5·105
m/s, and M = 1010 · M . If r(0) = 1 kpc, we get an orbit shown in Fig. 18.1,
the graph of v(r) is shown in Fig. 18.2; the vector u is parallel to the
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Figure 17.3: A star orbit in a galaxy with M = 1010 · M by u = 5 · 105 m/s
and r(0) = 100 kpc for the case of w = 10−4 · H0 c; t = 300 Gyr, the ﬁrst
unclosed external loop corresponds to 27.6 Gyr.
horizontal axis. A full time of motion is equal to 3.3 · T. In this case, the
ratio a(0)/w is equal to 2.17. We see that the star inspirals to the center
quickly (by these conditions, we have: T  3 · 107 years). It should lead to
the instability of galaxies, too. It is impossible to trace the trajectory in Fig.
18.1 further because v → c in the nearest to the center its points, and Eq.
18.3 is not valid here.
Taking into account the found instability, let us consider now w to be
a free parameter to evaluate an order of its magnitude leading to stable
enough trajectories on both considered scales. To have Δr/r(0)  10−11 per
year for the Earth-like orbit, or Δr/r(0)  0.045 per 4.5 billion years, we
should choose: w = 10−4 · H0 c. Then on the galactic scale we will have:
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Δr/r(0)  ±0.005 per 6 billion years by r(0) = 1 kpc, u = 5 · 105 m/s. For
r(0) = 100 kpc, the trajectory is shown in Fig. 18.3; the full time t = 300
Gyr, the ﬁrst unclosed external loop corresponds to 27.6 Gyr. On both scales,
the instability is acceptable by this value of w.

17.5

Conclusion

Our numerical study of a modiﬁcation of dynamics due to only forehead
collisions of bodies with gravitons has shown that on planetary and galactic scales trajectories of bodies are too unstable. It is necessary to do a
theoretical re-analysis of the interaction of massive bodies with gravitons in
this model to understand why this anomalous acceleration should be much
smaller than the value of H0 c to be consistent with observations. The most
probable source of that, in our opinion, may be backhead collisions of bodies
with gravitons which were not taken into account earlier.
Even by much smaller values of w, trajectories of bodies stay unclosed,
but their stability become much higher. From our current results we do not
see some connection of this modiﬁcation of dynamics with the problem of
dark matter on the galactic scale. In some parts of trajectories, velocities
are higher than classical ones on circular orbits, but not essentially, and the
ones do not have a deﬁnite limit by big distances to the center of the galaxy.
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Chapter 18
Deceleration of massive bodies
due to forehead and backhead
collisions with gravitons
1

The additional deceleration of massive bodies in the model of low-energy
quantum gravity due to forehead and backhead collisions with gravitons is
re-calculated in this note. It is shown that this deceleration w is equal to:
w = −H0 c · 4v 2 /c2 · (1 − v 2 /c2 )0.5 , where H0 is the Hubble constant, c is the
velocity of light, v is the body’s velocity relative to the background.

18.1

Introduction

In the model of low-energy quantum gravity by the author which is based on
the conjecture of an existence of the graviton background with the average
graviton energy of the order of 10−3 eV [1], redshifts of remote objects and
the additional dimming of them may be interpreted without any expansion of
the Universe [2]. Also in the model we have for the Hubble parameter H(z) :
H(z) = H0 · (1 + z), where H0 is the Hubble constant, z is the redshift; this
dependence ﬁts observational data of H(z) with high probability [2].
Due to forehead collisions of a massive body with gravitons, the body
1
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acceleration w by a non-zero velocity v had been found [1] to be equal to:
w = −cH0 (1 − v 2 /c2 ),

(18.1)

where c is the velocity of light. The value of w by small velocities: |w| 
Hc = 6.419 · 10−10 m/s2 has the same order of magnitude as a value of the
observed additional acceleration (8.74 ± 1.33) · 10−10 m/s2 for NASA probes
(the Pioneer anomaly) [3], and it seemed to me that this eﬀect namely of
such the magnitude may explain the Pioneer anomaly. But recently it was
shown in [4] that this value is too large to provide, for example, the observed
stability of the Earth-like orbit. Here I would like to re-analyze this problem.

18.2

Forehead and backhead collisions of a
body with gravitons

Dependence (19.1) has been gotten starting from the equation:
dE = −(H0 /c)Edr,

(18.2)

describing average energy losses of a photon (or a body, as it was supposed
in [1]) with an energy E on a way dr. While for a photon its momentum p
and energy E are proportional, for massive bodies it is not so. A transferred
quantity by collisions is the momentum, and we should express its diﬀerential
dp before calculations of the body deceleration:
dp = −(H0 /c2 )Edr.

(18.3)

Besides of forehead collisions, the body should also experience backhead collisions with gravitons; it means that for massive bodies we can write the
following similar expression:
dp = −(H0f /c2 − H0b /c2 )Edr,

(18.4)

where H0f and H0b correspond to forehead and backhead collisions with
gravitons. This equation is written in the CMB frame K, in which the CMB
is isotropic - in the sense that deviations from the isotropy cannot be made
smaller in any other frame. We shall use here also the rest frame of the body

K , which moves relatively K with the velocity v.
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The Doppler eﬀect should lead to the diﬀerent values of energies of gravi
tons which are incident from the front and from the back in K . We can ﬁnd



the diﬀerence of H0f and H0b in K and re-calculate it for K. So as H0f , H0b



and H0f , H0b have the same dimensions as Δt−1 and Δt −1 , where Δt and

Δt are the time intervals between two events in these frames, we have:




H0f − H0b = (H0f − H0b ) · (1 − η 2 )0.5 ,

(18.5)

where η ≡ v/c.


If κ ≡  / is the ratio of new and old (in K and K) energies of gravitons
falling on the body from the front or from the back, and κ is the same for

each graviton, their spectrum f1 () in K may be presented as:
f1 () = f (/κ, T ) = (1/κ3 ) · f (, κT ),
where f (, T ) is the Planck spectrum in K by the temperature T,  is the
graviton energy. This spectrum is a result of the stretching/compression of
the Planck spectrum by the same temperature T along the  axis in κ times.
For gravitons which are incident from the front (κf ) and from the back (κb )

in K , we have:
1 + η 0.5
1 − η 0.5
(18.6)
) , κb = (
) .
κf = (
1−η
1+η
In this model, the Hubble constant is equal to:
1 ∞
1
h̄ωf (ω, T )dω =
D · ¯ · (σT 4 ),
2π 0
2π

H0 =

where D is a constant, ¯ is an average graviton energy, σ is the StephanBoltzmann constant, and  = h̄ω. Replacing f (ω, T ) → f1 (ω), we have:
¯ → κ · ¯, σT 4 → κ · σT 4 . As a result we get:


H0f = κ2f · H0 = H0 · (1 + η/1 − η),


H0b = κ2b · H0 = H0 · (1 − η/1 + η).

(18.7)
(18.8)

Then we can rewrite Eq.(19.4) as:
dp = −(H0 /c2 )(κ2f −κ2b )·(1−η 2 )0.5 Edr = −(H0 /c2 )·4η(1−η 2 )−0.5 Edr. (18.9)
Taking into account that by vw, where w ≡ dv/dt, dp/dt is equal to:
dp/dt = mw · (1 − η 2 )−1.5 ,

(18.10)
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Figure 18.1: The graph of the function g(η).
and E = mc2 · (1 − η 2 )−0.5 , dr = vdt, we get ﬁnally for the deceleration w:
w = −w0 · 4η 2 · (1 − η 2 )0.5 ,

(18.11)

where w0 ≡ H0 c = 6.419 · 10−10 m/s2 , if we use the theoretical value of H0
in the model. For small velocities we have now:
w  −w0 · 4η 2 .

(18.12)

The function g(η) ≡ 4η 2 · (1 − η 2 )0.5 in Eq. (19.11) has the maximum value
of 1.54 by η = (2/3)0.5 = 0.816, i.e. the maximum deceleration is equal to:
|w|max = 1.54 · w0 . The graph of this function is shown in Fig. 19.1. As it
was shown in [4], by |w| ∼ 10−4 · w0 the stability of the Earth-like orbit will
be high enough. By v = 4 · 105 m/s we have now: w  −7 · 10−6 · w0 .

18.3

Conclusion

Found expression (19.12) for the anomalous deceleration of massive bodies in
the case of small velocities should ensure a suﬃcient stability of the Earthlike orbits. It is planned to model numerically a modiﬁcation of dynamics
due to it soon.
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At present, the main conjecture of this approach about the quantum
gravitational nature of redshifts may be veriﬁed in a ground-based laser experiment if advanced LIGO technologies will be partly used [2]. The Hubble
diagram of sources with hard and soft spectra may diﬀer in the model (for
example, the diagram for GRBs may diﬀer from the one for SNe Ia), and
some signs of this diﬀerence are seen, perhaps, in the case of the long GRBs
data set [2].
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