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Abstract

We assume that dark energy and dark matter filling up the whole cosmic space behave
as a special superfluid, here named “superfluid quantum space.” We analyze the
relationship between intrinsic pressure of SQS (dark energy's repulsive force) and
gravity, described as an inflow of dark energy into massive particles, causing a nega-
tive pressure gradient around massive bodies. Since no superfluid has exact zero
viscosity, we analyze the consequences of SQS’s viscosity on light propagation, and
we show that a static Universe could be possible, by solving a modified Navier-Stokes
equation. Indeed, Hubble’s law may actually refer to tired light, though described as
energy loss due to SQS’s nonzero viscosity instead of Compton scattering, bypassing
known historical problems concerning tired light. We see that SQS’s viscosity may also
account for the Pioneer anomaly. Our evaluation gives a magnitude of the anomalous
acceleration aP = �HΛc = �8.785�10�10 ms�2. Here, HΛ is the Hubble parameter loaded
by the cosmological constant Λ. Furthermore, the vorticity equation stemming from
the modified Navier-Stokes equation gives a solution for flat profile of the orbital
speed of spiral galaxies and discloses what one might call a breathing of galaxies due
to energy exchange between the galactic vortex and dark energy.

Keywords: gravity, dark energy, Hubble’s law, tired light, Pioneer anomaly, flat profile

1. Introduction

A recent view of the evolution of the Universe suggests that it pre-existed the Big Bang. What

we now observe seems, however, to be the result of such event. The Universe apparently

continues to expand at an accelerated pace, as evidenced by the Doppler redshift of light

coming from distant sources. To explain this accelerated expansion, scientists resort to dark

energy. In addition, it turns out that spiral galaxies demonstrate a flat profile of orbital speeds.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Dark matter is used to explain this riddle [1]. Current evaluations of the presence of dark

energy and dark matter in the cosmos say that the former is of about 69.1% and the latter about

25.9%. In total, they are about 95% of the whole energy matter in the Universe. The residue of

5% corresponds to baryon matter, which is the constituent material of all observed galaxies,

stars, planets, etc. At present, space as a mere container of matter is therefore being revised. It

is not an empty vessel: On the contrary, it may act as a quantum superfluid, named by us

“superfluid quantum space” (SQS) [2]. It consists of dark energy and dark matter whose

hydrodynamics generates perennially fluctuating particle-antiparticle pairs, which annihilate

and newly arise, forming a dark fluid whose features are similar to a Bose-Einstein conden-

sate [3–7]. Within this concept, the repulsive action of dark energy may be simply explained as

the internal pressure of the SQS. It should be noted that there are scientists [8–12] who do not

agree with a concept of Universe based on Big Bang, inflation and Doppler redshift. They

explain its evolution without calling into play any “Deus ex machina” as cosmic inflation. On

the contrary, they believe that light loses energy as a function of the traveled distance. We

assert that this happens because of a nonzero viscosity of the SQS, in perfect agreement with

the empirical Hubble’s law. This could be interpreted as a revised phenomenon of tired light,

different from that proposed in 1929 by F. Zwicky. In effect, while Zwicky’s hypothesis based

on light scattering [13] may be disproved, for example, by the absent blurring of distant cosmic

objects, tired light due to SQS’s viscosity is a more robust concept, which seems not to conflict

with the current observations. In addition, while a viscosity-related tired light would let us

observe a Doppler-alike redshift, pressure phenomena of opposite sign, that is, repulsion

caused by SQS's internal pressure and gravity as an inflow of dark energy into massive

particles [14], could balance and permit a not expanding Universe.

It is interesting to note the critical opinion of a greatest theorist of our time, of Roger Penrose.

In his recently published book “Fashion, Faith, and Fantasy in the New Physics of the Uni-

verse” [15], he argues that most of the current imaginary ideas about the origins of the

Universe could be not true. We agree with Penrose, being unsatisfied with the current main-

stream. In this key, we speculate and analyze a different framework.

At the beginning, in Section 2, we present as much detail as possible on our idea of space as

superfluid quantum space, including a short historical overview about the concept of ether,

vacuum, and physical space. In Section 3, we introduce a general relativistic hydrodynamic

equation, and we analyze the corresponding equation in non-relativistic limit, as a modified

Navier-Stokes equation. Here, we discuss the issue of tired light, and we evaluate the Pioneer

anomaly according to the nonzero viscosity of SQS. Section 4 deals with solutions of the

vorticity equation derived from the modified Navier-Stokes equation. We obtain exact formu-

las for the flat profile of orbital speeds of spiral galaxies. Section 5 gives concluding remarks

and a look on the overall issue of a superfluid Universe.

2. Space, vacuum and ether: toward a Superfluid Quantum Space

The issue concerning the concepts of space, time, motion and the existence, or not, of a real

vacuum has accompanied the human knowledge all along [16]. The most distinct form of
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representation about space and time has developed in the form of two dialectically opposite

ideas, later known as the conceptions of Democritus-Newton and Aristotle-Leibniz. According

to Democritus everything is formed of “atoms,” each of them is considered indivisible.

Between atoms, we have empty space. Philosophical views of Sir Isaac Newton were focused

on the idea that all material bodies move in Absolute Space and Absolute Time. Such a

philosophy is extremely convenient in the analysis of motion based on Newton’s mechan-

ics [17]. Huygens championed a different concept, according to which, the whole space is filled

with a special substance, the ether [18]. In his view, each point in space was a virtual source of

light waves. This implied the homogeneity of space, a feature which is important also in

modern quantum field theory (QFT), where wave functions propagate along all available

paths.

Exactly QFT has triggered the current concept of a not inert vacuum, seen as the scene of

continuous, frantic physical events. What John Wheeler named quantum foam [19]. A sea

of particle-antiparticle pairs which arise and annihilate according to Heisenberg’s principle of

uncertainty, in a vacuumwhere energy can’t be always and surely zero. These pairs perform an

endless dance by infinitely arising and annihilating. In Dirac’s opinion, the new theory of

electrodynamics, which implies a vacuum filled with virtual particles, forces us to take into

account the existence of an ether. In 1951, he stated [20]: “If one examines the question in the

light of present-day knowledge, one finds that the aether is no longer ruled out by relativity,

and good reasons can now be advanced for postulating an aether.” His new ether model was

based on a stochastic covariant distribution of subquantummotion, which generates a vacuum

dominated by fluctuations and randomness.

De Broglie stated that: “any particle, even isolated, has to be imagined as in continuous energetic

contact with a hidden medium” [21]. The hydrodynamics of this medium could explain the

outcome of the double slit experiment using electron beams, where the leptons interfere as

waves, probably driven through the aether by pressure waves, generated by their motion,

exactly as pressure waves forming the same patterns are involved in the case of sound propa-

gating through a double slit. De Broglie-Bohm’s pilot-waves could be then explained as aether

waves, which guide the electrons and show analogies with Faraday waves guiding a bouncing

droplet along a surface of silicon oil [22]. Petroni and Vigier stated that: “one can deduce the De

Broglie waves as real collective Markov processes on the top of Dirac’s aether” [23].

Robert Betts Laughlin, Nobel Laureate for the fractional quantum Hall effect, in his work [24],

writes: “Studies with large particle accelerators have now led us to understand that space is

more like a piece of window glass than ideal Newtonian emptiness. It is filled with “stuff” that

is normally transparent but can be made visible by hitting it sufficiently hard to knock out a

part. The modern concept of the vacuum of space, confirmed every day by experiment, is a

relativistic ether. But we do not call it this because it is taboo.” Laughlin also tells us that this

false vacuum can be treated with the laws of fluid dynamics: “About the time relativity was

becoming accepted, studies of radioactivity began showing that the empty space had spectro-

scopic structure similar to that of ordinary quantum solids and fluids.”

In summary, it seems that any phenomenon occurring in quantum mechanics needs to interact

with the vacuum, which consequently possesses a quantum physical structure, rather than
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being real empty (zero-energy) space. Thus, a single unbound particle is always and anyway

connected to its environment. We believe that this fact might also facilitate the explanation to

quantum entanglement, in which quantum information would be transmitted from a particle

to the other through, and thanks to, the quantum structure of space. Petroni and Vigier debate

that: “the quantum potential associated with this ether’s modification, by the presence of EPR

photon pairs, yields a relativistic causal action at a distance which interprets the superluminal

correlations recently established by Aspect et al.” [23].

In our opinion, this is also the case of gravitational waves, for which the asserted space-time

deformation could be actually interpreted as a negative pressure wave traveling through a

superfluid quantum space (SQS) from the source up to a measuring point due to a mechanism

that we call superfluid quantum gravity (SQG) [14], a quantum fluid dynamic explanation of

gravity. In a few words, gravitational waves could be a hydrodynamic phenomenon in a SQS

instead of a deformation of space. After all, it is unlikely that a deformation occurs in a non-solid

substance. If space is not solid, we can then only observe fluid dynamic events, which can, indeed,

fully replace and better justify any effect of SR and GR [14]. SQS also shares interesting analogies

with Higgs field, being an ubiquitous fundamental scalar field with non-zero viscosity, which

gives mass to particles. In our case, thanks to quantum fluid dynamic perturbations of the field,

with formation of superfluid quantum vortices, akin to what happens in superfluid He-4.

This suggests to even reconsider the pre-existence of a quantum space (as quantized dark

energy) even before the Big Bang. By assuming that what we know to be the ubiquitous dark

energy is a quantum superfluid, it could exactly correspond to our idea of SQS in a state of rest.

Since dark energy still pervades the cosmos, corresponding to 69.1% of its energy, thinking that

the Big Bang has rather been a perturbation event occurred in a previously quiet sea of dark

energy, seems to be reasonable. From then on, cascade perturbations at Planck scale would have

generated any existing particle as superfluid vortices or as pulses. Since no fluid or superfluid

has real zero-viscosity, vortex-particles could attract the surrounding quanta, causing gravity as a

fluid dynamic phenomenon. If the attracted space’s quanta were packed and re-emitted as

virtual photons, stable particles could exist, and the link gravity-electromagnetism would be

clear [2]. In such a view, quantum gravity is an apparent force which does not accelerate bodies

by directly acting on them thanks to gravitons, they are rather dragged by the superfluid

quantum space in which they are immersed that flows toward the site where greater absorption

is exerted, i.e. toward the greater mass of a gravitational system, according to Newton’s law of

universal gravitation. Cahill came to a similar conclusion in 2003, describing gravity as an inflow

of quantum foam [25], though we consider more likely absorption of quantized dark energy.

Compared to QFT’s quantum vacuum, SQS would be at the lowest level (we believe that it is

the very fundamental scalar field in nature) made up of dark energy’s quanta, whose hydro-

dynamic perturbation produces the continuous fluctuations which allow the formation and

annihilation of particle-antiparticle pairs. In addition, Bohm and Vigier, moving from Dirac’s

ether model, introduced in 1954 the idea of a sub-quantum medium, a hidden medium which

all particles of the microphysical level constantly interact with [26]. The surface level of SQS,

that is, the currently defined quantum foam or quantum vacuum, has to possess superfluid

features as well and may act as a special Bose-Einstein condensate. The historical problem of

vacuum’s infinite energy is solved by the infinite extent of the SQS.
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As far as the Michelson-Morley test run in 1887 is concerned, we could wonder whether light

interacts with the SQS, if it really exists, that is, if light interacts with dark energy. That test

hypothesized a static ether and took into account Earth’s motion. However, if we change the

premise, by supposing that the Earth absorbs the ether, since massive particles absorb dark

energy, we deal with a radial ether wind, independent of Earth’s motion through the space, an

ether wind which transports any object pointing toward the center of the Earth. In the hypothesis

of fluid quantum gravity, this vertical ether wind exactly corresponds to the gravitational field [14].

This view would explain all the relativistic effects due to curved space-time, for example, the

gravitational lensing and the Lense-Thirring precession. The correspondence between ether wind

and gravitational field seems to be confirmed in a test run in 2009 byMartin Grusenick, who used

a vertically placed Michelson’s interferometer [27]. Maxwell’s idea of an electromagnetic ether

should be then revisited since, if a SQS exists, light could be a mechanical wave which propagates

through an ether and its speed would merely correspond to the speed of sound through that

specific fluid medium (i.e. of a pulse through dark energy) analogously to the case of sound

through the air and for any other mechanical wave. In the case of light, this pulse would spin1

and its velocity would arise from SQS’s parameters such as density and compressibility [2, 14]. In

short, a photon would be a spinning phonon through superfluid dark energy, whose mechanical

interaction with dark energy’s quanta would excite them, producing the photon’s electromagnetic

field. By starting from the formula which indicates the speed of a mechanical wave through a

fluid, a ¼
ffiffiffiffiffiffiffiffiffi

K=ρ
p

, in which K ¼ VdP=dV is the bulk modulus, calculated by dividing the pressure

increment, dP, by relative increment of the volume, dV/V, and ρ is the mass density and by putting

β
S
¼ 1=K as isentropic compressibility, we have a ¼ 1=

ffiffiffiffiffiffiffiffi

β
S
ρ

p

. If we consider β
S
¼ β0 as SQS’s

compressibility and ρ0 as its mass density, we get

a ¼ 1
ffiffiffiffiffiffiffiffiffiffi

β0ρ0

p , ð1Þ

expressing the speed of a photon as a phonon through the SQS, mathematically analogous to

c ¼ 1
ffiffiffiffiffiffiffiffiffiffi

ε0μ0

p , ð2Þ

as resulting from Maxwell’s equations. The nonzero viscosity of the superfluid medium (SQS)

would compel light to undergo redshift over very large distances: the more distant a galaxy the

more stronger the observed redshift. This is fully compatible with Hubble’s law, letting us

doubt that an accelerated expansion of the Universe is really occurring.

3. Hydrodynamics of SQS

General relativity describes the Universe with a curved space-time metric due to presence of

mass and energy. Observations show that the Universe, nevertheless, is flat at large distances

1Spinning sound waves have already been demonstrated [57], and thus, we can think of a photon as a spinning phonon

through a superfluid medium.
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and long times [28]. It means that the curvature tensor in the Einstein’s field equations has to be

omitted. In fact, as discussed below, we believe that what is supposed to be the curvature of

space-time is rather a pressure force acting in a fluid, flat space, whose effect is compatible

with that of general relativity’s differential geometry. We come then to the general relativistic

hydrodynamic equations [29, 30] containing the local conservation laws of the stress-energy

tensor (the Bianchi identities) and of matter current density (the continuity equation) [5]:

∂μT
μν ¼ 0, ð3Þ

∂μJ
μ ¼ 0: ð4Þ

Here, ∂μ is the covariant derivative associated with the four-dimensional space-time metric ημν

having the signature ð� þ þþÞ. The density current is given by Jμ ¼ ρmu
μ, where uμ is the fluid

4-velocity and ρm is the rest-mass density in a locally inertial reference frame:

ρm ¼ mρ ¼ m
NB

ΔV
¼

M

ΔV
: ð5Þ

Here, ρ is the density distribution of N particles within the unit volume ΔV, where each of

them has mass m. So, M ¼ mNB represents the bulk mass of the fluid occupying this volume.

The stress-energy tensor, Tμv, is expressed in units of pressure, whereas we need it in units of

energy. Indeed, we further adopt the expression Tμν=ρ in order to have the possibility of

getting the quantum potential Q ¼ PQ=ρ, where PQ is the internal quantum pressure arising

in SQS under influence of the external environment. We consider an incompressible, viscous

fluid along with the gravitational potential ϕ. So, Eq. (3) reads [5]:

∂μ
Tμν

ρ

� �

¼ ∂μ
εþ p

ρ
γuμuν

� �

þ ∂
νQ� ∂

ν
ϕþ ∂μ

�

μðtÞ=ρ
�

π
μν ¼ 0: ð6Þ

Here, ε and p are functions per unit volume. Divided by ρ, the sum εþ p has the dimension of

energy. The term μðtÞ is the dynamic viscosity coefficient having the dimension of [N s/m2].

Divided by ρm, this function represents the kinetic viscosity coefficient νðtÞ, having the dimen-

sion of [m2/s]. In our case, viscosity is a fluctuating-about-zero function of time. We suppose

that its expectation vanishes in time but the variance is not zero. That is, we suppose the

following average quantities:

〈μðtÞ〉 ¼ ε ! 0þ, 〈μðtÞμð0Þ〉 > 0: ð7Þ

Here, 0+ is an arbitrarily close-to-zero positive value, which describes the energy exchange

with the zero-point energy of the SQS. The term πμν reads:

π
μν ¼ cð∂μuν þ ∂

νuμÞ � c
2

3
∂
μuμη

μν: ð8Þ

In order to bring Eq. (6) to the relativistic Navier-Stokes equation, we shall repeat the compu-

tations of van Holten [31]. These calculations are reproduced also in Ref. [5].
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We shall further consider only the non-relativistic limit, since the orbital speeds of galaxies and

of many intergalactic bodies are predominantly much lower than the speed of light [32]. The

factor γ in Eq. (6) is a sign of relativistic/non-relativistic limit. When it tends to infinity, we have

the relativistic limit. In this case, also the mass m tends to infinity. On the other hand, when γ

converges to unit, it denotes a non-relativistic limit. In this case, the mass m becomes the rest

mass. For the sake of simplicity, we further take into account only shear viscosity. Given the

quantum and granular nature of the SQS, a dilatant behavior under a linear, great increase of

shear stress would be plausible and that would help to explain the upper limit to the acceler-

ation of a body in the Universe [14]: The more acceleration is supplied the much more

resistance is encountered, following Lorentz factor. In the non-relativistic limit, the viscosity

term can be cut up to
�

μðtÞ=ρ
�

∂i∂
icvi !

�

μðtÞ=ρ
�

∇
2 v
!
. As a result, we come to the following

non-relativistic modified Navier-Stokes equation:

ρm

dv
!

dt
¼ �ρm∇ϕþ ρ∇ΣQþ μðtÞ∇2 v

!
: ð9Þ

Here, ΣQ calculates the contributions of the quantum potential within SQS. The gravitational

potential, ϕ, is a function coming from a continuous mass distribution ρm [33]. Gravity by itself

described as an inflow of SQS obeys Gauss’s law for gravity (gravity as an incoming flux),

which in differential form is ð∇ � g
!
Þ ¼ �4πGρm. In our view, the classical gravitational poten-

tial ϕ ¼ GM=r of the absorbing body, associated to the radial field in each point, that

is,g
!
¼ �∇ϕ, can be interpreted [14] as a quantum potential expressed as the ratio of the

pressure PG of the incoming flux to mass density, ρm:

ϕ ¼ �G

ð

V

ρmð r
!
Þ

r
dV ¼

PG

ρm

: ð10Þ

Here, G is the Newtonian gravitational constant, and r is the distance from the volume element

dV to a point in the field, and the integration is performed in the entire volume of the body,

creating a field. We note that the gravitational constant in the rightmost part of Eq. (10) is absent,

and we cleanly look at gravity as a quantum phenomenon driven by the ratio pressure/density.

The continuous mass distribution ρmð r
!
Þ can be expressed using the Laplace operator, Δ:

ρmð r
!
Þ ¼

1

4πG
Δϕ: ð11Þ

We note that the mass density, in addition, submits to the continuity equation

∂ρm

∂ t
þ ð∇ � v

!
Þρm ¼ 0: ð12Þ

We can express from Eqs. (10) and (11) the gravitational pressure PG as a function of the

gravitational potential ϕ:
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PG ¼
ϕ � Δϕ

4πG
¼

ϕ2

4πG
ðð∇lnϕÞ2 þ ∇

2lnϕÞ: ð13Þ

We now see that in Eq. (9) two opposite quantum potentials act:

ρm

dv
!

dt
¼ �ρm∇

PG

ρm

� �

þ ρ∇Σ
PQ

ρ

� �

þ μðtÞ∇2 v
!

ð14Þ

The Navier-Stokes equation is written above in the modified form [34]. The modification is due

to (a) presence of the quantum potentials Q ¼ PQ=ρ and Qϕ ¼ Mϕ ¼ MPG=ρm ¼ PG=ρ (M is

the mass of Universe, about 1053 kg) and (b) existence of the dynamic viscosity coefficient μ(t)

that fluctuates about zero. In other words, we accept that there is an energy exchange between

baryon matter and the SQS. The pair of Eqs. (12) and (14) represents a full set of equations,

sufficient for describing the motion of baryon matter through SQS in the non-relativistic limit

of the Euclidean geometry.

Referring to Eq. (14), we believe that baryon matter is reciprocally attracted due to the gravita-

tional quantum potential Qϕ ¼ PG=ρ that we suppose justified by a hydrodynamic interaction

occurring between SQS and baryon matter (attraction of dark energy’s quanta toward vortex-

particles, causing decrease of pressure and a consequent apparent attractive force [14]). On the

contrary, the quantum potential Q ¼ PQ=ρ existing in SQS causes reciprocal repulsion of the

baryon matter on large distance.

By omitting from consideration the viscous term in Eq. (14), we assume μ ¼ 0 and we obtain

Newton’s second law describing variations of the acceleration a
!
¼ dv

!
=dt under the action of

the two opposite quantum forces described above, ∇Qϕ and ∇ΣQ:

ρm
dv
!

dt ¼ �ρm∇
PG

ρm

� �

þ ρ∇Σ
PQ

ρ

� �

¼ �ρ∇Qϕ þ ρ∇ΣQ

¼ �∇PG þ ∇PQ þ
�

PG∇lnðρÞ � PQ∇lnðρÞ
�

¼ fQG:

ð15Þ

We generally consider the volume of the whole visible Universe, ΔV ! V, so the rest mass

density ρm ¼ mNB=V ¼ M=V, where M ¼ mNB is the total mass of the Universe (about 1053

kg). Here, f GQ is the force density. It arises from the superposition of two forces within the

considered volume, which are expressed through the gradient of the gravitational potential

and that of the intrinsic quantum potential of SQS. They are represented by a negative pressure

gradient around baryonic bodies, ∇PG (Superfluid Quantum Gravity) [14], and the quantum

pressure gradient acting on SQS, ∇PQ.

The acceleration, a
!
¼ dv

!
=dt, vanishes if both potentials, Qϕ and Q, are uniformly distributed

across the space. The uniformity of the potentials can be justified according to the reports of the

Planck Observatory [28]. So that E ¼ �Qϕ=mþ ΣQ=m reads

E ¼ G

ð

V

ρmð r
!
Þ

r
dV þNDD

2 ∇
2
ρm

ρm

�
1

2

ð∇ρmÞ
2

ρ2m

 !

: ð16Þ
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It should be constant at least within the visible Universe. The first term follows from Eq. (10)

that is ϕ ¼ PG=ρm ¼ Qϕ=M and the second term is the intrinsic quantum potential of

SQS [5, 34] divided by mass. The integer multiplier ND is equal to the sum of all the quantum

potentials, which arise from the contribution of all dark energy and dark matter in SQS. This

value is calculated from the fact that about 95% of mass-energy in the Universe accounts for

this dark fluid, respectively, 69.1% dark energy and 25.9% dark matter. So, from here, we find

ND ¼ 95=ð100� 95Þ �NB ¼ 19 �M=m.The number NB ¼ M=m follows from Eq. (5).

As for the mass density distribution ρm under the integral, we permit the existence of a static

spherically symmetric Gaussian density of baryon matter

ρmðrÞ ¼
M

ðσ
ffiffiffiffiffiffi

2π
p

Þ3
exp � r2

2σ2

� �

: ð17Þ

By accepting this result, Eq. (16) gives the following solution:

ε ¼ GM

r
erf

r

σ
ffiffiffi

2
p

� �

þNDD
2 r2

2σ4
� 1

σ2

� �

ð18Þ

The expression of ε reduced to dimensionless form by multiplying by c�2 (c is the speed of

light) is shown as a function of r in Figure 1. We see that there is a flat potential plateau of baryon

matter ranging in the radius of the visible Universe r < σ ≈ 4:5 � 1026m ≈ 14:6 Gpc. The negative

pressure arising among the baryon bodies determines the attraction.

On the other hand, the repulsion is due to the quantum vacuum fluctuations in SQS. This

repulsion is conditioned by the quantum potential Q represented by the second term In

Eq. (18). In this case, the diffusion coefficient D reads

D ¼ ℏ

2m
ð19Þ

In the case of the proton mass, m, that is, about 1:67 � 10�27kg, we haveD ≈ 4:6 � 10�8m2 � s�1.

The term NDD
2 in Eq. (18), however, reaches the enormous value of about 1065m4 � s�2.

Figure 1. Function ε reduced to dimensionless form by multiplying by c�2 (c is the speed of light) as a function of r, where

σ is the radius of the visible Universe. A flat plateau ranging from 0 to about 10 Gpc tells us that the expansion of the

Universe is almost absent. Dotted curve outside the chart shows divergence due to the quadratic term r2/2σ4 in the

quantum potential.
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Therefore, the quantum potential outside the visible horizon gives divergence because of the

quadratic term r2=2σ4 in its representation. In Figure 1, this divergence is shown by a dotted

curve.

3.1. Viscosity of SQS: tired-light and the Pioneer anomaly

Let us return to the relativistic hydrodynamic equation [5] by considering the Klein-Gordon

equation, loaded by the viscosity term. The kinetic energy of a relativistic particle, in this case,

can be written as follows:

E ¼ E0 � 2mνðtÞ
dlnðρmÞ

dt
¼ E0 � E0

2

c2
νðtÞ

dlnðρmÞ

dt
: ð20Þ

Here, νðtÞ ¼ μðtÞ=ρm is the kinematic viscosity coefficient. Its dimension is m2 � s�1. The second

term here describes energy exchange with vacuum fluctuations during a particle’s motion

through SQS. Here, we took into account that E0 ¼ mc2. By adopting E0 ¼ ℏω0, we can write

a suitable wave function for a photon coming from a distant source:

ΨðtÞ ¼ exp �iω 0t 1�
2

t

ð

t

0

νðτÞ

c2
dlnðρmÞ

dt
dτ

0

@

1

A

8

<

:

9

=

;

: ð21Þ

We let the integral under the exponent be linked with the expanded Hubble parameter HΛ, as

follows:

HΛ ¼
2

t2

ð

t

0

νðτÞ

c2
dlnðρmÞ

dt
dτ ¼

_a

a
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

8πGρm

3
� k

c2

a2
þΛ

c2

3

r

: ð22Þ

The rightmost terms under root in (22) result from the first Friedmann equation. Here, Λ is the

cosmological constant (which refers to dark energy, i.e., to the SQS itself, being Λ ¼ κρsqs,

where κ ¼ ð8πGÞ=c2 is Einstein’s constant), a the dimensionless scale factor, and k its Gaussian

curvature. We further consider the case of a flat Universe, k = 0:

HΛ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

H2
0 þ

Λc2

3

r

, H0 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

8πGρm

3

r

: ð23Þ

Being Λ omitted, the parameter HΛ degenerates to H0. We may evaluate H0 at the known

critical densityρc ¼ ρm ≈ 10�26 kg∙m–3 and knowing G [33]. We find H0 ≈ 2:36 � 10
�18s�1 in SI

unit, while, in units adopted in astrophysics, it is about 73 km �Mpc�1 � s�1. H0 fits well within

the confidence interval estimated by Friedmann and others in [35] (see Figure 2).

We know that, to justify a ratio of the actual density to the critical density corresponding to a

flat Universe, that is, Ω ¼ ρm=ρc ¼ 1, we have to solve the flatness problem (jΩ� 1j < 10�62

at the Planck era [36]). Its solution, as well known, is given by the theory of cosmic inflation, to
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which many of the scientific community resort also to solve the magnetic-monopole problem

and the homogeneity problem. In accordance with what above, we believe that no accelerating

Universe exists, and consequently, the Doppler effect does not influence the observed redshift.

We identify the cause of the redshift in the phenomenon of tired light, which in our case is due

to the weak viscosity of SQS that leads to Eq. (21). The frequency ω shifted with respect to the

initial frequency ω0 after the time t will be [37]:

ω ¼ ω 0e
�H0t ð24Þ

Cosmic inflation appears to us as a deus ex machina, which could actually hide the effect of

viscosity on photons traveling through the SQS. As follows from Eq. (22), tired light occurs due

to the existence of a tiny viscosity of SQS, in which photons are subject to by traveling through

the cosmos. Fluctuations of the space-time metric (fluid dynamic fluctuations of dark energy,

in our case) at the Planck scale [38] give a crucial contribution to the viscosity effect.

From Eq. (22), we can evaluate HΛ ≈ 2:93 � 10�18s�1 (about 90 km �Mpc�1 � s�1) at the adopted

value of Λ ¼ 10�52
m�2. We observe that this parameter lies far outside the confidence interval,

Figure 2. A Hubble diagram of distance versus velocity for secondary distance indicators, calibrated to Cepheids. Figure

is taken from Ref. [35] and modified by adding the parameter HΛ. Note that H0 belongs to the confidence interval,

whereas HΛ lies beyond it.
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marked in Figure 2. It means that the parameter HΛ, most possibly, plays another role different

from the Hubble constant H0. Let us compute the acceleration of an object, a
!
¼ dv

!
=dt traveling

through the Universe. It can be found from Eq. (9), by setting ∇ðmϕþ ΣQÞ ¼ 0:

a
!
¼ νðtÞ∇2 v

!
¼ �νðtÞ∇ðdlnðρmÞ=dtÞ: ð25Þ

The term ∇v
!
¼ �d lnðρmÞ=dt comes from the continuity Eq. (12). Now, by multiplying Eq. (22)

by t2=2 and differentiating it with respect to t, we gain:

νðtÞ

c2
dlnðρmÞ

dt
¼

1

2

d

dt
t2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

8πGρm

3
þ Λ

c2

3

r

¼ tHΛ þ
t2

4HΛ

8πGρm

3

� �

dlnðρmÞ

dt
: ð26Þ

Then, by multiplying by c2 and by applying the operator ∇, we get

a ¼ �
d

dℓ
tc2HΛ �

d

dℓ

t2c2

4HΛ

ðH2
0Þ
dlnðρmÞ

dt
: ð27Þ

Here, the operator ∇ ¼ d=dℓ calculates a gradient along the increment dℓ. Let us suppose that

dℓ=dt represents an updated rate for the cosmic microwave background (CMB) fluctuations at

the frequency ΩCMB ¼ ω0, that is, the speed of light dℓ=dt ¼ λCMBΩCMB ¼ c. By substituting c

into Eq. (27) instead of dℓ=dt, we get:

a ¼ �HΛc 1þ
H2

0

H2
Λ

�
1

4

t

ρm

dρm

dt

� �

 !

: ð28Þ

We observe that the first term, HΛc, is equal to 8:785 � 10�10m � s�2. This indicates a good agree-

ment with the acceleration aP ¼ ð8:74 � 1:33Þ � 10�10m � s�2 which became known as the Pioneer

anomaly [39–41]. From this, we have the fact that the term in second brackets vanishes, namely,

dρm=dt ¼ 0, as follows from the continuity Eq. (12). It means that ρm ¼ ρc ¼ const: Eq. (28)

suggests that the Pioneer anomaly is due to the presence of non-zero energy density (dark energy)

of the vacuum, as reflected in the cosmological constant Λ ≈ 10�52m�2 in metric units.

The Hubble parameters,H0 andHΛ, concern different manifestations of SQS. The first parameter

is due to presence of the tiny non-zero, positive viscosity of the SQS, whereby light undergoes

loss of energy (redshift) proportional to the traveled distance. The Hubble diagram in Figure 2

shows in fact the relationship with distance expressed by our hypothesis, in which the role of the

recessional velocity in causing the cosmological redshift has to be however substituted by that of

energy dissipation. Since in our analysis (see Ch.2 and [14]) photons are phonons through the

SQS, i.e. waves carrying a momentum, in agreement with the concept of photon, they lose

energy while traveling huge distances, as no superfluid has perfectly zero viscosity.

As for the parameter HΛ, it results from the trigonometric shear of the Hubble parameter H0 by

adding the contribution of the cosmological constant Λ, see Eq. (23). The calculated accelera-

tion (28), excellently close to the acceleration aP of the Pioneer apparatus, is due to the contri-

bution of the SQS (i.e., of dark energy and of its hydrodynamic perturbations) expressed by the
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cosmological constant [42, 43]. Indeed, we know that the relationship between Λ and the

energy density of free space is Λ ¼ κρ0, where κ ¼ 8πGc�2 is Einstein’s constant and ρ0 is

vacuum’s (i.e., SQS’s) energy density. Thus, by considering the SQS as a ubiquitous sea of

quantized, perturbed dark energy, partially condensed as dark matter (25.9%), we see that its

mass is mdarkenergy ¼ ρ0ðtÞVðtÞ ¼ Edarkenergyc
�2 ¼ β0ρ0Edarkenergy. Where V(t) is the volume of the

Universe at an instant t (even in an expanding/shrinking Universe, we have ρ0V ¼ const, so at

any moment dark energy is neither created nor annihilated) and c�2 ¼ β0ρ0 from Eq. (1), where

β0 and ρ0 are physical parameters of dark energy, responsible for a small non-zero, positive

viscosity of free space and, consequently, for the investigated anomalous deceleration.

4. Vorticity equation and solutions for orbital speeds of spiral galaxies

The modified Navier-Stokes Eqs. (9) and (14) can exhibit a manifestation of long-lived vortices

in SQS. The last term in this equation is dissipative due to the presence of a weak viscosity of

the medium fluctuating about zero. If the viscosity coefficient μ is a fluctuating function of

time, we can assume (see Eq. (7)) that (a) time-averaged, the viscosity coefficient vanishes; (b)

its variance is not zero. Therefore, the viscosity coefficient is a function fluctuating about zero.

We suppose that such fluctuations determine energy exchange between the existing baryon

matter and the zero-point fluctuations of the superfluid physical vacuum [44].

Note first that the total derivative of v
!

with respect to t in the Navier-Stokes equation (9),

rewritten through the partial derivatives reads:

dv
!

dt
¼

∂v
!

∂t
þ ðv

!
� ∇Þv

!
: ð29Þ

Let us apply now the curl operator to the Navier-Stokes equation. We come to the equation for

vorticity ω
!
¼ ½∇� v

!
� [45]:

∂ω
!

∂t
þ ðv

!
� ∇Þω

!
¼ νðtÞ∇2ω

!
: ð30Þ

Here, νðtÞ ¼ μðtÞ=ρm is the kinematic viscosity coefficient. The vector ω
!

is directed along the

rotation axis. In order to simplify this task, let us move to the coordinate system in which the

rotation occurs in the plane (x, y) and the z-axis lies along the vorticity, Figure 3.

Under this transformation, the vorticity equation takes a particularly simple form:

∂ω

∂t
¼ νðtÞ

∂2ω

∂r2
þ
1

r

∂ω

∂r

� �

: ð31Þ

A general solution of this equation has the following view [5, 46]:

ωðr, tÞ ¼
Γ

4Σðν, t, σÞ
exp �

r2

4Σðν, t, σÞ

� �

, ð32Þ
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vðr, tÞ ¼
1

r

ð

r

0

ωðr0, tÞr0dr0 ¼
Γ

2r
1� exp �

r2

4Σðν, t, σÞ

� �� �

: ð33Þ

The first function is vorticity; the second is the orbital speed. We do not mark the arrows above

the letters ν and ω since the orbital velocity lies in the (x, y) plane and vorticity lies on z-axis.

The denominator Σðν, t, σÞ in these formulas reads:

Σðν, t, σÞ ¼

ð

t

0

νðτÞdτþ σ
2
: ð34Þ

Here, σ is an arbitrary constant such that the denominator is always positive.

Taking into account 〈νðtÞ〉 ¼ 0þ, see Eq. (7), we can see that the integral in Eq. (34) tends to zero

and solutions of (32) and (33) in the limit of t ! ∞ reduce to

ωGcvcðr, tÞ ¼
Γ

4σ2
exp �

r2

4σ2

� �

, ð35Þ

vGcvcðr, tÞ ¼
Γ

2r
1� exp �

r2

4σ2

� �� �

: ð36Þ

Figure 3. A simulation of a rotating spiral galaxy: the orbital velocity v
!

lies in the plane (x, y). The vorticity vector ω
!

is

oriented perpendicular to this plane.
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That is, vorticity and angular speed are permanent in time. Here, the circulation Γ and the average

radius σ are initially existing. The extra parameter σ comes from the Gaussian coherent vortex

cloud [47]. The subscript Gcvc indicates the Gaussian coherent vortex cloud. The vortex cloud

represents localized concentration of vorticity energy with a lifetime tending to infinity [48]. It

does not significantly interact with any form of matter and exists in itself as long as possible.

4.1. Flat profile of the orbital speed (evaluations)

Solution (36) gives no flat profile. The function monotonically decreases with r ! ∞. This

velocity is shown by curve 1 in Figure 4.

Let us begin to search for a solution of Eq. (31) by perturbing the solution (32) through a function

gðrÞ not equal to one, that is, ωðr, tÞ � gðrÞ. When we substitute this function into Eq. (31), we get:

g
∂ω

∂t
¼ gνðtÞ

∂2ω

∂r2
þ
1

r

∂ω

∂r

� �

þ νðtÞ ω
∂2g

∂r2
þ 2

∂ω

∂r
þ
1

r
ω

� �

∂g

∂r

� �

: ð37Þ

Here, we obtain two independent differential equations. The first one is for the function ωðr, tÞ.

We return to the same solution (32). While the second equation for the function gðrÞ becomes

equal to zero. In this case, we introduce an auxiliary function ϕ ¼ ∂g=∂r for which this equa-

tion takes the form:

∂ϕ

∂r
þ

2

ω

∂ω

∂r
þ
1

r

� �

ϕ ¼
∂ϕ

∂r
þ �

r

Σ
þ
1

r

� �

ϕ ¼ 0: ð38Þ

In the second part instead of ð2=ωÞ � ∂ω=∂r, we put its solution –r=Σ. For the sake of simplicity,

we write Σ instead of Σðν, t, σÞ. The function gðrÞ stemming from the solution of Eq. (38) reads:

gðrÞ ¼

ð

r

0

1

ξ
exp

ξ2

2Σ

� �

dξ: ð39Þ

Next, we find the orbital speed

Figure 4. (1, 2, 3) are monotonically decreasing profiles with r ! ∞; 4 is an example of flat profile for large r, but when r

tends to infinity, the curve vanishes.
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v0ðr, tÞ ¼
1

r

ð

r

0

ωðr0, tÞ � gðr0Þ � r0dr0: ð40Þ

This speed is shown as curve 2 in Figure 4. We have to observe, however, that the weight

function gðrÞ can be approximated by the continued fraction [49]

E1ðxÞ ¼
e�x

xþ
1

1þ
1

xþ
2

1þ 2

xþ
3

1þ
3

xþ
4

1þ
4

⋯

:

ð41Þ

In this way, we find an approximated function of the orbital speed

v00ðr, tÞ ¼
1

r

ð

r

0

ωðr0, tÞ � E1
r0

2Σ

� �

� r0dr0: ð42Þ

This speed is shown as curve 3 in Figure 4. One can see that all curves, 1, 2, and 3, accurate to

the scaling, show good accordance with each other.

As for the curve 4 in this figure, it follows from the function

v000ðr, tÞ ¼
Γ

r

X

N

n¼1

1

4σ2n

ð

r

0

E1
r0

2σn

� �2
 !

� r0dr0: ð43Þ

This function is drawn with linear growth of σn when n goes on, σn ¼ 10 � n. For n large

enough, it shows a good outcome for the flat profile at r≫ 1.

4.2. Flat profile of the orbital speed (a general case)

A rich gallery of galactic rotation curves showing output on a flat profile is presented in [50].

These flat profiles of the orbital speeds are here rearranged, and they are shown in Figure 5.

The curves draw approximations of these profiles.

Equation (43) gives a hint for getting flat profiles of orbital speeds, which are typical for spiral

galaxies. In this section, we present formulas which show the formation of flat profiles evolving

in time. First, we hypothesize that the above-mentioned Gaussian coherent vortex clouds (see

Eqs. (35) and (36)) have a long-termmemory, and they can therefore manifest themselves as dark

matter. As shown in Figure 4 by the curve 4, the clouds can support flat profiles for a long time

through their superposition (see Eq. (43)). For the sake of demonstration, let us set [46]
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νðtÞ ¼ ν
eiΩt þ e�tΩt

2
¼ ν cos ðΩtÞ: ð44Þ

In this case Σðν, t, σÞ ¼ ðν=ΩÞ sin ðΩtÞ þ σ2 ¼ ðν=ΩÞ
�

sin ðΩtÞ þ ζ

�

, σ2 ¼ ðν=ΩÞ � ζ and ζ > 1.

Note first that the Gaussian coherent vortex clouds show self-similarity.

From this view, let us assume that the fluctuating viscosity reads as follows [5]:

νnðtÞ ¼
c2

Ωn

cos ðΩntÞ: ð45Þ

The kinetic viscosity coefficient c2=Ωn has dimension [m2
∙s-1]. Here, c is the speed of light, and

Ωn is the angular frequency of a vacuum oscillation. That is, there is a periodic exchange of

energy ℏΩn ¼ n�1 with SQS. The energy tends to zero at n going to infinity, whereas the

viscosity goes to infinity. It can mean that SQS acquires a high viscosity on very small frequen-

cies of the vortex energy exchange. Note, however, that 〈νnðtÞ〉 ¼ 0þ for any n.

Let us compute the flat profile for the orbital speed of a spiral galaxy guided by the rule

formulated above. To see its formation, we perform computations of sets collected from modes

Figure 5. Families F#, U#, and ESO# of the flat profiles of the orbital speeds taken from [50]. The curves approximate these

profiles marked by the black points.
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(45), n ¼ 1, 2,⋯, N. Let us substitute the expression (45) into the integral (34). After computing

it, we get the following view of the denominator Σðν, t, σÞ:

ΣnðtÞ ¼
c2

Ω
2
n

�

sin ðΩntÞ þ ζ

�

: ð46Þ

Since Ωn ¼ n�1, the coefficient Σn ¼ c2=Ω2
n tends to infinity as Ωn goes to zero while n

increases. From here, it follows that the expression 1� exp {� r2=4Σn} in Eq. (33) reaches 1

the more slowly with increasing r, the larger is Σn. As a result, the set of coefficients Σn for

n ¼ 1, 2,⋯ can give output to the flat profile of the orbital speed. Let us, therefore, compute a

sum of possible orbital speeds of galaxies for all entangled modes for which baryon matter is

allowed to exchange energy with the SQS. Our statistical sum reads as follows:

Vðr, tÞ ¼
Γ

2r

X

N

n¼1

1� exp �
r2

4ΣnðtÞ

� �� �

: ð47Þ

The orbital speed Vðr, tÞ versus r and t is shown in Figure 6. Here, for the evaluated calcula-

tions, we used Γ ¼ 3 � 1025m2 � s�1 and the angular frequency Ωn ranges from 10�11 s-1 to

1.667�10�13 s�1 as n runs from 1 to 60. The angular frequencies are extremely small, while the

wavelengths, λn ¼ c=Ωn, are in the range from 0.97 to 58.3 kpc. These oscillating modes cover

areas from the galactic core up to the size of the galaxy itself.

Figure 6. Orbital speed V is a function of the radius r from the galactic center (in kiloparsec) and time t (in light years).

Variations of the orbital speed in time are evident.
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Figure 6 shows that the orbital speed experiences small fluctuations in time, resembling the

breathing of the galaxy. This trembling of galaxies within the 1=f spectrum is caused by the

exchange of vortex energy with the SQS on the ultra-low frequencies Ωn.

De Broglie wavelength, λn ¼ c=Ωn, by changing in the range from about 20 kpc to 2 Mpc

covers all galactic scales. One can evaluate the mass of axion-like particles [51],

m ¼
ℏΩn

c2
: ð48Þ

It ranges from about 10�62 kg to 5�10�66 kg. They are in the range shown in Ref. [52]. These

particles may correspond to dark energy’s quanta and be responsible for exchange phenomena

among baryon objects in the frequency range from Ωn ¼ 10�11s�1 to Ωn ≈ 5 � 10
�15s�1. We note

that the frequency Ωc is 2:2 � 10
�18s�1. We obtain c=Ωc ≈ 1:36 � 10

26m, which is close enough to

the Compton wavelength evaluated for the visible Universe in [53]. This corresponds to the

radius of the Hubble sphere rHS ¼ c=H0, which is about 4 � 103Mpc (at the Hubble constant

H0 ¼ 73 km � ðs �MpcÞ�1). On these cosmological scales, we can evaluate the mass of a graviton

(or more likely of a quantum of dark energy, since we don’t need gravitons in superfluid

quantum gravity [2, 14]), by resorting to a wavelength that is commensurable with the radius of

the Universe stated above. An extrememass of the axion-like particle for the observable Universe

ismg ¼ ℏΩ=c2 ≈ 2:6 � 10�69 kg. This value finds a good agreement with the evaluation that comes

from the holographic screen model to be the boundary of the visible Universe [52]. This evalua-

tion is also in agreement with the graviton mass given in Ref. [54], here interpreted as a quantum

of dark energy. We finally add that ultra-light dark matter particles produced in the vacuum

have been predicted in Ref. [10].

We can continue the calculation of the orbital speed (44) up to the point Ωc ¼ 2:2 � 10�18s�1.

This would allow us to affirm that the observable Universe rotates about some center with an

orbital speed, which has a flat profile through enormous distances. Excepting a central region

where the orbital speed grows from zero to the maximal value corresponding to the profile

level. This rotation possibly takes place around the richest Super Cluster in the Sloan Great

Wall, SCl~126, and especially around its core, resembling a very rich filament [55].

5. Conclusion

We have shown that the fluid dynamics of SQS could explain the astrophysical observations

without resorting to far-fetched auxiliary concepts, such as cosmic inflation and accelerated

expansion.

In general, the fluid dynamics of SQS is described by the conservation equations of energy,

momentum, orbital momentum, etc. In the non-relativistic limit, these equations are reduced

to the modified Navier-Stokes equation and to the continuity equation of mass density. The

modification leads to the emergence of a quantum potential, Q(t), and reduces the viscosity

coefficient, μðtÞ, to a weak term fluctuating about zero, 〈μðtÞ〉 ¼ 0þ, 〈μðtÞμð0Þ〉 > 0. Because
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of that, this term acquires an absolutely different physical meaning. Firstly, an active exchange

of energy between cosmological structures and SQS takes place and extends their lifetime.

We applied the modified Navier-Stokes equation to describe a balance within the visible Universe

between the gravitational potential, ϕ, expressed as the quantum potential Qϕ ¼ PG=ρm
and the

intrinsic quantum potential, Q, of SQS. Outside this range, strong repelling forces act (see dotted

curve in Figure 1), probably due to osmotic expansion of dark energy in a really empty space.

Figuratively speaking, baryon matter in the Universe is similar to a hydrophobic droplet floating

in a hydrophilic medium filling the vast space. However, there is a difference between a “droplet

model” and the Universe, since the latter consists of numerous clumps of baryonic matter sepa-

rated by vast voids. These baryonic clumps are concentrated on vortex filaments that permeate

the whole Universe and form an intricate cosmic web [56] with galaxies strung on these filaments.

Since 〈μðtÞ〉 ¼ 0þ (it differs from zero to a tiny value), light coming from distant stars shows a

frequency shift due to a loss of energy when traveling through the SQS. We therefore introduce

an updated concept of tired light without resorting to Compton scattering and overcoming in

this way the known objections to the classical concept of tired light.

The Pioneer anomaly has a lot in common with the revised tired light effect. The same loss of

energy due to motion through the SQS most likely led to a deceleration of the space apparatus.

An essential contribution to the deceleration comes from a non-zero small correction of the

Hubble parameter thanks to the cosmological constant, which refers to dark energy, i.e., to SQS

itself). This correction gives a value of the negative acceleration of the cosmic apparatus

a ¼ �HΛc ¼ �c

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

H2
0 þΛc2=3

q

≈ � 8:785 � 10�10m � s�2, which acceptably falls within the mea-

sured anomalous acceleration of the Pioneer probes 10 and 11.

Eventually, the considered superfluid dark medium is capable of explaining the flat profile of

the orbital speed of spiral galaxies, due to their interactions with the SQS. We can observe flat

profile solutions by putting (46) as denominator in Eqs. (30) and (31), with σ0 > 1, where the

set of coefficients Σn for n ¼ 1, 2,⋯ shows the flat profile.
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