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              Foreword to the English edition
 
              “A Crisis at the Edge of Physics” was the headline in the New York Times on June 7th, 2015. “Supersymmetry and the Crisis in Physics “was the lead story in the May 2014 issue of Scientific American. The physics crisis has broken out openly and none of the particles predicted by “unified matter theories” for decades have been found experimentally with particle accelerators. The physical worldview prevailing today is directed against a deeper understanding of the structure and development processes of matter. Instead, it seeks the essence of matter in mathematical symmetries of microscopic building blocks of matter that stand above nature. “Lost in mathematics” criticizes the physicist S. Hossenfelder [Hossenfelder 2018]. Instead of experimental observations, particle physics is guided by the “mathematical beauty of equations,” Hossenfelder says.
 
              However, the crisis in physics that has arisen not only affects individual disciplines, such as particle physics. In cosmology, the Big Bang theory claims the “creation of matter and energy from nothing in an initial singularity.” It is based solely on the interpretation of the redshift of the light of distant celestial bodies as a general “expansion of space” and is detached from the observable development of matter. In the underlying General Theory of Relativity, gravity was geometrized, declared a property of a curved “empty” space, a “nothing.” The “origin of matter from nothing” in the Big Bang, the “substitution of matter by the geometry of empty space” in gravity, and the interpretation of subatomic particles and quantum fields in particle physics as “excitations of nothing.” The open crisis of different areas of physics has a common cause in epistemology.
 
              This epistemological crisis of physics arose despite tremendous progress in individual topics. It began already at the turn of the 19th to the 20th century, when under the influence of idealistic philosophies, especially empirical criticism, pragmatism and neopositivism, the claim of physics, to recognise and understand matter as a reality that exists objectively and independently of human consciousness, was abandoned. Max Planck stated already in the early 1930s in his lecture: “Positivism and the Real External World” with concern: “Even this (physics) has not been spared from the general crisis. A certain uncertainty has arisen in its field, and opinions on epistemological questions sometimes diverge considerably. Its previously generally accepted principles, even causality itself, are sometimes thrown overboard.” [Planck 1949 p. 228]
 
              Every scientist works on the foundation of a worldview which affects the selection and methods of their experiments, their cognitive process and their conclusions. Worldviews are a system of theoretical views and judgments about nature and society and interact in many ways with the methodology of scientific work. Despite their diversity, however, they must all be differentiated according to how they answer the fundamental question of the relationship between being and consciousness: whether they belong to the materialistic direction according to which being, objective reality, is primary, can be reflected by human consciousness and exists independently of it; or whether they belong to the idealistic direction, whereby complexes of sensation, ideas or principles are primary, standing above reality, which is thus secondary.
 
              The emergence of opposing worldviews and their effects in the natural sciences have their origins in the division of society into classes. Every ideology bears the mark of a class. Thus, with its emergence at the beginning of modern times in the ideological struggle of the bourgeoisie against idealistic feudal scholasticism, modern natural science first produced a native materialism based on the unity of theory and practice.
 
              As revolutionary as this birth phase of modern natural science was, its further development in the turn from the 19th to the 20th century was not able to correctly interpret the new findings of the time, as a result of its metaphysical mechanical concept. Dialectics as a theory and research method of development processes had to, and did, find its way into natural science: Kant predicted brilliantly the idea of the birth and death of solar systems in space. Darwin developed the theory of evolution, the theory of the development of living beings from lower to higher levels. The materialistic inversion of the systematic exposition of dialectics by Hegel and the observation of class struggles in the 19th century formed a basis for Karl Marx’s and Friedrich Engels’ dialectical-materialistic view of development in nature and society. As a scientific worldview of the working class, it not only enriched humanity’s efforts to liberate itself from capitalist exploitation and oppression, but also the thinking and research of progressive scientists worldwide.
 
              At the turn of the 20th century, new discoveries in the natural sciences (electricity, radioactivity, effect of gravitation on light, etc.) called for these to be interpreted in a comprehensive, dialectical and materialist approach. Although even today many natural scientists spontaneously lean toward materialism, the crisis of bourgeois idealist ideology penetrated into the natural sciences: neopositivism and pragmatism became the dominant variant of idealistic epistemology in science. Although it enables individual insights, it fragments the necessary knowledge of the overall context of nature and separates mathematical theory from reality in theoretical interpretation. Thus, the concept of mathematical models becomes primary vis-à-vis matter. However, modern mathematics with its tremendous effectiveness can only support the theoretical understanding of matter and achieve quantitative predictions if it is understood as an approximate reflection of objective reality and if it is consciously applied in this sense, i.e., with the awareness of its limits.
 
              This book Self-Organisation of Matter critically examines the effect of physical idealism in the theoretical understanding of structure and evolution of matter, from quantum fields and development of subatomic building blocks to cosmology, the evolution of galaxies, and the gigantic structures of galactic superclusters. In particular, the properties and development processes of the structural planes of matter below the atomic building blocks and their relationship to the macrocosm are investigated.
 
              In contrast to physical idealism, which replaces microscopic systems of matter by a “vacuum,” a “void” that form multi-dimensional mathematical spaces, in which supposedly “superstrings” or “membrane worlds” are formed, the book consistently takes a materialistic point of view: the various quantum fields and their excitations in the form of subatomic particles are combined with the theory of the superfluid quantum æther. To this end, it builds on the progress of knowledge in the understanding of systems of condensed matter and their possibility of different quantum-fluid states, for example, superfluid states. In fact, the Higgs boson, the only new particle that was probably found at the CERN particle accelerator in 2012, was predicted back in 1964 from the theory of superfluidity [Higgs 1964]. However, this is swept under the carpet in the idealistic interpretation as the “God particle.”
 
              The most advanced epistemological theory and method, which is best suited to the complexity of scientific questions, is materialistic dialectics. It is by no means complete once and for all, but must constantly absorb new insights wrested from nature and society, and in so doing, raise itself further and further to the level of the all-embracing and systemic consideration of the overall context of development.
 
              This requires:

              
                	 
                  The critical and materialistic analysis and synthesis of a plethora of insights from modern science, combined with the critique and dialectical negation of idealistic interpretations, especially in the context of neopositivism.


                	 
                  A qualitative comparative method of investigating the development processes of various forms of matter as a materialistic basis for an approximate quantitative description using mathematical-physical theories.


                	 
                  The determination of the inner driving forces, opposing forces and contradictions that are decisive for development processes and their unfolding, depending on external conditions and influences.


                	 
                  The generalization of new dialectical-materialistic concepts of the development of matter systems, especially their development through self-organization and the role of the interaction of the development of different systems in the development of the cosmos.


                	 
                  A materialistic understanding of the nature of natural laws as emergent, as evolving and changing with the structure of matter.


              
 
              This book is intended to be a contribution to the discussion, a polemic, and a suggestion for a work program for research, and by no means a complete theory and method. It is based on studies and lectures over a long period of time in constant critical discussion with numerous colleagues. An important starting point was the work of W. Dickhut on materialistic dialectics in natural science [Dickhut 1987]. Further important suggestions came from G. E. Volovik on the critical investigation of models of particle physics in the light of quantum fluids [Volovik 2003], from F. Selleri, H. Preston, and F. Potter on the critical analysis of relativity theory [Selleri 1998, 2004; Preston & Potter 2006], from J. Lutz on development processes of the galaxies [Lutz 1991], as well as from L. Landau’s dialectical approach to physics in the socialist period of the former Soviet Union. I would like to thank K. Arnecke, F. Hessmann, H.-U. Jüttner, J. Lutz, W.-D. Rochlitz, C. Volkert, and R. Wolk for their critical remarks during the final editing of the book and others for valuable critiques and corrections, which were included in the english edition. Their mention does not mean in any way that they agree with the entire contents of the book.
 
               
                Göttingen, December 2019
 
                Christian Jooss
 
              
 
             
           
         
      
       
         
           
            1 Two conflicting directions in modern natural science
 
          
 
           
            Research into the structure and motion of matter in the microcosm and macrocosm has made enormous progress in the 20th and the early 21st centuries.
 
            The world around us produces a vastly complex variety of physical systems. In the microcosm, matter consists of molecules with their atoms, which in turn consist of different subatomic building blocks, such as atomic nuclei, electrons, and photons. It has now been proven that even the protons and neutrons as building blocks of atomic nuclei consist of quarks and gluons, which move like a “bubble” in a surrounding gluon fluid. In the macrocosm, our Earth is part of the solar system, which together with billions of other stars forms our galaxy, the Milky Way. This, in turn, is part of galaxy clusters, galaxy superclusters, and vast cosmic structures of matter.
 
            A huge amount of experimental material has collected showing that the different forms of matter form a system of structural levels that build on each other and interact with one another in their development, with length scales ranging from less than femtometres (10−15 m as the classical radius of the electron) to larger than billions of light years (1025 m as the size of the Great Wall of galaxy superclusters); see Figure 1.
 
            
              [image: ]
                Figure 1: Structural levels of matter in the microcosm and macrocosm (not to scale).

             
            Their motions, transformations, and developments run on time scales from less than one femtosecond (10−15 s for electronic transitions) to more than tens of billions of years (over 1018 for evolutionary galaxy processes). The question of the theoretical interpretation, the nature, the origin, and the laws of development of these material structures is the subject of a lively and controversial scientific and social debate. In the multitude of theories and views, there are two opposing views: the dialectical-materialistic view, according to which matter exists objectively and independently of our consciousness and is itself subject to an infinite development that encompasses all structural levels of matter. At every structural level, it produces qualitatively new characteristics and types of motion that can be researched through observation and experimentation and theoretically understood through scientific work.
 
            In contrast, the idealistic theory that is socially dominant today means a historical regression, according to which matter can ultimately be traced back to geometry, principles, ideas, and a “world formula” that stands above matter. According to it, matter originated from nothing in a “big bang” and in a linear chain of development, will finally end gradually in a heat death, unless a new big bang continues the development. Such hypotheses are detached from any practical experience gained through scientific experiments; they are based on the separation of theory and experiment.
 
           
          
            1.1 The replacement of matter by geometry and world formulas
 
            This predominant world view wants to trace the structure and development of all matter in the cosmos back to the final elementary building blocks, which are located in an “empty space,” the “vacuum.” The unity of matter is sought in geometric structures, the “strings” as vibrating energy filaments in multi-dimensional mathematical spaces.
 
            The geometrization of properties of matter by curved spaces is also a component of corresponding interpretations of Einstein’s relativity theories of gravity and rapid motion. The string theorist Brian Greene describes in his book The Fabric of the Cosmos the idealistic pole of theories of the structure of matter which is widespread today:

             
              According to superstring theory, each particle consists of a tiny energy string, about 100 billion times smaller than a single atomic nucleus (far too small for our experimental techniques today) and shaped like a tiny string. Just as a violin string can have different vibrational patterns, each corresponding to a different note, so the filaments of superstring theory have different vibrational patterns. These vibrations, however, do not correspond to different notes, but rather, as the theory interestingly claims, to different particle properties.
 
              [Greene 2004, p. 33]
 
            
 
            The theory of the origin of matter from immaterial “energy strings” is not the result of experimental observations and their generalization by induction. The superstring theory arises instead deductively from a mathematical construct combining two theories in the search for a “world formula”: 

             
              As we will see, the fusion of general relativity and quantum mechanics proposed in superstring theory makes mathematical sense only if we impose another revolution on our idea of space-time. Instead of the three spatial dimensions and the one temporal dimension of our everyday experience, superstring theory demands nine spatial dimensions and one temporal dimension. In an even more viable version of superstring theory, known as “M theory,” there are even ten spatial dimensions and one temporal dimension – a cosmic substrate with a total of eleven space-time dimensions. (…) And the space offered by the large additional spatial dimensions could open up even more remarkable possibilities: other, nearby worlds, not nearby in ordinary space, but nearby in the extra-dimensional worlds of which we have not yet noticed anything.
 
              [Greene 2004, pp. 34–35]
 
            
 
            The replacement of matter by the geometry of curved empty spaces is methodically and ideologically related to the views of the ancient idealist Plato, who rejected the materialistic atomic hypothesis and replaced matter with idealized geometric bodies. Today, the geometrization of matter in the microcosm is an essential theoretical basis of big-bang cosmology. A big bang can only be calculated by the geometrization of gravity.
 
            According to the Big Bang theory, although before the Big Bang there was no matter, space or time, there were already “laws of nature” in the form of a world formula and “initial conditions,” from which the real manifold world with all its different forms of matter is supposed to have emerged in the last 14 billion years. The origin of all matter is traced back to an absolute idea standing above matter. The idealistic processing of the discoveries has led to a deep crisis of the physical view of the world as a whole, despite all the advances in knowledge in detail.
 
           
          
            1.2 The discovery of a new structural level of matter at the beginning of the 20th century
 
            An essential starting point of the crisis of modern physics is the absolute rejection of the concept of æther, not only its unsustainable mechanical aspects, at the beginning of the 20th century. Exactly at the time when, with the discovery of quantum effects and the increase in the mass of the electron at high speeds, the first effects of deeper structural levels of matter became experimentally visible, the material causes of these effects were negated under the influence of the spreading positivism and idealism. From the justified criticism of too simple and naïve concepts of the æther developed the special and general theory of relativity as well as Copenhagen interpretation of quantum theory.
 
            The mechanical concept of æther as fluid, which “surrounds” corpuscular matter and was supposed make itself noticed by mechanical forms of motion like æther winds and elastic æther vibrations (light), had become untenable because it led to blatant contradictions to reality. Instead of finding a dialectic concept of æther, however, the baby was thrown out with the bathwater. The replacement of matter by the assumption of an “empty space,” a “vacuum,” a “nothing,” provided the fundamental basis for the geometrization of matter.
 
            Despite the abolition of the æther from the worldview of physics, at the same time, comprehensive material has accumulated from particle, quantum, and relativistic physics that there is no “empty space,” no “vacuum.” It is teeming with unstable particles, the zero-point fields. The “vacuum” can be polarized electrically and magnetically – yes, it is even possible to melt the “vacuum” (according to the prescribed language shaped by the positivist world view) and to transform it into another state of matter by means of phase transformations. The “zoo of elementary particles” known today shows that these particles are not “mass points in empty space,” but excitation states of a deeper structural level of matter. Even though these facts are known to many scientists, these contradictions are not openly discussed.
 
            Thus the prevailing doctrine includes the constantly regurgitated statement “Einstein’s theory of relativity proves that there is no æther.” Albert Einstein, however, formulated in a letter to H. A. Lorentz in 1919 that he would have abolished the idea of the velocity of æther:

             
              “It would have been more correct, if in my earlier publications I would have limited myself to emphasizing the nonreality of æther velocity, instead of asserting the nonexistence of æther at all. For I realize that the word “æther” means nothing more than that space must be understood as a medium of physical qualities.

              [Kostro 2000, p. 189]

            
 
            The idea of æther velocity was based on the mechanical worldview, which contrasted particles and æther. Einstein at times saw his theories as an expression of a dynamic æther, whose motions are determined by spatial distribution and motion of masses and which affects the internal atomic motions (slowing of clocks, the red-shift of light, length-contraction) in various ways [ibid].
 
            A decisive contribution to the consolidation of physical idealism has been made by the fact that the deterministic laws of mechanics applicable to the local motions of macroscopic bodies have given way to statistical laws of motion in the microscopic world.
 
            A number of physicists, including Albert Einstein, denied the objective reality of the novel laws of motion of particles in fluctuating quantum fields in their justified criticism of the widespread idealistic Copenhagen interpretation of quantum physics. The quantum physicist Anton Zeilinger writes:

             
              “Albert Einstein was apparently unhappy throughout his life about the new role of randomness in quantum physics. He expressed this by stressing ‛God does not play dice!’ Niels Bohr then answered that he should stop telling the Lord God what to do. From our new view of quantum physics as a science of information – as a science of what can be known in principle – a very natural explanation of randomness follows. And it further follows that this randomness is necessary and unavoidable and cannot be avoided, as Einstein hoped.”

              [Zeilinger 2003, p. 46]

            
 
            In fact, quantum theory, with its statistical laws, is the expression of objective and real random fluctuations in the location and velocity of microscopic particles. They have their origin in the excitations of the zero-point field. The random motion of particles in the statistically fluctuating zero-point field leads to qualitatively new laws of motion, which are, among other things, connected with the development of matter-wave fields. Randomness and regularity are inextricably interdependent.
 
            However, Zeilinger does not regard the laws of quantum theory as independent of the researching consciousness, but as the result of what an observer who possesses only “classical measuring instruments” can “know” about the microscopic world. This subjectivist view does not interpret matter waves as real waves, but as “tools for our thinking” [Zeilinger 2003, p. 191] and has today become a decisive obstacle to the theoretical understanding of microscopic processes. Zeilinger’s critique of Einstein’s rejection of the objectively existing randomness is therefore correct, but not the subjectivist interpretation as something that arises from limited knowledge. The objectively existing dialectic of necessity (regularity) and randomness is of great importance for the understanding of any complex development. In quantum physics, statistical laws are precisely the expression of an objectively existing self-organization process through the mutual interaction of particle motion and randomly fluctuating motions of the zero-point field. This self-organization process leads to the formation of matter waves that produce stable motion patterns while maintaining the energy and momentum of the particle.
 
           
          
            1.3 Paradoxical contradictions between microphysics and big-bang cosmology
 
            The replacement of matter with space-time geometry leads to paradoxical contradictions. Although, today, zero-point fields which penetrate the entire “empty space” are experimentally verifiable, they must be declared “virtual matter” under the effect of positivist ideology. According to this, it is present only virtually, but not real. Otherwise, there would be a blatant contradiction in the energy density of the zero-point field. Its energy density, determined from experiments and models of quantum physics, is 120 orders of magnitude greater than is compatible with a big-bang model of an “expanding empty space.” In the current Big Bang cosmology, instead, the “empty space” between visible forms of matter is currently arbitrarily filled with dark matter and dark energy in order to save the geometric theory of gravity on length scales of galaxies and superclusters and bring it into line with the observation of a flat space in the cosmos. The separation of theory from experimental observation goes so far that speculative hypotheses are advanced that only 1% of the total matter in the cosmos consists of the building blocks known to us, the atoms with their subatomic building blocks. Not that one could rightly assume that there are still unlimited new forms of matter that have not yet been recognized! No, 99% of the cosmos is claimed to be dark matter and energy, introduced to save the Big Bang model.
 
            But in theoretical quantum physics there are also great theoretical difficulties, which consist of the fact that the energy density of the zero-point field (“the vacuum energy”) rises rapidly at smaller length scales and leads to infinite values, which are treated with complicated mathematical techniques (what is called “renormalization”) in order to be able to calculate correct values of such simple quantities as the electrical charge, or the mass of the electron, at all. Interpreted materialistically, the complex mathematics of quantum field theory is a direct reflection of the fact that even “elementary particles,” like the electron, cannot be understood as “punctiform structure-less objects,” but represent complex matter structures.
 
           
          
            1.4 The anthropic principle: from superstrings to creationism
 
            Instead of systematically investigating the structure and laws of motion of the deeper structural levels of matter more and more deeply, through the interaction of experiment and theory, the arbitrary replacement of particles by one-dimensional energy strings reinforces the paradoxical contradictions. Superstring theory does not even explain the masses or intrinsic angular momenta of the simplest subatomic building blocks. This is not about details: the idea that the different masses of the electron and the proton can be explained with different vibrational states of the string leads to the calculation of masses that are 1019 times too large.
 
            The former director of the particle accelerator in Stanford, Burton Richter, has the feeling that superstring theory is a dead end. In a commentary for Physics Today, “Theory in Particle Physics: Theological Speculation versus Practical Knowledge” he discusses the latest versions of string theory, from which countless different universes with the most varied properties of the “elementary particles” can be calculated. However,

            
              “no solution that looks like our universe has been found.”

              [Richter 2006, S. 8]

            

            As a way out, the string theorists refine their constructions and flee into a fine tuning of “fundamental natural constants.” These include quantities such as the mass and electrical charge of the electron or proton as well as the strength of certain natural forces. They largely determine the structure of atoms and the structure of macroscopic forms of matter. Why are these quantities just as they are observed in experiments? Instead of understanding them materialistically as an expression of the self-organization of matter, a “fine tuning” is claimed. And who is supposed to have fine-tuned it? What is called the “anthropic principle” claims that “fine tuning” is dictated by the condition that organic matter, life, and ultimately human consciousness could form. Burton Richter writes quite aptly about this:

             
              The anthropic principle is an observation and not an explanation. To believe otherwise would mean that the development of mankind in a late stage of the universe is the cause of the natural constants being set to the correct values at the beginning. If you believe that, you are a creationist.
 
              [ibid]
 
            
 
            The combination of the world formula and big-bang models is an expression of the replacement of science by religion. George Smoot, who received the Nobel Prize for Physics in 2006 for his study of cosmic background radiation as “confirmation of the theory of the Big Bang,” answers the question of what triggered the Big Bang: 

             
              (…) Stephen Hawking’s universe, for example, needs no cause at all, it emerges from nothing and draws its power from itself. Somehow a situation was necessary where basic energy and matter are present. If the correct physical laws were added, this would automatically result in a Big Bang and a phase of cosmic inflation. The question would only be, is a God responsible for it? The answer is, of course, uncertain, as it always is when one asks how everything began and why and what caused it. It all boils down to this: someone or something must have made the initial conditions possible and set the experiment in motion, right? So, the question is: is this universe just a calculation made by someone? (…) I suspect that it will be difficult to rule out or prove the existence of a God.
 
              [Smoot 2006, p. 41]
 
            
 
            All that remained to be clarified was whether the “fine-tuning of natural constants“ was carried out by a creator with or without a beard. The metaphysical principle, which introduces an external impulse for every development, forms the opposite pole to the scientific development theory of matter and ideologically to dialectical materialism.
 
           
          
            1.5 The penetration of the positivist world view into physics
 
            To understand the effect and dominance of physical idealism in modern science and research today, we must return to its origins. Positivism was able to spread as its main form in natural science and to dominate it largely ideologically because it combines materialistic knowledge in individual questions with a subtle attack on the ability of natural science to understand matter ever more deeply and generally.
 
            Positivism originally goes back to the Frenchman August Comte, who in 1830 declared in his book Cours de Philosophie positive as a reaction to the materialism of the French Revolution:
 
             
              “The positive explanations do not offer causes which produce the phenomena one only examines the circumstances under which they arose and connects them through the relationship … among themselves.”

              [Comte 1830 p. 8]

            
 
            One of the most influential representatives of positivism at the end of the 19th century was the physicist Ernst Mach, who contributed to bringing this philosophy into physics. In 1883, he wrote in his main work The Science of Mechanics: A Critical and Historical Account if its Development, about the source of knowledge in physics:

            
              “Nature is composed of the elements given by the senses. The natural man, however, first identifies certain complexes of these elements which occur with relative stability and which are more important to him. The first and oldest words are names for “things.” (…) The sensations are also not “symbols of things.” Rather, the “thing” is a thought symbol for a complex of sensations of relative stability. Not the things (bodies), but colors, sounds, pressures, spaces, times (what we usually call sensations) are real elements of the world.”
 
              [Mach 1883, p. 457]
 
            
 
            Thus, the world exists only because human beings distinguish between different sensory complexes through thought symbols. According to Mach, one’s sensations and thoughts are therefore not a reflection, an illustration of objective reality, but the other way round: reality is a product of human consciousness.
 
            The essence of positivism’s attack on materialism is the assertion that matter is something indefinite, something abstract, something that cannot be verified by any experience and practice, and thus something “metaphysical,” that is, something outside experience. The replacement of the concept of “matter” by that of “experience” is, therefore, the only scientifically permissible one. Even if today no physicist would seriously doubt the objective and real existence of light as electromagnetic radiation with different wavelengths, which are reflected in the retina and in the brain of man in different colors, Mach’s epistemology is the ideological starting point of a whole series of idealistic dogmas in modern physics. This ranges from the idealistic Copenhagen interpretation of quantum mechanics to the rejection of a material carrier of electromagnetic fields to the questioning of the objectivity of space and time.
 
            The excellent book Materialism and Empirio-Criticism by V. I. Lenin of 1908 was the first to thoroughly examine the penetration of positivism into modern physics and to further develop materialist epistemology in the critique of “Machism.” The reflection theory of dialectical materialism states: “For the materialist, on the contrary, the world is richer, more alive, more diverse than it seems, because every step of scientific development discovers new sides in it. For the materialist, our sensations are images of the only and last objective reality – the last one not in the sense that it is already completely recognized, but in the sense that there is no other beside it exists.” [Lenin 1908, p. 123]
 
            Lenin also examines the crisis of modern physics in its early days. “The essence of the crisis of modern physics consists in the destruction of the old laws and basic principles, in the abandonment of the objective reality existing outside consciousness, i.e. in the replacement of materialism by idealism and agnosticism. ‛Matter has disappeared’ – this is how one can express the fundamental difficulty created by this crisis, which is typical of many individual questions.” [Ibid, p. 257]
 
            The present crisis of physics did not arise from the fact that a certain historical stage of development of knowledge was in a crisis. Thus, at the end of the 19th century, the laws of mechanics had to be extended and enriched by new laws of electrodynamics, relativity, quantum physics and so on. Thomas Kuhn therefore, describes in his book The Structure of Scientific Revolutions [Kuhn 1962] the emergence of crises in the natural sciences as the result of new discoveries that contradict given paradigms and are discussed as “anomalies.”
 
            However, the appearance of such contradictions and their resolution through theoretical extensions or, where necessary, corrections that can also assume the dimension of a scientific revolution, is a normal driving force of natural science. In contrast, today’s crisis, was caused by turning away from materialistic epistemology and worldview. It went hand in hand with the scientific revolution of physics in the 20th century, but has epistemological causes that ultimately stem from the development of crises of capitalist society.
 
           
          
            1.6 Popper’s attack on the inductive method
 
            The influence of positivist ideology in science has continued to be refined since the early 20th century. In the 1930s to 1950s, positivism reoriented itself, especially against the objective reality of the laws of development of nature, society, and consciousness. One of its main representatives, Karl R. Popper, tried to build a dam against the materialistic knowledge of nature. In his influential book The Logic of Scientific Discovers he denied the possibility of deriving laws of nature from the observation of reality by means of the inductive method: 

             
              In our opinion, however, there is no induction. The conclusion of the special statements on the theory verified by “experience” is logically inadmissible, theories are thus never empirically verifiable. If we want to avoid the positivistic error of excluding the scientific-theoretical systems by the demarcation criterion, we must choose this in such a way that even sentences that are not verifiable can be recognized as empirical.
 
              Now, however, we only want to recognize as empirical a system that is capable of verification through “experience.” This consideration suggests the idea of proposing as a differentiation criterion, not the verifiability, but the falsifiability of the system; in other words: although we do not demand that the system can finally be positively marked by empirical-methodological means, we demand that the logical form of the system makes it possible to mark it negatively by means of methodological verification: an empirical-scientific system must be able to fail because of experience.
 
              [Popper 1935, p. 13]
 
            
 
            The existence of theories, concepts and conceptions should be accepted without questioning the method of their realization:

            
              “We have characterized the activity of the scientific researcher initially as setting up and examining theories.”

              [ibid, p. 11]

            

            The complete rejection of the inductive method, which is a component of centuries of successful natural science, establishes the epistemological freedom to “invent” all possible systems and laws by deduction alone, which are all equal and true until they are falsified. Superstrings, rolled up multi-dimensional spaces, Big Bang – everything is scientifically allowed as long as the theory delivers individual statements that agree with individual measurement data. But in fact, materialistic insights can only develop in the fundamental unity of theory and practice as a growing infinite process of cognition. The dialectic of inductive and deductive methods is fundamental for the examination by the natural sciences of ever new stages and types of motion of matter, and its systemic overall context. The confirmation of a theory by its application in practice is the criterion of truth. A truth that will never be complete because there is an infinite dialectical process of bringing relative human knowledge closer to the absolute truth, i.e., the objective reality.
 
           
          
            1.7 Idealistic rejection of laws of development
 
            Popper’s main attack in his philosophical pamphlet The Poverty of Historicism is directed at the possibility of a scientific theory of the development of matter, of life, or even of a society:

             
              But can there be a law of evolution? (…) I am of the opinion that this question must be answered with “no” and that the search for the law of the “irrevocable order” of development can by no means fall within the scope of the scientific method, regardless of whether it is biology or sociology. My reasons for this are very simple. The development of life on earth and human society is a unique historical process. We may assume that such a process takes place according to a range of different causal laws, such as the laws of mechanics, chemistry, heredity and segregation, natural selection, and so on. Its description, however, is not a law, but only a singular historical statement.
 
              [Popper 1965, p. 85 ff]
 
            
 
            A complete regression over a hundred years after Darwin’s ground-breaking theory of evolution! As if the interaction of various lawful processes and coincidences is not always the basic condition for the development of complex forms of matter such as life, which occurs lawfully under appropriate conditions and is not a singular historical happenstance, even if the concrete course is subject to many chance conditions. Dialectical materialism also rejects the existence of a “law of the ‛irrevocable order’ of development,” for such a law would be metaphysical in content.
 
            In his polemical book, Popper denies even the existence of laws of development of solar systems from dust clouds that were already generally accepted at that time. He recognizes only the lawful character of eternally “repeating celestial mechanics” [ibid, p. 89] – so much for his corruption of “development” as “irrevocable order.” Popper thus gives the epistemological justification for the disintegration of natural science into special fields and the detachment of theory from reality. The rejection of the existence of laws of development is at the core of the ideological superstructure of scientific theory in a capitalist society shaken by crisis developments since the beginning of the 20th century. Although many natural scientists possess a natural relationship to the materialistic world view (attacked by positivism as “naive realism”), natural scientists cannot free themselves from the ideological effects of crises without becoming aware of these questions.
 
           
          
            1.8 About the character of natural laws
 
            In connection with the natural laws, Hegel writes in the Science of Logic: “The law is the reflection of appearance into self-identity; (…) This identity, the substrate of appearance, which constitutes law, is appearances’s own moment; (…) The law, therefore, is not beyond appearance but is immediately present in it; the kingdom of laws is the restful [emphasized by Hegel] copy of the concretely existing or appearing world.” [Hegel 1813, p. 4441]
 
            And Lenin comments: “This is a remarkably materialistic and remarkably appropriate (with the word “quiescent”) determination. Law takes the quiescent – and therefore law, every law, is narrow, incomplete, approximate. (…) Law is the reflection of the essential in the movement of the universe. The appearance is richer than law.” [Lenin 1914, p. 161]
 
            All laws of nature, as good as they have proven themselves in explaining and solving one or the other problem, always carry the moment of simplification within them. The rejection of a scientific theory of the development of matter by positivism is absurdly accompanied by the elevation of individual approximation models to dogmas, which could be derived from symmetries, mathematical superstructures, or even a “world formula.” Just the search for such a world formula is nothing but the search for a final truth, unchangeable for all eternity, which is diametrically opposed to the rich knowledge of physics about the mutual conditionality of the development of matter systems and their dialectical laws of motion.
 
            A striking criticism of the reductionist explanation of natural laws via a “world formula” by means of properties of elementary “basic building blocks” is made by Physics Nobel Laureate Bob Laughlin:

             
              The natural world is governed both by essential building blocks/elements and by powerful principles of organization that emerge from them. These principles are transcendent in the sense that their validity remains even if the essential elements change somewhat. (…) In other words, the laws of nature that we perceive develop through collective self-organization and really do not need knowledge of their components to be understood and applied.
 
              [Laughlin 2005, p. IX]
 
            
 
            In fact, qualitatively new properties emerge in the collective interaction of their components. Structure and motion of the individual components become part of the collective system behavior. Even a small increase in temperature can transform a solid with shear elasticity into a liquid state, for example, ice into liquid water. The shear stiffness suddenly collapses at the transition temperature and new hydrodynamic laws of liquids replace the elastic laws of the solid state. Other forms of matter such as electrons, neutrons, atomic nuclei, the magnetic flux or even a collective of soap bubbles can also assume gaseous, liquid, or solid states of aggregation, with corresponding mechanical or hydrodynamic laws of motion.
 
            These are collective orders, or motions of building blocks of matter that produce such macroscopic properties with specific laws.
 
            The manifold structures of matter cannot be reduced to a “primordial matter particle,” nor can the diversity of natural laws be reduced to a “primordial law.” Just as in biological evolution, neither the chicken nor the egg were present first, but both arose in the process of species development, so forms of matter develop in the microcosm and macrocosm with their laws of motion in a reciprocal, dialectical process. On different structural levels of matter, new qualitative laws emerge. Also, the dialectic of nature is not a “primordial law,” but must be found in concrete reality and develops new aspects with each stage of development of matter.
 
           
          
            1.9 Development from within through self-organization
 
            In the 1930s, the Soviet physicist Lev Landau, among others, provided impulses for the study of the laws of self-organization of complex systems. In his theory of phase transitions, he generalized insights from various interacting many-particle systems (atoms, magnetic moments, electrons, etc.).
 
            He explained how, despite chaotic individual motions of the individual particles, orders spontaneously occur in the form of phases determined by the appearance of new collective quantities (elasticity, ferromagnetism, superconductivity, etc.). In the 1950s, impulses came from the development of cybernetics as the science of self-control of systems by feedback. Even seemingly chaotic systems, such as molecules with a thermal random motion in gases and liquids, develop orders in the driven state far away from equilibrium. Examples are the transition from diffusion to laminar or turbulent flow or the transition from heat transport by diffusion to convection movement in ordered cells.
 
            In the 1970s, Nobel Laureate Ilyia Prigogine developed the theory that the minimization of energy dissipation has a regulating effect in the development of complex structures far from equilibrium, based on experimental investigations of biochemical processes. He pointed out that, depending on the degree of nonequilibrium, a number of patterns occur in chemical reactions which are sharply separated by instabilities [Prigogine 1977].
 
            He concludes for the development of the cosmos:

            
              “The universe – just like the origin of life – can only be the result of a succession of instabilities.”

              [Prigogine & Stengers 1993, p. 296]

            

            Consistently thought through to the end, this would be a fundamental critique of the Big Bang theory. Although he could not completely detach himself from it, he developed the consideration that the “quantum vacuum” in a phase transition transforms into developed forms of matter and gravity. [ibidem, p. 300]
 
            Important contributions to the generalization of dialectical laws of self-organization were made in the 1980s by physicist Herrmann Haken. On the basis of the formation of ordered structures of matter, for example, in the generation of laser light, or in the stable flow cells, he generalized that the formation of opposing collective types of motion, their competition, and their interaction, is a basic law of development through self-organization [Haken 1981, 2004]. The dialectic of randomness and necessity is essentially expressed in self-organization. For example, in stable dynamic states of the convection cell, the collective ordered movement determines the individual movement, “the order enslaves the individual parts.”
 
            In contrast, for the erratic transition between different patterns of convection cells, random fluctuations, and their interaction play a decisive role in destabilizing one order and stabilizing another.
 
            A Nobel Laureate in Physics, Hannes Alfvén, developed a theory of the electrodynamic development of stars and galaxies out of themselves [Alfvén 1984] based on the investigation of the laws of self-organization in plasmas. This theory was taken up by the US physicist Eric Lerner in his critical book The Big Bang Never Happened [Lerner 1992]. However, they only consider the electromagnetic structure formation of matter and neglect the existence of other structural levels of matter. The physicist Josef Lutz developed a fundamental critique of the Big Bang theory [Lutz 1991] based on a summary of the experimental observation of structure and development of different matter systems in the macrocosm. Building on the work of V. A. Ambarzumjan [Ambarzumjan 1976], he showed that, similarly to the evolutionary process of stars, galaxy systems are subject to an evolutionary process in which the galaxies go through different phases of their evolution.
 
            What is still pending today, however, is the investigation of the overall connection and the interdependence of these development processes in the macrocosm with those in the microcosm.
 
           
          
            1.10 Why a new dialectic concept of the æther is necessary
 
            A dialectical-materialistic theory of the development of matter in the cosmos today therefore requires a systemic view that includes all structural levels of matter and their interactions, and at the same time, the coining of new appropriate dialectical terms. This affects, in particular, the “æther”. Neither the mechanical concept of æther, nor that of the “vacuum state,” nor the concept of the field, are suitable for the designation of this new structural level of matter.
 
            Fields as expressions of excitations, tensions or orders are always only expressions of material processes. A new concept of æther is necessary precisely to find the unity of the different fields (electromagnetic fields, fields of gravity, strong and weak nuclear force, matter waves etc.) within a new structural level of matter. Even though the concept of a “vacuum” has undergone a subtle change of meaning in recent decades toward the “ground state of a many-particle system,” “vacuum“ is ultimately linked ideologically with the idea of an “emptiness,” and its motions as “excitations of the void.” Therefore, the new term “quantum æther” is used in this book.
 
            This term ties in with the progressive role of the concept of æther in the history of science [Steimle 1998]. In contrast to the mechanical concepts of the 19th century, however, the revolutionary findings from the research into quantum fluids are taken into account by the addition of “quantum.”
 
            Other terms are sometimes used for this purpose, such as quantum vacuum, Planck medium [Volovik 2003], Dirac sea [Dirac 1930], or continuous matter [Dickhut 1987]. The term “Dirac Sea “ is historically a first approximation from relativistic quantum theory to this new stage of matter. However, it is too closely linked to the special model of Dirac. The term “continuous matter,” first proposed by W. Dickhut in the 1940s [Dickhut 1987], is a general antithesis to the term “particle.” In his remarkable study Materialistic Dialectics and Bourgeois Natural Science, he processed the findings of quantum physics into a dialectical theory of the development of particles from the continuum, criticizing both idealistic interpretations and mechanical ideas associated with the concept of æther. Continuous matter is not a physical expression for a specific substance but a fundamental epistemological concept in the dialectic of the reciprocal change of continuous and discrete forms of matter. It means that particles are concentration points, or development products, of matter and that there is no “empty space without matter” between the particles.
 
            With the study of quantum fluids, an understanding has developed that a collective of discrete particles can form a continuum in which their individual motions cancel each other out completely in the collective. And vice versa, that quantized particles result from certain motions of continua. On the basis of these findings, it can be assumed that the quantum æther also has discrete and continuous aspects, and is only a further stage of matter as it progresses to ever smaller systems in the microcosm. Thus it not only produces different quantum fields and particles as development products, but also consists of different condensates with their forms of movement. This is proven, for example, by the occurrence of different states of aggregation of the quantum æther (Dirac phase, electroweak phase and quark-gluon plasma).
 
           
          
            1.11 Dialectics of self-organization of matter
 
            The struggle between the two directions in modern science is reaching a decisive phase. With the development of ever new observation instruments and methods, natural science is penetrating ever deeper into the microcosm and the macrocosm. Every structural level of matter, once regarded as “elementary,” turned out to be composed of new, deeper layers of matter. Every structure declared the largest in the macrocosm has been replaced by the discovery of even larger structures. Without a conscious processing of the individual findings guided by a progressive worldview, however, the crisis of physics cannot be overcome.
 
            The knowledge of the unlimited forms of matter and its motions, transformation, and development from within itself brilliantly confirms and enriches the dialectical-materialistic basic conception of Marx and Engels that the development of matter is driven by the struggle and unity of opposites and their interpenetration and is unending. Engels explains in Dialectic of Nature:

            
              “The whole of nature accessible to us forms a system, an overall context of bodies, and by bodies, we mean all material existences from the star to the atom, even to the æther particle, as far as its existence is admitted. The fact that these bodies are connected already implies that they interact with each other, and their mutual influence is motion. It is already evident here that matter is unthinkable without motion. And if matter continues to confront us as something given, both uncreatable and indestructible, then it follows that motion is also as uncreatable as indestructible. This conclusion became irrefutable as soon as the universe was recognized as a system, as a connection of bodies.”

              [Engels 1885, p. 355]

            
 
            The dialectical method also continues to develop with new revolutionary upheavals in the progress of human knowledge. New dialectical laws of motion must consciously be generalized for a theory of the development of matter in the cosmos. Such a higher level of scientific-dialectical thinking related to the overall context requires social conditions in which the upcoming tasks of mankind are solved in the interest of the common good by a collective combination of theory and practice. In other words, a socialist society, in which production, way of life and natural science can develop according to plan, in the unity of man and nature in the interest of the common good. In view of the intensification of environmental destruction, this has become an urgent question of survival.
 
            The necessary higher stage of the materialistic worldview, the materialistic dialectic, can only win through if the social causes for the flourishing of the various forms of idealism in capitalistic class society have been eliminated. Idealism, with its limitation to subjective individual knowledge, its positivist fragmentation of science, its pragmatism, and various idealistic theoretical constructs, is nothing more than today’s ideological superstructure of the profit economy.
 
            It expresses the desire of the ruling classes to maintain traditional social conditions, which is reflected in an epistemological crisis in the natural sciences and the inability to solve urgent social problems in practice.
 
            The new image of the cosmos that needs to gain acceptance is not a one-way street of development. Nor is it a reductionist one-way hierarchy of systems, according to which the forms of matter in the microcosm create the macrocosm “from bottom to top.” It becomes clear that the structure and motion of matter in the macrocosm determine the structure and forces of the subatomic particles and their ability to form structures at higher levels, as well as vice versa. A dialectical-materialistic development theory of matter out of itself through self-organization must, therefore, advance from the analysis and synthesis of the formation and development of individual forms of matter to the mutual conditionality of all essential systems and motions, to the understanding of self-organization and transformation of matter on all structural levels.
 
           
         
      
       
         
           
            2 Self-organization in many-particle systems
 
          
 
          Many forms of matter in our everyday world consists of atoms. 118 different chemical elements are known today, which differ in the number of nuclear building blocks and the number of electrons in their atomic shell. Chemical bonds of the same or different types of atoms are the basis for the formation of an almost infinite variety of types of molecules, from simple molecules such as hydrogen (H2) to complex amino acids and proteins. These consist of thousands of atoms and form the basic building blocks of life. Life with its manifold chemical, biological, psychological, and social processes certainly represents the most complex form of matter known to us today.
 
          Even in inanimate matter, extremely diverse and complex structures occur, that arise from the collective behavior of many-particle systems through self-organization. A many-particle system of atoms can form different states of aggregation from solid, liquid, or gaseous, to plasma. In them, atoms form long range ordered, short range ordered, or irregular structures. Different orders of the particles are generally referred to as phases.
 
          The type of order and the resulting collective forms of movement are determined by the struggle and unity of attraction by building atomic bonds and repulsion by thermal motion. Many-particle systems produce qualitatively different properties in each phase, which are to some extend independent of their composition. The mechanical properties of the solid phase are determined by volume elasticity, shear elasticity, and plasticity, the liquid phase by viscosity and vanishing compressibility, and the gaseous phase by high compressibility and low viscosity. This system behavior of the phases depends only slightly on the chemical composition of their individual atoms but strongly on the collective modes of motion. The transition between these states occurs abruptly in phase transitions and is associated with the appearance of new physical properties and laws.
 
          Randomness and necessity interlock and condition each other in the formation of an infinite variety of structures. Even the relatively simple molecules of water not only form the aggregate states solid, liquid, and gas but also in snowflakes they crystallize in an infinite variety of ice crystals, all of which have hexagonal symmetry, although each differs individually from the other. Their structure formation is determined by the laws of self-organization, which universally determine the motion and structure of many-particle systems.
 
          To deny them and to dismiss them like Karl Popper as “singular historical propositions” expresses a tremendous ignorance of entire research directions in materials science and the dynamics of complex systems. This applies even more to self-organization in nonequilibrium systems, in which balancing processes through the transport of matter and energy lawfully lead to completely new forms of structure formation.
 
          
            2.1 The mode of existence of atoms in phases
 
            The formation of different phases is a fundamental property of all many-particle systems. Let us consider a snowy winter landscape with a lake whose surface is frozen over. The complexity of nature that comes to light at such a sight is mainly due to the interaction of the different components: snow-covered forests, smooth water and ice surfaces, clouds, a torrential mountain stream in turbulent flow, or dripping icicles on a branch (Figure 2).
 
            
              [image: ]
                Figure 2: Coexistence of different phases of water. Left: Snow-melt in the Rocky Mountains with coexistence of solid (snow–ice), liquid (lake, drops, and clouds) and gaseous (humidity) phases. Middle: Melting icicle with phase boundaries between solid–liquid, solid–gas, and liquid–gas. Right: Ice crystal in the form of a flower. Picture left: Scott Bauer, center: Serge Melki, right: Annick Monnier.

             
            Essential for this richness of structures of matter are the thermodynamic laws of phase formation and transformation:

            
              	 
                The existence of different phases of chemically homogeneous systems, such as water, which has different mechanical, thermal, and optical properties in solid, liquid, and gaseous form.


              	 
                The coexistence of these phases under suitable conditions with the formation of sharply defined phase boundaries in which one phase discontinuously merges into another. This not only increases the variety of structures: Phase boundaries are dynamic structures: water constantly evaporates from the liquid, forms clouds and rains or snows down again. Weather conditions, course of day, and season determine phase equilibrium and phase transitions via temperature, pressure, and flow conditions.


              	 
                The existence of phases of chemically inhomogeneous systems consisting of different elements and molecules. They cannot only mix. Rather, they differentiate into a variety of different phases with different chemical composition, states of aggregation, and physical–chemical properties.


            
 
            Even a simple many-particle system consisting of only one type of molecule, such as water molecules, can form an amazing variety of different structures.
 
            The states of aggregation formed are determined by the contradictory internal forces of attraction by bonding and repulsion by temperature motion. The development of contradictory forces depends in the simplest case only on the state variables pressure and temperature. While in the solid phase, the bond forms the main aspect, and atomic motions are limited to oscillations and hopping processes, in the gaseous phase, the motion due to temperature forms the main aspect, and the bonding is limited to repulsions of the atoms; see Figure 3.
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