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Abstract
Some terms identify enigmata of today’s cosmology: “Inflation” is expected to explain the 
homogeneity and isotropy of the cosmic background. The repulsive force of a “dark energy” 
shall prevent a re-collapse of the cosmos. The additional gravitational effect of a “dark mat-
ter” was originally supposed to explain the deviations of the rotation curves of the galax-
ies from Kepler’s laws. Adopting a theory founded on the core notion of absolute quan-
tum information–Protyposis–being a cosmological concept from the outset, the observed 
phenomena can be explained without postulating further unknown specific “particles” or 
“fields”. Moreover, this theory allows for a rationalization of the fact that huge black holes 
with their enormous jet structures, acting as “seeds” of the galaxies, are detected ever closer 
to the big bang. The problem of the rotation curves in the galaxies can be addressed outside 
of General Relativity within a Newtonian approximation: by an attenuation of the gravita-
tional acceleration as in the modified Newtonian dynamics, or by the effect of additional 
invisible “particles of dark matter”, yet unknown and not yet established in natural sciences. 
Within the Protyposis theory, these problems are solved without having to invent a lot of 
parameters. The cosmology of the Protyposis causes the change of the gravitational accel-
eration in the vicinity of large (black hole) masses and, at the same time, avoids a recollapse 
of the cosmos for which a cosmological constant or “dark energy” was invented.

Keywords  Cosmology · Dark matter · Black holes · Quantum information · Protyposis · 
Dark energy

1 � Introductory Remarks

In the CERN-Courier of Nov/Dec 2020,1 a conference report came to the 
conclusion:»Despite excellent advances in Higgs-sector measurements, searches for 
WIMP dark matter and exploration of very rare processes in the flavour realm, however, no 
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unambiguous signals of new fundamental physics have been seen.« And the next article of 
Beacham, de Roeck and Lanfranchi (2020) started with the statement:»The nature of dark 
matter (DM) remains one of the most intriguing unsolved questions of modern physics.«

The many models that shall explain the dark matter have numerous free parameters. 
If nonetheless, no success can be achieved, it seems to be obvious that reflections about 
basics are needed.

It is about “explaining”—what does this mean?
Explaining means to construct or reconstruct complex structures from simple ones. In 

quantum theory, simple structures are combined to complex structures by forming tensor 
products of the state spaces.

Currently, the most complex structures to work with are quantum fields. In the Fock-
Representation, they appear as a (possibly infinite) number of quantum particles. A particle 
is thus simpler than a quantum field.

For two millennia, there has been the idea in physics that the way to the simple one is 
the way to spatially small things, to ever smaller particles. This idea was successful up to 
the atoms, i.e. as long as only electromagnetic interaction and gravitation needed to be con-
sidered. But then, reflective thinking showed that the “smallest particles as basis of reality” 
were a blind alley. Planck’s formula E = hc/λ makes it intelligible that the smaller the pos-
tulated and experimentally produced particles are, the faster they decompose and the more 
complex the related theories become.

It is implausible that an ever-increasing concentration of energy shall lead to simpler 
and simpler structures, and it contradicts the experimental and theoretical experience.

1.1 � Absolute Quantum Bits of Information (AQIs) of the Protyposis

For mathematical reasons, the simplest state space in Quantum Theory is C2—the two-
dimensional complex Hilbert space. The related physical structures are called ‘spins’ and 
also ‘quantum bits’. However, the spins are inseparably linked to a quantum particle, and 
quantum particles with their infinitely dimensional state space are not ‘simple’.

The simplest of the mathematically possible quantum physical structures have a struc-
ture like quantum bits. Quantum bits are mostly identified with ‘information’, i.e. with 
‘meaningful information’. ‘Meaning’, however, comprises a great portion of subjectivity, 
and subjectivity is nothing for a science that is geared to objectivity like physics.

Therefore, quantum bits must be thought of–for the theory presented here–as absolute 
and still free of any concrete specific meaning (“Bedeutung”). So, it became necessary to 
introduce a new term. The designation “Protyposis” was selected for the number of abso-
lute and abstract bits of quantum information–AQIs–to avoid incorrect associations, e.g. 
with “knowledge” or some sto approximate objects by high-dimensional representation-
subjective “meaning”.

Whereas an AQI has a two-dimensional state space, a quantum particle has a countably 
infinite and a quantum field an uncountably infinite dimensional state space (Figs. 1, 2, 3, 
4, 5).

The main postulate of the protyposis is that all quantum particles and fields can be con-
structed from the really simplest quantum structures. However, not all AQI structures must 
form quantum particles or fields.
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It is possible that there are local density concentrations of AQIs in the order of galaxies 
and galaxy clusters that cannot be described as “consisting of particles”, but which produce 
gravitative effects on themselves and within their surroundings.

Based on the AQIs, all objects shall be constructed that are described by physics. Any 
state space can be constructed as subspace of sufficiently large tensor product of C2 spaces. 
Thus, it must be possible to approximate objects by high-dimensional representations of 
symmetry groups, for which AQIs can be used as basis. This has been demonstrated by 
Görnitz et al. 1992; Görnitz and Schomäcker (2012), for example, for irreducible represen-
tations of the Poincaré group, i.e. for particles with and without mass.

Our physical concept of an orientation from particles as basis of physics towards the 
actually simplest quantum structures, the AQIs, requires a change in thinking–as some-
times found in natural science—like the change from geocentrism to heliocentrism.

Since previous publications for the concept presented here are not readily available at 
once, and since you cannot expect that these prior articles are read in conjunction with a 
paper that basically questions the prevailing opinion in some points, some summarizing 
explanations might be helpful, ahead of the proper text.

The symmetry group of a single AQI leaving the norm in its state space C2 invariant 
comprises a phase factor eiφ, an U(1), and the SU(2). The matrixes of the SU(2) group have 
the form

with the specific second-order condition:

(For clarification it must be pointed out that for quantum computing, a truncated form of 
the quantum bits is used, i.e. not the four parameters of C2, but the two real parameters of 
the Bloch sphere.)

As is generally known, all irreducible representations of the SU(2) can be formed as 
partial representations of regular representations. The regular representation operates in 
the Hilbert space of the square-integrable functions on the maximally symmetrical space 
of the group, i.e. on the group itself. SU(2) as its maximally homogeneous space is an 
S3. Weizsäcker had hypothesized that the three-dimensionality of the space in which 
everything existing is can be deduced from the quantum theory of the simple alternative 
[Weizsäcker (1955, 1958)].

Because the physical structures can be constructed from AQIs, all their states can be 
represented as functions on this S3. The radius of the S3 is designated with R.

An irreducible representation does not decompose into parts. An irreducible represen-
tation of SU(2) shall therefore be understood as a representation of a structure that is not 
treated as “consisting of particles”.

Since it is not possible to test the cosmological initial and boundary conditions experi-
mentally, you cannot do without parameters. See, for example:

»Our main analysis models four independent BOSS power spectrum datasets across 
two redshift bins (zeff  =  0.38, 0.61) in flat ΛCDM, marginalizing over 7 nuisance 
parameters for each dataset (28 in total) and varying 5 cosmological parameters (ωb, 
ωcdm, H0, As, Σmν)« [Ivanov (2020)]

(
a + ib c + id

−c + id a − ib

)

a2 + b
2 + c2 + d

2 = 1
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Fig. 1   When searching for simple things, the way to spatially small things proves to be a blind alley. The 
basic explanations must be based on the simplest structures 

Fig. 2   For N = 900, the curve of f(k) is shown with k = (N/2)-j = 450-j for the values from k = 0 via ½√N and 
then beyond 2√N, as an example. From the logarithmic representation it can be seen that representations 
beyond 2√N can be neglected. If R is the radius of S3, then the probability to actually find a length smaller 
than R/2√N, is—in this example—lower than 0.00028993 and shall be neglected

Fig. 3   For N = 900, the curve of f(k) and f(60) is shown in a log–log-representation. A clear exponential 
decrease starts at 2√N = 60 
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In our model, a definition of the metric as a function of the individual number of AQIs in 
the cosmos requires a parameter. One indication of a plausible definition comes from the 
area of physics where a connection of quantum theory and gravitation has already been 
dealt with, i.e. from the entropy of the black holes (BH). The number of quantum bits to 
which no concrete or specific meaning can be allocated, because they are hidden behind 
the horizon, which is the entropy of the BH, is proportional to the square radius of the BH.

Functions with only one nodal plane on S3 belong to an AQI, i.e. a spin-½-
representation. Higher-dimensional representations contain functions with shorter wave-
lengths. The functions that belong to an irreducible representation nD with the dimension n 
have wavelengths of the order of R/n.

To introduce a metric on S3, the ‘smallest physically plausible length’ is to be defined as 
a function of the number of the existing AQIs [Görnitz (1988b)]. With N existing AQIs, an 

N-fold tensor product of two-dimensional spin-½ representations 
(

2D 1

2

)⊗N

 results. (In the 

Fig. 4   The sum of sinus products can lead to an exact localization

Fig. 5   The core of galaxy 
NGC4261 contains a supermas-
sive black hole with a huge jet. 
[https://​hubbl​esite.​org/​image/​82]

https://hubblesite.org/image/82
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following, the lower index, the “spin”, is no longer indicated, but only the upper index, the 
dimension of representation.)

For the tensor product of N of these two-dimensional representations 2D, the following 
equation results for the multiplicities of the irreducible representations nD with the dimen-
sions n:

with |||
N

2

||| = k for N = 2k or N = 2k + 1

The multiplicity is defined by the function f(j).

To illustrate the behaviour of f(j), N = 900 is selected as example. For this case, j goes from 
0 to 450. For a graphic representation, we set k = (N/2) –j and show how f(k) behaves.

From the logarithmic representation it can be seen that representations beyond 2√N can 
be neglected. If R is the radius of S3, then the probability to actually find a length smaller 
than R/2√N, is – in this example–lower than 0.00028993 and shall be neglected.

That such a definition is not implausible is also shown by the following 
log–log-representation:

The following is therefore defined as smallest and thus actually achievable length, i.e. as 
Planck length:

Conversely, this means that R with the number Ncosmos of AQIs increases: R = lPl 
2√Ncosmos.

Such a definition is not a proof, but it corresponds—except for values in the order of 
one—rather well to the empirical data. Like in mathematics, where nothing can be differen-
tiated without axioms, nothing can be concluded in cosmology without certain definitions.

For further considerations, the Planck units are assumed. Then the three natural con-
stants h and G and c—as the emphasized and highlighted velocity—receive the value ‘one’.

A wavelength R can be allocated to a single AQI. According to the Planck relation 
E = h c / λ the following value results for energy

The total energy U for Ncosmos of the AQIs then is

For a closed cosmos, there is no inflow or outlet of matter or energy. Thus, the first law of 
thermodynamics applies:

The volume of an S3 is V = 2 π2 R3, from this it follows that

(1-1)(
2D

)⊗N
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and then

respectively
A comparison with the energy density ρ

has the following result:

Now you can either claim that the velocity c is distinguished because it is the expansion-
velocity of the cosmos, or you insert the state equation of the AQIs from (1-10) into Ein-
stein’s equations and then obtain as exact solution an FLRW cosmos, the position-space of 
which expands as S3 with c.

The Protyposis can partly shape itself into matter and radiation. If you partition its 
energy-impulse tensor into the tensors of matter and radiation, it becomes necessary to 
introduce a further tensor with the structure of a vacuum or a cosmological term, how-
ever, without being constant in time. A possible, non-localized part of the Protyposis will 
make itself globally noticeable as “Dark Energy” in cosmology; an additional formation 
into “particles” is not necessary.

The partition of the energy-impulse tensor into the parts of pressureless dust, light, a 
cosmological term, and a possible Dark Energy/Dark Matter necessarily results as follows:
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Using ρ0 =ρ − ρDE, the following results by re-calculating

It shall be noted that this definition for the Λ term furnishes the solution for the coinci-
dence problem.

2 � A Look on Modern Cosmology

The contemporary view of cosmology can be summarized as follows: The current, widely 
accepted ΛCDM model, despite its known shortcomings, provides a consistent description 
of the Universe, from its earliest beginnings to the current time. It has shown to have pre-
dictive power, a prerequisite for a theory to be considered useful.

It might be useful to briefly address these shortcomings. The empiricism problem results 
from the assumption of an infinitely large cosmos, which would imply that our total empir-
ical knowledge is limited to zero % of the entirety. For a science based on empiricism—
such as physics—this is actually a problem that cannot be ignored. There is the empirical 
fact–referred to as horizon problem—that the cosmic microwave background radiation is 
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identical from all directions of the cosmos, whereas in many theoretical models, including 
the ΛCDM model, there are no satisfactory explanations for this phenomenon. To correct 
this problem, the “inflation” was invented, which means a hypothetical superfast inflation 
of the cosmos immediately after the Big Bang. Here, too, there is no scientific evidence, 
and, moreover, the state equation of the inflation µ =  − p violates important conditions nec-
essary for sound physics. The search for “inflatons”, i.e. for particles supposed to induce 
inflation, has been without success so far. The problem of the cosmological constant Λ is 
about having to explain a magnitude that is nearly infinitesimal, but nonetheless cannot be 
set to zero. The attempts to calculate Λ by means of quantum field-theoretical methods can 
be seen as the biggest theoretical non-success ever achieved in physics.

Two further problems can be associated with the terms “dark energy” and “dark mat-
ter”. There are many publications dealing with these topics, stating that the two structures 
actually do exist and that at the same time nobody has an idea what they could be. The 
intensive search for particles of the dark matter has been failing for decades.

The often-mentioned problem that quantum theory and general theory of relativity 
could not be satisfactorily combined so far is not seen as a real enigma of cosmology, but 
rather a problem of physics in general.

The concepts of Dark Energy, Dark Matter, Inflation, and so on, each include free 
parameters that can be adapted to the ever-improving observation data with any accuracy 
desired.

More and more frequently, there has been a call for a “new physics”. However, one 
could get the impression here that it is imperative not to abandon the trodden paths at all.

Reconsidering all this, one could ask why not just envisage the basic principles from a 
new perspective?

Wouldn’t it be a progress in science, if the observation data could be described within 
a theoretical model uniting both quantum theoretical as well as relativistic arguments, a 
model which at the same time manages without an enormous number of free parameters?

Isaac Newton is said to have stated: “We are standing on the shoulders of giants”, and, 
in that sense, we think that in the present situation it might be useful to have a look back 
into the history of physics.

In 1954, Albert Einstein concluded his book “The Meaning of Relativity” [Ein-
stein (1954)] with the following statement:

“One can give good reasons why reality cannot at all be represented by a continuous 
field. From the quantum phenomena it appears to follow with certainty that a finite 
system of finite energy can be completely described by a finite set of numbers (quan-
tum numbers). This does not seem to be in accordance with a continuum theory and 
must lead to an attempt to find a purely algebraic theory for the description of reality. 
But nobody knows how to obtain the basis of such a theory.“

Three famous physicians searched for a theory the basis of which is algebraic, i.e. discrete.
As early as in the 1950s, Carl Friedrich v. Weizsäcker (1955, 1958) had searched for a 

foundation of the description of nature that is based on the mathematically simplest quan-
tum-physical structures. [Weizsäcker (1958)]. Weizsäcker proposed quantized binary alter-
natives, “Ur-alternatives” (today: “quantum bits”). In his book “Die Einheit der Natur “ 
(Weizsäcker 1971, p. 361), he thus formulated the fundamental hypothesis:

“Substanz ist Form. Spezieller: Materie ist Form. Bewegung ist Form. Masse ist 
Information. Energie ist Information”.
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(“Substance is form. More specifically: matter is form. Motion is form. Mass is infor-
mation. Energy is information”)

Independently, David Finkelstein (1969) had developed a similar idea in the 1960s, the 
“space–time-code”. Here, space–time was subdivided into a kind of “chessboard” com-
posed of tiny boxes.

In 1989, with his slogan “It from Bit “, Archibald Wheeler (1989), prompted the Eng-
lish-speaking world to examine the discrete fundamentals of reality more closely.

These considerations reveal the common aim to create a uniform description of the 
empirically accessible reality, i.e. matter, forces, and information, on the basis of the sim-
plest possible quantum-theoretical structure.

3 � Searching for a Uniform Basis

Research in the twentieth century on the fundamentals of physics was focused on arriving 
at a uniform description of the forces. Quantum forces are described as gauge interactions. 
From the synergy of the weak and the electromagnetic interactions with their gauge groups 
U(1) and SU(2), the existence of the Higgs boson was forecasted, which eventually was 
found in 2012.

A unification of these two groups with SU(3), the gauge group of strong interaction was 
supposed to be possible via the construction of increasingly larger groups, e. g., SU(5) or 
SO(10). Here, GUT​ (great unified theory) and SUSY (the supersymmetry) were postulated. 
As a consequence, many of new fundamental particles were forecasted for the LHC, the 
Large Hadron Collider at CERN. However, none of all those forecasted particles has yet 
been found.

Attempts to quantize also the General Theory of Relativity (GTR) are still going on.
The homogeneity and isotropy of the background radiation turned out to be a problem 

for the current standard model of cosmology. Previous models could not explain why the 
background radiation is identical even if coming from directions, which could—based on 
the model—never have had causal contact. The inflation concept invented to explain this 
finding has been more and more challenged in recent years. [Ijjas, (2017)].

In addition, the primordial huge black holes (BH) around which the galaxies have 
formed cause major theoretical problems. [Steinhardt, (2016), Mortlock et al. (2011)].

Many new particles were postulated as underlying dark matter [Cirelli et al. (2012)] and 
dark energy, required in the current cosmological standard model as parameters to be 
adjusted. Not a single one of these forecasted particles has yet been found as a real parti-
cle. However, as shown by recent results from solid-state physics, the theoretical structures 
developed and their ramifications are not only of mathematical interest. The axions are one 
sort of these hypothetical particles. Although they do not exist as particles of dark matter 
in cosmos, they exist in very complex solid-state systems as quasiparticles, behaving inside 
the solid—similar to the phonons—as if they were such quantum particles. [Gooth et al. 
(2019)].

Applying the GTR to black holes results in the disappearance of the matter inside within 
a mathematical point. Such an infinitely high density is a non-physical result. This is 
another reason why there has been a call for a “new physics” for quite some time.
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4 � History and Reasons for the AQIs

Weizsäcker (1955, 1958) started with the logic. He summarized his results at that time in 
the monograph “Aufbau der Physik” (1985). There, Weizsäcker (1985, p. 320) expressly 
underlines a “non-classical logic as the core of quantum theory”. He recognized the quan-
tum bits, the “Urs”, as “information” in the sense of knowledge or meaning. They were 
referring to the relation between “two semantic levels” and thus had to be understood as 
being relative. v. Weizsäcker postulated: “An absolute concept of information makes no 
sense.” (1985, p 172).

“Two semantic levels” connect the quantum bit to a meaning that results from the indi-
vidual concrete context. This results in an essential subjective portion. But the subjectivity 
produces a discrepancy to physics that, from its target and structure, actually has to exclude 
subjectivity. [Hornberger, (2014)].

Therefore, quantum bits are to be understood as absolute and must be conceived as yet 
being free of specific meaning and hence objective.

In other words, “meaning” with its subjective aspects shuts the door to the “objectivity” 
of physics.

What is required are Absolute Bits of Quantum Information: AQIs. To break the auto-
matic association of information = meaning, a new designation void of the previous asso-
ciations was imperative: Protyposis.

As to Finkelstein and Wheeler, they were still guided by the millennia-old atomistic: If 
something shall become simpler, it must become smaller.

To this day, that idea still is the prevailing principle in quantum theory, even while in 
experiments indivisible quantum systems can be generated with expansions of more than 
1200 km [Pan, (2017)], and increasingly larger molecules show interferences in the dou-
ble-slit experiment. [Hornberger (2014)].

Despite these experimental manifestations of widespread quantum systems, it seems 
difficult to accept that the concept of “the-smaller-the-simpler” is a contradiction to the 
essence of quantum theory.

Quantum theory shows with E = hc/λ: the smaller, the more energy is required. This is 
why the accelerators used to access ever smaller spatial areas of nature need to become 
more and more powerful. However, that ever-higher energy will lead to ever-simpler struc-
tures does not only sound strange, but it also contradicts the experimental findings. The 
smaller the spatial areas generated by the accelerators become, the shorter is the time in 
which the created structures explode in ever more complex decay products.

This does not indicate “simplicity”. It is, on the contrary, nearly trivial that by using 
increasingly more information, ever smaller structures can be acquired. Then, Planck’s 
formula suddenly becomes comprehensible, and simplicity can be understood as 
“widespread”.

It was essential to realize that the absolute quantum bit, the AQI, as the “smallest unit 
of information”, with the potential of acquiring specific meaning, is to be connected to the 
lowest possible localization, i.e. being of cosmic extent.

An AQI thus has to be understood as being a cosmic structure. A possible visualization 
would be a “fundamental oscillation mode of the cosmic space”.

Accepting information as the fundamental structure, quantum theory can more easily be 
understood. It is implausible that high energy will lead to the creation of something “sim-
ple”, just because the created structure is confined to a small spatial region. By contrast, 
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it is plausible that a large amount of information allows localization in a small region of 
space.

5 � How Should “Its From Bits” be Understood?

What has so far been gained from a theory–one Einstein might have strived for–based on a 
discrete fundamental structure?

Starting from the mathematically simplest possible quantum structures, explanations 
could be given for the more complex structures examined so far in physics.

However, on that road, new concepts and imaginations were required to make advances 
possible.

During the half-century since v. Weizsäcker’s statement, the necessary theoretical and 
mathematical relations between quantum theory and cosmology have successfully been 
advanced from their early beginnings [Görnitz, (1986), Weizsäcker (1986)], even though 
still off the mainstream.

In 1988, the first cosmological model was presented based on fundamental quantum-
theoretical arguments, i.e. founded on a discrete basis. This model is an exact solution of 
the GRT with the state equation p = −ρ/3, as could be deduced from these quantum-theo-
retical arguments. [Görnitz (1988a, b)].

Weizsäcker’s considerations had established that the three-dimensional position-space 
could be understood as the maximum homogeneous space of the symmetry group SU(2) of 
a quantum bit, i.e. as an S3 hypersphere. [Weizsäcker (1985)].

All irreducible representations of the SU(2) group are sub-representations of the “regu-
lar representation” which is defined in the Hilbert space of the square-integrable functions 
on this S3sphere. A single quantum bit corresponds to a spin-½ representation of the SU(2) 
group. As a sub-representation of the regular representation, this representation corre-
sponds to wave functions with the largest wavelengths, which is why the state of an AQI is 
represented by a wave function on the S3 sphere with a single nodal plane.

A multitude of quantum bits corresponds to tensor products of such spin-½ representa-
tions. These tensor products of two-dimensional representations can be reduced to higher-
dimensional irreducible representations, corresponding to functions with more nodes and, 
thus, shorter wavelengths.

The sine function may serve to visualize how products of extended entities lead to 
something strongly localized.

For a long time, the prevailing idea was that a closed cosmos would have to re-collapse. 
In 1988, a closed cosmos expanding at the speed of light was too much ahead of the times 
to be appreciated, as then pressure in GRT was postulated only for the range between dust 
(pressure p = 0) and light (pressure p = ρ/3), i.e., for 0 ≤ p ≤ ρ/3. As long as pressure is seen 
within a particle context, this, in fact, is consistent. The notion of particles can hardly be 
reconciled with the idea of negative pressure. Nowadays, also the concept of a negative 
cosmological pressure is accepted.

The 1988 model [Görnitz (1988a, b)] solved the horizon problem without requiring an 
ad hoc explanation like inflation. It explained the magnitude of an effective cosmological 
constant Λeff, i.e., a term associated with an energy–momentum tensor analogous to the 
vacuum. Moreover, it made the nucleon-photon relationship plausible.

Subsequently, within the framework of the Protyposis theory and using inherent quan-
tum-physical and thermodynamic arguments, it was demonstrated how the validity of the 



896	 T. Görnitz, U. Schomäcker 

1 3

GRT can be made plausible for gravitational phenomena within the cosmos. [Görnitz 
(2011)].

Furthermore, a solution for the interior of black holes was deduced. Based on quantum-
bits, this solution avoids the Schwarzschild singularity and thus the disappearance of the 
matter inside the black hole within a mathematical point. [Ruhnau (1989), Görnitz (2013)] 
Originating from the Protyposis concept, the interior of a black hole can be seen like a 
strongly miniaturized version of the cosmic space.

Still in collaboration with v. Weizsäcker, an endeavor was initiated to establish the theo-
retical foundations for addressing the issue of how the “It” is formed from quantum bits, 
namely, matter in the form of relativistic particles. [Görnitz, (1992), Schomäcker (2012)] 
The states of such a quantum particle form an irreducible representation of the Poincaré 
group, which can be constructed from quantum bits.

Moreover, the group structure of the three fundamental gauge interactions could 
be established as a consequence of the group structure of the bits. [Görnitz (2014), 
Schomäcker (2016)] As the Protyposis foundation allows one to reduce all entities explored 
in fundamental science, i.e., matter and forces, to a unifying basis, there is no longer any 
recognizable need to compress the forces into a hypothetic “uniform force”.

In the present paper, we will demonstrate how this quantum-theoretically based cosmol-
ogy can also explain effects, for which dark energy and dark matter were invented.

6 � What is the Main Difference to Previous Physics?

One essential difference to previous theoretical explanations is that the fundamental struc-
tures of quantum theory are subjected to an in-depth reconsideration.

So far, quantum field theory has largely worked using the point particle model. We agree 
with Finkelstein (1969, p. 1262) who states that the idea of “points” is quite problematic:

»Each point, as Feynman once put it, has to remember with precision the values of 
indefinitely many fields describing indefinitely many elementary particles; has to 
have data inputs and outputs connected to neighboring points; has to have a little 
arithmetic element to satisfy the field equations; and all in all might just as well be a 
complete computer.«

Getting rid of a millennia-old idea, and realizing that the fundamental entities of nature 
are no longer to be searched in spatially smallest units, the “points”, certainly is the big-
gest challenge for the scientific imagination presently.

However, considering that the fundamental is to be found in the smallest units of infor-
mation, the principles of quantum theory become more comprehensible. Little information 
is simple, much information is complex. Obviously, it takes much information to achieve 
precise localization, and, consequently, to form spatially small structures.

“Explaining” in science, means to reconstruct a complex structure from simpler struc-
tures. The simplest quantum structure that is mathematically conceivable has a two-dimen-
sional complex state-space, being commonly called a quantum bit.

An essential difference between the Protyposis and the technically applied quantum 
information (QI) is that in the latter only two real parameters (two angles) are considered, 
spanning the surface of the so-called Bloch sphere. This is expedient here, since the other 
parameters are already defined by the carrier (mostly a photon) of such a bit of QI. By 
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contrast, in dealing with the fundamental issues of physics, the full two-dimensional com-
plex space with its four real parameters must be taken into account.

The concepts of v. Weizsäcker, Finkelstein, and Wheeler essentially refer to such a basic 
quantum structure featuring the full two-dimensional complex state-space.

What are the consequences of the quantum-theoretical considerations for cosmology?
The approaches by v. Weizsäcker, Finkelstein and Wheeler mainly refer to such a sim-

plest quantum structure with the full two-dimensional complex state-space.
What is the result of the quantum-theoretical considerations for the cosmology?

7 � Current Problems in Cosmology and Astrophysics

•	 The ΛCDM model requires an explanation for the magnitude of the cosmological con-
stant Λ. (The field-theoretical result was off by very many orders of magnitude.) The 
current discussion involves the notions of “Dark Energy” and “Quintessence”.

	   “Quintessence “ is introduced according to p = ωρ. Here, however, � < −1∕3 and 
all the more Λ with p =  −ρ, are in variance with essential physical energy conditions. 
[Hawking (1973)].

	   Moreover, the ΛCDM model requires “inflation” to explain the homogeneity and 
isotropy of the background radiation. There are, however, important arguments against 
“inflation”. For example, Paul Steinhardt one of the inventors of inflation, realizes 
today that the original hopes have not been fulfilled:

	   »The inflationary paradigm is fundamentally untestable, and hence scientifi-
cally meaningless.« [Steinhardt (2014)]

	   Later on, such arguments were formulated even more clearly. [Ijjas (2017)].
•	 The rotation curves in the outside regions of the galaxies require an additional gravita-

tive effect to explain the deviation of the rotational velocities from Kepler’s laws. It 
appears that they are subject to the action of an invisible matter. Here, the term “Dark 
matter” came up.

	   For about tree decades, the search for hypothetic particles of dark matter has been 
unsuccessful.

•	 Already in early galaxies, there were huge “primordial black holes“. These are to be 
understood as the “seeds” of the galaxies and they arose very early after the Big Bang.

The very early emergence of huge black holes is a problem:

»Indeed, there has historically been an “impossibly early black hole” problem similar 
to the impossibly early galaxies« [Steinhardt et al. (2016)]

With BOSS [Ivanov 2020] und BigBOSS, cosmology has entered a phase of precision 
cosmology.

»Both CMB (cosmic microwave background) measurements and LSS (large scale 
structures) data have proven to be extremely powerful in pursuing this program. « 
[Raveri, 2020]

On the other hand, in the history of cosmology, a very good adaptation to the data with 
many free parameters could be a hint, like for example in case of Ptolemy and Copernicus, 
to consider a change of the prevailing paradigm.
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»At the same time, hints of discrepancies between different cosmological probes 
within the ΛCDM model have been found. The expansion rate of the Universe as 
derived from the CMB differs from distance ladder measurements. Data from LSS 
surveys and the CMB show different pictures of how cosmological structures grew 
over time. Even though these discrepancies were barely note-worthy in the past, their 
statistical significance continues to steadily increase and might point toward the fact 
that we are close to a radical, paradigm-shifting discovery. « [Raveri, 2020]

With the present paper, we wish to give suggestions for an interpretation of the data that 
does not primarily concentrate on unknown particles.

8 � The Protyposis Cosmology

According to v. Weizsäcker’s approach, the mathematical model of the three-dimensional 
position-space, the cosmos, is the maximal homogeneous space of the SU(2) group, i.e., 
the group itself. It is an S3cosmos, the three-dimensional surface of a four-dimensional 
sphere.

Based on representation theory for the SU(2) group, a relation can be established 
between the cosmic curvature radius R and a minimal length, identified as the Planck 
length λPl, for a given number N of AQIs: R ~ λPl √N. (Görnitz, 1988b) Accordingly, an 
increasing number N of AQIs in the cosmos is to be interpreted as an increase of the cos-
mic radius.

Applying Planck’s relation, (E = h c / λ), between energy E, Planck’s constant h, speed 
of light c, and wave length λ, and invoking the first law of thermodynamics, the state equa-
tion for the AQIs, 

could be derived from the quantum-theoretical considerations. [Görnitz (1988b)].
In GTR, for a Friedmann-Lemaître-Robertson-Walker-(FLRW) cosmos, this state equa-

tion implies an expansion at the speed of light.
At a somewhat later, Wei Chen and Yong-Shi Wu, on other grounds, concluded a varia-

ble cosmological term with similar behaviour. [Chen, (1990)] Shortly thereafter, there were 
papers by Moncy V. John et  al.[John  & Joseph, (1996,  2000), John &  Narlikar, (2002), 
John (2019)] promoting a model with a state equation like Eq. (8-1).

Since 2012, Fulvio Melia, together with other scientists, has been analyzing the obser-
vation data, relying on extensive examinations. He demonstrates that a cosmic expan-
sion at c is in most cases better adapted to the more recent and more precise data than 
the ΛCDM model—and without lots of free parameters required in the ΛCDM model 
[Melia  & Shevchuk, (2012), Melia  &  Maier (2013), Wei, (2015), Melia  &  McClintock, 
(2015), Melia  &  López-Corredoira (2017), López-Corredoira (2016), Melia, (2016), 
Melia, (2017), Yennapureddya, (2018)]. The model by Melia et  al., too, requires a state 
equation according to Eq. (8-1).

As this state equation implies, within the GTR, an expansion of the cosmos at the speed 
of light, inflation becomes dispensable.

As distinguished from the closed Protyposis cosmos (k = 1), Melia et al. mainly suppose 
a flat space (k = 0).

However, as a consequence of the k = 0 model there is the empiricism problem (scarcely 
been reflected on) due to the infinitely large volume of space. Cosmologies postulating a 

(8-1)� = −�∕�
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flat, infinitely extended position-space capture empirically–by theory and definition—only 
zero percent of the postulated reality.

According to new results from the “Planck Legacy 2018 release”, Aghanim N., 
et al. (2018) there are strong indications that a closed cosmos, as postulated in the frame-
work of the Protyposis cosmology based on quantum-theoretical arguments, is now 
being substantiated by observation data. In a recent paper, somewhat melancholically 
titled»Planck evidence for a closed Universe and a possible crisis for cosmology«. DiVal-
entino, Melchiorri, and Silk (2020) note that.

» … the Planck power spectra prefer a closed Universe …«.

 The ΛCDM model postulates an acceleration of the cosmic expansion. Some authors sus-
pect that the motion of the local group against the cosmic background may cause such an 
observational effect. [Colin (2019)].

If all these different findings could further be verified and validated, a solution based on 
Protyposis cosmology to all of the so-called cosmological problems would be at hand.

9 � Gravitation as an Effect of the Cosmos on Internal Inhomogeneities

Realizing that the GTR provides an excellent description of gravitation should not prevent 
us from reflecting on its role with regard to cosmology.

Out of the infinitely many cosmological solutions of the GTR only a single one can 
describe the empirically accessible cosmos. Einstein’s mathematically highly interesting 
equations thus cover a host of entities that have no actual physical counterpart.

The fundamental quantum theory of the quantum bits made an access to the spatial 
structure of the cosmos possible. Assuming that the relation derived for the curvature of 
space and the matter-energy content of the cosmos can also be applied to local inhomo-
geneities, then gravitation can be understood as an effect of the cosmos on local internal 
inhomogeneities. [Görnitz (2011)].

Thus, the quantum-theoretical foundation of cosmology provides a rationalization 
why the GRT allows for such a good description of any gravitational processes within the 
cosmos.

Interpreting the validity of Einstein’s equation in this context can help to understand the 
strange orbital velocities of stars in galaxies. As will be shown below cosmic influences 
can explain the observed orbital velocities, without having to change Newton’s law with 
a new parameter as in MOND [Milgrom (1994)], or postulate unknown particles as with 
dark matter.

In these considerations, besides Planck’s relation (E = h c / λ), the following physically 
plausible and proven hypotheses are needed:

•	 There is a distinguished velocity: c.
•	 In a closed system, the first law of thermodynamics applies: » dU + p dV = 0 «.
•	 The second law of thermodynamics refers to an increase of entropy, that is, informa-

tion of which only the amount can be known, but to which no specific meaning can be 
attributed.

To our knowledge Theodore Jacobson (1995) was the first to observe that gravity is a phe-
nomenon of thermodynamics. He wrote:
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»... the Einstein equation is an equation of state. It is born in the thermodynamic limit 
as a relation between thermodynamic variables, and its validity is seen to depend on 
the existence of local equilibrium conditions. This perspective suggests that it may 
be no more appropriate to quantize the Einstein equation than it would be to quantize 
the wave equation for sound in air.«

Subsequently, also Erik Verlinde (2011) postulated a connection between gravity and ther-
modynamics. However, he combined his approach with string theory and the holographic 
principle. Here, a bit would be associated with a very small spatial extension and, accord-
ing to Planck’s formula, with a very high concentration of energy. Obviously, this is the 
opposite of the theory presented here.

Everything within the cosmos is subject to gravitation.
This makes it understandable that the AQIs can develop–under the effect of their gravi-

tation—local formations of higher density than in their surroundings. Primarily, this will 
only result in gravitational effects.

The AQIs can form quantum particles, which may be massless like photons, or have 
a rest mass if they carry a charge. Depending on the type of charge—leptonic, baryonic, 
or possibly electromagnetic—a quantum interaction is added to gravitation, i.e., the weak, 
strong, or possibly electromagnetic force.

10 � The Formation of Early Black Holes

So far, no process is known that would—in the time frame according to the ΛCDM 
model—allow the formation of early black holes out of any kind of gas or dust.

For example, Mortlock et al. (2011) stated:

»The existence of ~109M⊙ black holes at z≃6 already placed strong limits on the 
possible models of black-hole seed formation, accretion mechanisms and merger his-
tories; the discovery that a 2 × 109M⊙ black hole existed just 0.77 Gyr after the Big 
Bang makes these restrictions even more severe.«

As shown by Melia and McClintock (2015), Yennapureddya and Melia (2018), at least the 
problem of a shortage of time is solved in a cosmos expanding at c.

Nonetheless, there is still the difficulty that the collapsing matter would be blown 
away again by the emerging radiation pressure due to electromagnetic interaction. [Smith, 
(2019)].

»There is a limit to the rate of how fast this assembly could have occurred, first 
worked out by the British astrophysicist Arthur Eddington. The idea here is that the 
higher the mass assembly rate, the larger the output of radiation. At some point the 
outward pressure exerted by the radiation is able to overwhelm the inward force of 
gravity. This balancing of forces defines the Eddington (accretion) rate, the maxi-
mum growth rate of black holes.«

However, as long as no relativistic particles with electrical charge are formed, the condens-
ing Protyposis is subjected to gravitative interaction only. Thus, for this form of the AQIs, 
the Eddington limit does not matter.

Thus, after the Big Bang, AQIs may quickly have formed very large black holes. Like-
wise, it is possible that high-density formations of AQIs have agglomerated extending over 
large areas of space, without the collapse of such clouds to black holes or to decomposition 
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into relativistic particles. However, once there were also particles, galaxies with stars may 
form around the black holes from normal matter.

11 � The Black Hole in an Expanding FLRW Cosmos

The structural insights enabled by the AQI concept can be applied to the problems of huge 
black holes around which the galaxies have formed. For example, the enormous jets in the 
vicinity of active black holes can also be due to gravitative causes, in addition to electro-
magnetic ones, as will be demonstrated in the following.

In the Protyposis theory, the metric of the cosmos has the form of an FLRW line ele-
ment: [Görnitz (1988a&b)]

Using the transformation 1 + ct = e(1+τ) and r = sin  ρ we get dt = dτ  e(1+τ)  /c and 
dρ2 = dr2 (1—r2)−1. Accordingly, the line element takes on the following form:

Like every FLRW cosmos, the Protyposis cosmos is homogeneous and isotropic. There-
fore, the metric has to be changed if a black hole is to be described in it.

In a famous paper, Prahalad Chunnilal Vaidya (1977) has demonstrated how the metric 
of a closed expanding FLRW cosmos changes locally in the presence of a rotating black 
hole with the gravitative mass m0 and the angular momentum J, i.e. how the Kerr solution 
can be embedded in a variable FLRW cosmos.

Vaidya defines two parameters, the gravitative mass of the black hole m = Gm0/c2, as 
well as its angular momentum J via a = J/cm0. The metric is given with Vaidya, [Eq. (15) 
in Vaidya (1977)], as

 where

and

To test whether this special form of the Vaidya metric transforms into the Protyposis 
metric in the absence of a black hole, the limiting value for the disappearance of mass and 
angular momentum must be considered.

To see what the metric becomes in the absence of the black hole, we have to set m = 0 
and a = 0.

Then M2 becomes M0
2 = R2 sin2(r/R) and µ0 = cotan(r / R) / R.

Without loss of generality we may set R = 1. Then the Vaidya metric becomes
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Using the transformation u = τ—r gives

so that with the specification

the cosmological Protyposis model of Eq. (11-2) is obtained.
So, it becomes apparent that by choosing the function F(τ) this way, the Vaidya cosmol-

ogy transitions into the Protyposis cosmology. This form of F(τ) will be used in the follow-
ing to comprehend the effect of a rotating BH in the Protyposis cosmology.

12 � Possible Jet Structures at Black Holes

In the cores of galaxies there are often active black holes that emit huge jets. These jets can 
have enormous extensions, up to the range of a galaxy diameter.

In most cases, the generation of these jets is described solely by the effect of powerful 
magnetic fields.

A homogeneous and isotropic pressure as in Eq.  (11-1) has no locally recognizable 
consequences. Only in the vicinity of an inhomogeneity a local effect of the cosmological 
pressure can become manifest.

In the gravitational field of a rotating black hole, an otherwise homogeneous and iso-
tropic cosmological pressure varies in the direction of the rotational axis. [Vaidya (1977)] 
Thus, in the vicinity of a black hole the AQIs will be subject to a positive pressure in axial 
direction, countervailing the otherwise negative cosmological pressure according to the 
state equation p = −ρ / 3. This pressure can provide a purely gravitative contribution to the 
observed jet structures, adding to the electromagnetic contributions.

Following Vaidya, three infinitesimal, mutually orthogonal vectors can be defined in the 
three-dimensional space τ = const, i.e., in the position-space at a fixed time. Here, the pres-
sure components in axial directions are designated by q, the rotationally symmetric compo-
nents in direction of the rotational plane by p, and the energy density by ρ.

A simple toy model is used to illustrate the basic relationships between pressure and 
energy density in the vicinity of a black hole in an expanding cosmos, described according 
to the metric of Vaidya. (The model uses numerical values, which enable a simple calcula-
tion in mathematica®.)

The pressure at the black hole horizon is positive. The pressure components p in the 
direction of the plane of rotation falls very quickly to the value pcosmic = −ρ/3, correspond-
ing to the cosmological environment. The pressure component q in the direction of the axis 
of rotation features significantly larger positive values, turning negative only at a greater 
distance from the horizon. So being surrounded by regions of negative cosmological pres-
sure, that positive pressure can contribute to the jet structure observable in the quasars.

In Figs. 6,  7, we show two contour plots for the pressure components q and p and for 
the energy density ρ. It should be noted that in the GRT a solution applying to the exterior 
of a black hole usually is continuously extended—as in Figs. 6, 7—into the space inside 
the horizon down to the singular center point. As Vaidya relies entirely on GRT, quan-
tum effects inside the horizon are not taken into account. This means that only the results 
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outside the horizon are relevant. Incorporating quantum theory such a continuation through 
the horizon is non-physical, as has been shown long ago. [Görnitz (1989)].

Figure 8 shows the behavior of the energy density and the pressure components along 
two intersection lines (the same numerical values as in Fig. 6 and Fig. 7 along axis and in 
plane).

Approaching the black hole from outside, the originally positive cosmological energy 
density becomes negative near the horizon, while the originally negative cosmological 
pressure becomes positive.

The pressure component in the direction of the plane is many orders of magnitude 
smaller than that in the axis direction Fig. 9 and it adapts very quickly to the value pcosmic =  
−ρ/3.

As will be discussed below, this cosmological pressure effect can also explain the orbital 
velocities of the stars in the outside regions of galaxies without any additional assumptions.

The plots shown in Figs. 6, 7, 8, 9, 10 allow us to make two observations. As Vaidya’s 
development is entirely based on the GRT, there is a continuous transition from the outer 
region into the interior of the horizon. However, discontinuities arise when quantum-theo-
retical correlations [Görnitz (2013)] are taken into account beyond the scope of the GRT. 
The discontinuities result from the fact that the region inside the black hole horizon repre-
sents an “impenetrable box”—with the consequence that the quantum-theoretical ground 
state (“vacuum”) inside the “box” differs from that outside (Figs. 11, 12).

12.1 � What are the Consequences of a Black Hole Embedded in the Protyposis 
Cosmology?

As shown in Fig.  10, at a greater distance from the Black Hole, the energy density ρ 
becomes positive and the pressure components q become negative and approach the value 
pcosmic = −ρ/3.

However, in the vicinity of the Black Hole, the energy density ρ and the cosmological 
pressure pcosmic change, as well as the ratio between them.

The effect of the cosmic pressure according to pcosmic = −ρ/3 comes into play already 
very close to the Black Hole in the galactic rotational planes. This effect is essential for 
explaining the rotational velocities, as will be discussed in the following section.

In contrast to that, the pressure in the direction of the rotational axis is positive near the 
horizon. It remains positive for larger distances from the center. The difference between the 
positive pressure along the axis of the Black Hole and the negative cosmological pressure 
can therefore make a gravitational contribution to the formation of the jet structures, in 
addition to the magnetic effects often described.

13 � The Rotation Curves of the Galaxies

Contrary to the behaviour along the rotational axis, the pressure remains nearly identical in 
the rotational plane (i.e. for the q component as well as also for the p component) with the 
cosmological pressure pcosmic from formula (8-1). Thus, in the rotational plane around the 
black hole, a pressure is quickly reached, which is only very slightly increased compared to 
the cosmological pressure. Based thereon, the effect can be explained, for which the dark 
matter has been invented, namely the flat rotational speed of galaxies.
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Since Fritz Zwickys discovery in the 1930s, it is known that the rotation velocity curves 
of the galaxies do not behave according Kepler’s laws, if only the luminous matter is taken 
into account. These curves do not decline as a function of the distance from the center, but 
remain essentially flat.

Fig. 6   Schematic representation (in arbitrary units) of pressure conditions around a black hole in an 
expanding, closed FLRW cosmos (the axis of rotation is vertical, the q component is on the top, the p com-
ponents are shown below)
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In the immediate vicinity of a galactic center there are many stars around the black hole. 
The matter present there causes an approximately linear increase in the rotational velocity. 
It must be explained, however, why an almost constant rotational velocity can be observed 
in the outer regions of galaxies with little visible matter, and not a reduction of velocity, as 
would follow from Kepler’s law.

Fig. 7   Schematic representation (in arbitrary units) of the energy density ρ around a black hole in an 
expanding cosmos (The axis of rotation is vertical)

Fig. 8   Energy density (red), pressure components in the axis direction (q component–blue) and in the plane 
direction (p component–black), measured along the axis (drawn through) and in the plane (dotted). (Black 
dots mark the horizon.) The distance from the center is given in a logarithmic scale
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A solution to this problem of the orbital velocity of galaxies comes from General Rela-
tivity (GRT​). For this, a negative pressure of the form p = -ρ/3 must be present in the cos-
mological model. Furthermore, it is still necessary that this negative pressure remains pre-
sent near the horizon of the central Black Hole (Kerr solution).

In this case, two different effects seem to work together. The rotation of the Black Hole 
is reflected in the metric of the Kerr solution. Second, the negative cosmological pressure 
p = -ρ/3 changes the effect of gravity. As a result, flat velocity distributions are observed at 
the galaxies. The relevant papers with calculations of this effect are presented below.

The effect of the flat curves for the rotational velocities is an outcome of GRT, if there 
is a pressure pcosmic according to Eq. (8–1) in the rotational plane of the black hole in its 
vicinity.

Fig. 9   The pressure of the p-component (1, measured along the axis, drawn through) and (2, measured in 
the plane, dotted) (the same units as in Fig. 8) (Note the logarithmic scale for the distances)

Fig. 10   The energy density ρ (red) becomes positive and the pressure of the q components (blue) became 
negative far from the horizon. There the p components (black) are in a greater distance from the center 
equal to −ρ/3 (Note the logarithmic scale for the distances)
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To our knowledge, this correlation with a negative pressure p = −ρ/3 was shown for the 
first time in papers by F. Siddhartha Guzmán and Tonatiuh Matos (2003) with Darío Núñez 
and Erandy Ramírez [Matos (2002)].

The authors postulate a hypothetical “Quintessence” with the state equation p = −ρ/3 in 
the vicinity of a black hole. They show that such a pressure is the cause for the behaviour 

Fig. 11   Rotational velocities for seven galaxies, as a function of distance from the core. [Rubin 
et al. (1978)]

Fig. 12   Photo of the Hubble 
Space Telescope with Einstein 
Cross in the galaxy cluster 
MACS J1149.6 + 2223. (https://​
hubbl​esite.​org/​conte​nts/​media/​
images/​2015/​08/​3496-​Image.​
html)

https://hubblesite.org/contents/media/images/2015/08/3496-Image.html
https://hubblesite.org/contents/media/images/2015/08/3496-Image.html
https://hubblesite.org/contents/media/images/2015/08/3496-Image.html
https://hubblesite.org/contents/media/images/2015/08/3496-Image.html
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of rotation curves around the black hole, consistent with the observations at the outside 
regions of the galaxies.

However, they note [Matos (2002), p 297]:

»However, notice that in this approximation it cannot be said anything else about 
the matter producing the observed motion. The Newtonian approximation fixes the 
matter to be dust-perfect-fluid-like type. This is the usual way of reasoning: it is sup-
posed a priori that the dark matter is a completely Newtonian dust and at the end of 
the day one arrives to a consistent description of the dark matter determining only 
the shape of the Newtonian gravitational potential.«

Recognizing Protyposis as the cosmological substrate, the change in the gravitational 
potential effected by cosmological pressure allows for the explanation sought by Guzmán, 
Matos et al. In other words, the Protyposis provides the properties of the unknown quintes-
sence or matter postulated by Guzmán and Matos.

The approach by Guzmán and Matos was discussed by Valery Kiselev (2003), who cor-
roborates the effects resulting for p = -ρ/3, otherwise attributed to the hypothetical dark 
matter:

»Further, the angle surplus caused by the scalar field as found in [Matos (2000), 
Matos, Guzman, Urena-Lopez, Nunez (2001)] can be obtained in the perfect fluid 
approach used, too. Indeed, the limit of �q → −1∕3 implies that the metric compo-
nent grr tends to a constant value.«

(Note that in quintessence models ωq designates the ratio p/ρ.)
However, for the overall cosmology that is far from \a black hole, Kiselev chooses other 

cosmological pressure values.
In interesting papers Rahaman et  al. (2010) explore possible cosmological conse-

quences. While we start from cosmology and describe the galactic consequences, these 
authors pursue an opposite approach: starting with the flat rotation curves of the galaxies 
and then considering cosmological consequences. Both approaches lead to the same equa-
tion of state:

»... the equation of state of ’curvature fluid’ is found to be ρ+3p = 0 .... «

Rahaman et al. assume a static cosmos, noting that this is only compatible in the form of a 
temporally local approximation. It is interesting that.

»... stable stellar orbits together with an attractive gravity exist only if ωq is extremely 
close to −1∕3 , a result consistent with the special case studied by Guzman et  al. 
(2003) Less exceptional forms of quintessence dark energy do not yield the desired 
stable orbits and are therefore unsuitable for modeling dark matter. ... Ordinarily 
quintessence dark energy is unable to do so: evidently, its repulsive action is too 
strong.« [Rahaman et al. (2011)]

Figure 9 show that in the rotational plane, ωq is zero in the close vicinity of a black hole. 
However, in a somewhat greater distance the generally negative cosmological pressure 
pcosmic = -ρ/3 is reached very soon. Thus, the conditions are fulfilled so that in the galactic 
plane the visible matter circulates with constant velocity around the center in some larger 
distance.
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14 � Making the Rotational Velocities Plausible in a Newtonian Concept

The most common explanation of constant orbital velocities outside the General Relativity 
Theory (GRT) is the postulate of "Dark Matter". Such an assumption is the easiest way in 
Newton’s Theory of Gravity to explain an orbital velocity that does not change with the 
distance from the center of gravity. However, as already noted, the decades-long search for 
the necessary particles of Dark Matter has so far been unsuccessful. Therefore, it was obvi-
ous to look for other possible explanations.

Some authors [e.g. Begeman, (1991), Kroupa (2012), Kroupa (2015), Pawlowski 
(2020)], prefer “modified Newtonian dynamics” (MOND), invented by Milgrom (1994).

Their argumentation concerns astronomical observations in the Local Group, from 
which it follows that these findings lead to contradictions with the ΛCDM cosmology. 
[Kroupa (2012), Pawlowski (2020)].

15 � Rotational Velocities in the Protyposis Concept

Going from the classical to a relativistic description, the tensor of energy density and pres-
sure is relevant for the gravitational effect, rather than the mass density alone. The diago-
nalized energy density-pressure tensor has the form

As should be recalled, the pressure, [force/area], has the same dimension as the energy 
density [force × length/volume]. All four components of the tensor contribute equally to the 
gravitational effect.

While on earth and in laboratories pressures are in the range 0 < p < ∞, it has been recog-
nized in recent years, even by the wider public, that pressure in GRT can also be negative.

A negative pressure behaves in cosmology as “anti-gravitation”.
If the relation 3p = -ρ holds for the pressure, the acceleration caused by the gravitative 

forces disappears in some sense. This became clear for the first time in cosmology with the 
cosmological constant and the “quintessence.

If ρ + 3p > 0, the gravitative effect predominates and the cosmos will recollapse after 
an expansion phase. That such an “end crash” would occur was the prevailing opinion 
30 years ago, when the Protyposis cosmology was developed. Later that view was replaced 
by the idea of an accelerated expansion. To this effect, a cosmological constant and/or 
quintessence had to be postulated, so that ρ + 3p < 0 can be possible.

In the Protyposis cosmology, the state equation ρ + 3p = 0 is derived using very general 
quantum-theoretical and thermodynamical arguments.

Here, neither an acceleration nor deceleration effect arises in the cosmic expansion. 
Rather, as the result of adopting this state equation in the GRT, there is a cosmic expansion 
at the speed of light.

This cosmology solves many of the cosmological problems or makes pertinent artifices 
redundant, like dark energy, dark matter, the cosmological constant, the horizon problem 
and inflation, as well as the empiricism problem.

Tk
i
=

⎡
⎢⎢⎢⎣

� 0 0 0

0 p 0 0

0 0 p 0

0 0 0 p

⎤⎥⎥⎥⎦
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As can be seen in Fig. 9, the gravitational effect of the galactic core is finally superseded 
by the cosmic effect of the Protyposis, so that, supposing an idealized situation, neither a 
considerable decline nor a considerable increase of the rotational velocity is to be expected.

The effect of the Protyposis thus brings about–without recourse to a hypothetic dark 
matter–the flat rotation velocity curves as calculated by Guzmán and Matos (2003).

16 � Conclusion

These results can be interpreted as follows:
The Protyposis furnishes a mathematical model, describing essential cosmological 

observations on the basis of fundamental quantum theoretical properties, which does not 
need objects like particles of dark matter or dark energy.

Part of the AQIs of the Protyposis forms black holes as well as quantum particles [Gör-
nitz, Graudenz, v. Weizsäcker (1992), Görnitz, Schomäcker (2012)]. Quantum fields can 
finally be described as an infinite amount of their field quanta and thus be produced from 
the particles.

From the cosmological perspective, the Protyposis acts like a liquid with the state equa-
tion p = −ρ/3. The homogeneity and isotropy of the distribution of the cosmic Protyposis 
is locally modified by a rotating black hole, which allows for an explanation of the effects 
observed for the orbital speeds of the galaxies and gives a contribution to the creation of jet 
structures.

From the Protyposis model, flat rotation curves result due to the influence of cosmology, 
as calculated by Guzmán and Matos.

In addition, there are the gravitational effects of the large gravitation lenses, which can 
also be attributed to the effect of a dark matter, since they cannot be explained by visible 
matter alone. For example, they become visible at so-called Einstein Crosses. These Ein-
stein Crosses appear when the light of a very far-away supernova runs on different ways 
around a centre of gravity, and then there are four images of a supernova.

Using the Protyposis, a hypothesis can also be formulated for the absence until now of 
hypothetical particles that shall form the dark matter:

Since the AQIs produce a gravitational effect, like everything in the cosmos, density 
fluctuations will become noticeable. Such density concentrations will presumably form 
especially around very early and very large black holes (for an analogy, see Fig. 4).

In such “clouds”, however, where the energy density of the AQIs is higher than in their 
surroundings, the AQIs need not necessarily form particles.

The Protyposis cosmology model started from the assumption of a homogenous and 
isotropic distribution of energy density and cosmological pressure, whereas quantum the-
ory suggests that there are local density fluctuations. Areas with a higher energy density 
will produce a stronger gravitational effect.

The complicated effects of Protyposis inhomogeneities on the curvature of light rays are 
beyond the scope of our toy model. For this purpose, high-performance computer codes 
for of the numerical treatment of the GRT equations are required, which were not at our 
disposal.

75 years ago, Einstein pleaded for an algebraic, i.e., discrete structure for the founda-
tion of physics. Today it has become plain how pertinent and productive this call has been. 
However, here it was necessary to abandon the notion of quantum fields constructed from 
particles as field quanta as the fundamental ultimate entities.
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Of course, the idea of particles, objects that can freely be moved in space and time while 
maintaining their ‘identity’, is highly productive and useful. Yet, it is inherent to the notion 
of particles, that ever smaller particles can be contrived–or particles having a still simpler 
sub-structure. By contrast, the quantum bit is a structure to which there cannot be a simpler 
one.

Concomitantly, though, “almost no information” means no localization. Thus, a quan-
tum bit as “the simplest” entity has to be perceived as being a cosmic structure.
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