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ABSTRACT

In the past few decades, the vacuum has found increasing acknowledgement as the central fundamental entity on which the physical description of reality must be based. According to some physicists, it may even become the very foundation of the next era of the physical world picture.

We present an overview of the historical development of the concept of the vacuum in physics and show that there are two main stages in this development corresponding to two qualitatively different aspects of the vacuum, the static pre-quantum aspect of microscopic quantum fluctuations, and the geometric-topological aspect related to macroscopic coherent phenomena. We hope to make clear that there is significantly more to the quantum vacuum than just the electromagnetic vacuum (the zero-point fluctuations). Further chapters are devoted to showing the significance of the vacuum to quantum biology and biophysics, especially biophoton research, and to the concept of a superfluid vacuum as ultimate foundation of the vacuum and its significance in biology and biophoton research. The need for assuming a pre-physical dimension of potentiality for the understanding of organisms, and for the creation of the new discipline of vacuum biophysics as a basis of biophysical understanding is postulated. The authors maintain that the essential ingredient and foundation of a holistic quantum biophysics must be the vacuum. The fundamental quantum mechanical nature of biological phenomena will only be fully understood if the vacuum is taken into full and explicit consideration as the essence and ground of these phenomena. The quantum vacuum may serve as a framework for a unification program in biology aimed at incorporating all relevant aspects of life into a physical picture of the organism. Particularly, the understanding of the function and mechanisms of electromagnetic fields, and particularly biophotons, in living organisms may greatly profit from the acknowledgement of the essential role of the topology of the vacuum.The paper is concluded by a chapter on the possible relation between the topology of the vacuum and the morphological development and evolution in biology, and finally by some remarks on the role of the observer and of consciousness in quantum mechanics.  
INTRODUCTION

On the jacket of SAUNDERS’ AND BROWN’s book „The Philosophy of the Vacuum“ we can read the statement that „the vacuum is fast emerging as the central structure of modern physics“ (Saunders and Brown, 1991). Still considered by many to be not much more than a mathematical convenience without physical reality, in the past decades the vacuum has found increasing acknowledgement as the central fundamental entity on which the physical description of reality must be based. 

According to PAUL DAVIES „the vacuum holds the key to a full understanding of the forces of nature“ (Davies, 1985). The properties of the universe are governed to a substantial degree by the properties of the vacuum. As STEVEN WEINBERG writes: „If the vacuum would be only slightly different from what it is thought to be, the real world would look completely different and would be governed by very different physical laws“ (Weinberg, 1972). The observable behaviour of matter is not only the result of the interaction of particles and fields with one another, but also with the vacuum. The real physical world itself is even nothing than an excited form of the vacuum state (Fahr, 1989). 

According to the Estonian physicist and member of the Estonian Academy of Sciences, G.I.NAAN, the vacuum may even become the foundation of the next era of the physical world picture: „The mechanical picture of the world was replaced by the electromagnetic one; the latter by the picture we now have, the relativistic field picture. It seems highly probably to me that the next one will be the vacuum picture of the world“ (Naan, 1966). 

For the 1957 Nobel prize winner in physics, TSUNG DAO LEE, it is even conceivable that the vacuum may become engineerable (Lee, 1981).

In particular, the concept of the vacuum has become increasingly important with the growing emphasis on unification of the physical forces. Its development is intimately connected with the development of the various unification research programs (Vizgin, 1994), where it occupies a central place (Aitchison, 1991).

It is mainly through quantum mechanics that the notion of the vacuum has received a very precise and practical meaning (Milonni, 1994). As we will show (see 3. THE CONCEPTUAL DEVELOPMENT OF THE VACUUM IN PHYSICS), from its origin in the work on blackbody radiation at the onset of this century, the quantum mechanical vacuum has developed from the electromagnetic vacuum (zero-point energy), via quantum field theory, to include the fermion vacuum, and finally, in the modern unified theories, the vacuum of all four interactions, to finally become the „unified vacuum“ of supersymmetry and supergravitation. 

In the context of quantum biology, and especially that of biophoton research, it would seem obvious that the electromagnetic vacuum in its quantum mechanical form should be our principal concern, if not recent proposals of „extended electromagnetic theories“ (Barrett, 1989, 1990, 1993) had shown that the higher symmetries of the unified theories may open up new aspects of electromagnetic fields highly relevant for biology (see 7.RELATION BETWEEN THE TOPOLOGY OF THE VACUUM AND MORPHOLOGICAL DEVELOPMENT AND EVOLUTION IN BIOLOGY). Therefore we hope to make clear that there is significantly more to the quantum vacuum than just the electromagnetic vacuum (the zero-point fluctuations).

We also would like to show that the concept of the superfluid vacuum we are proposing is closely related, historically and conceptually, to the central elements of biophoton theory, namely electromagnetic theory, quantum field theory, coherence, and Bose condensation. The notion of coherence, as proposed by Fröhlich, has its roots in superfluidity research.

The quantum mechanical vacuum is the purest representative of the quantum mechanical reality.  As such it has very remarkable properties, some of which are listed in Table 1:

Table 1

	 Basic qualities of the quantum vacuum 

 and their characteristic features



	 holistic

 (= dynamic silence)  =

  
	 Vacuum is the purest

 representative of the quantum

 reality  which integrates

 infinite dynamics and complete

 silence (non-interactivity).



	 Containing 

 all possibilities          =
	 field of unrestricted 

 pure potentiality



	 self-interacting          =

 
	 self-reference

 (consciousness)



	 ideal order                =


	 state of maximal symmetry 

	 unifying                   =

 
	 integrating matter and forces

 (and probably consciousness)



	 omnipresent               =
	 all-pervading wholeness



	 interconnecting          =


	 provides fundamental nonlocal,

 interconnecting level of

 reality



	 creative                    =
	 self-active source of

 manifestation,

 source of asymmetry



	 transforming              =

 
	 source of all change

	 balancing                  =


	 containing and integrating

 opposite tendencies




The qualities listed in Table 1 can be taken as the important features of the quantum mechanical reality. These features are the reason why quantum mechanics has become increasingly important in biology.

In fact the term "quantum mechanical" may be taken as synonymous for "holistic", the essential property of all biological phenomena and of life in general. But there is one basic reason why the intrinsically holistic quantum logic of biological processes and structures may not be sufficiently understood without the explicit inclusion of the vacuum: The need of a pre-physical dimension of potentiality for the understanding of organisms.

"Life proves that actuality (factuality) is not all there is,  but potentiality is also important. Like all macroscopic quantum systems, they are emergences of potentialities into factuality“ (Dürr, 1998).

It is the discovery of physics that potentiality is an independently existing reality which can be considered as a complex physical medium (Lee, 1981). Furthermore, the potentiality of quantum mechanics has objectively verifiable effects. 

In biological phenomena potentiality is continuously transformed into actuality: e.g. food into activity, genetic information into growth and development, thought and intention into action and movement, etc. The quantum vacuum provides a unifying framework for all these transformations by defining a field of pure potentiality - an information field - which has such a structural richness that all biological structures and functions are included. The unification programme of modern physics provides us with an example how the structural richness of one field of reality (the material field) can be incorporated into the quantum vacuum. A similar programme has to be achieved for biological phenomena.

The goal of such a programme is to identify those structures of the quantum mechanical vacuum which allow an understanding of the basic biological phenomena, particularly those related to biophoton research. We should be able to explain how in the generation and development of organisms, prephysical potentialities are transformed into physical realities. On the other hand, we are interested in improving our knowledge on those more subtle, early levels of biological manifestation, where, for instance, we may have access to the formation of preconditions for illness. This may help to prevent later, manifest and irreversible stages of unhealthy conditions.

In this paper, we like to roughly outline the rationale and basic ideas of such a programme. At the same time, we will try to illustrate the possible utility of the quantum vacuum as a founding base of biophysics, and for the further development of biophoton research.

THE CONCEPTUAL DEVELOPMENT OF THE VACUUM IN PHYSICS

To make the abstract quantum mechanical notion of the vacuum  concrete, we give a historical overview of the conceptual development which has taken place in physics starting from the physical vacuum as empty space and ending with the omnipresent vacuum of the unified field of all the laws of nature.

The vacuum originally denoted space from which all matter, including air, has been evacuated (experiments of TORRICELLI and VON GUERICKE in the 17th century). This leads to the classical vacuum concept, empty space devoid of matter, but not necessarily of fields. From NEWTON to MAXWELL, many physicists of the 18th and 19th centuries did not conceive of this space as completely empty, but filled with a fluid, mechanical ether which was either thought to consist of particles, or to be continuous (Cantor and Hodge, 1981). The emergence of the concept of the vacuum in early quantum mechanics can be considered as a rebirth of the ether of classical physics, however in a very much transformed, non-mechanical form. MAXWELL’s electromagnetic theory, in which the electromagnetic field was not an independent entity, but a kind of stress in a hydrodynamic ether (for which Maxwell himself used the word vacuum), marks the transition to this new kind of ether.

The modern concept of the „vacuum“, as it is substantiated by a large body of experimental evidence, relates to an omnipresent reality which, in contrast to the ideas of „nothingness“, „void“ or „empty space“, as they are inherent in the classical concept, has the status of a „physical system“ with well defined, but uncommon, properties.

The reality of the vacuum, as it is envisioned by quantum mechanics, requires some profound modifications of our thinking. In this section, the fundamental notions are presented which ultimately lead up to a topic of fundamental importance to biology:


The relationship between the quantum vacuum and geometry.

The relevance of this relationship for biology has two basic aspects: a static and a dynamic one, which are intimately related so that in the historical development of the vacuum concept the one is used to describe the other.

Table 2 a
	Development of the vacuum concept I


	classical vacuum
	
	empty space devoid of matter, but not fields (ether)

	quantum vacuum
	PLANCK (1912); EINSTEIN and STERN (1913); NERNST (1916); HEISENBERG (1925); BORN, HEISENBERG and JORDAN (1926)
	zero-point energy (ZPE) fluctuations 

	General Theory of Relativity
	EINSTEIN (1915-16)
	vacuum is space-time metric in the absence of all fields, except gravity

	ZPE effects
	CASIMIR (1948); LAMB  and RETHERFORD (1947-52)
	observable effects of ZPE: Casimir effect, Lamb shift

	Stochastic Electrodynamics
	MARSHALL and BOYER (1960’s); PUTHOFF (1980’s)
	semiclassical theory with added ZPE interaction

	relativistic electron theory
	DIRAC (1930)
	„DIRAC sea“: fermion vacuum

	
	DIRAC (1934)
	vacuum polarization - screening effect

	(Relativistic) Quantum Field Theory
	HEISENBERG and PAULI (1929); PAULI and WEISSKOPF (1934); YUKAWA (1935)
	vacuum as unexcited ground state of quantized many-field system; quanta as excited states of vacuum; exchange forces as virtual particles


Table 2 b

	 Development of the vacuum concept II


	Geometrodynamics
	WHEELER (1962)
	transition of space-time metric, at submicroscopic scale, into higher topologies (vacuum as „quantum foam“;  „wormholes“ through „superspace“)

	
	SAKHAROV (1968)
	links vacuum fluctuations and curvature of space

	Causal Quantum Theory
	BOHM (1952, 1971, 1973)
	hidden variables; Aharonov-Bohm effect (vector potential); quantum potential; implicate order (holographic)

	Causal Quantum Field Theory
	BOHM et al. (1987a)
	super-quantum potential and super-implicate order

	Six-dimensional, geometrical unified field theory
	HEIM (1970’s-1980’s)
	vacuum-like virtual „transdynamics“

	Quantum Chromo-Dynamics (strong force) and Quantum Flavour Dynamics (weak force)
	YANG and Mills (1954); non-Abelian gauge theories (Yang-Mills theory): Wu and YANG (1975)
	non-perturbative and perturbative vacuum; anti-screening effect (asymptotic freedom); vacuum domains 

	Higgs vacuum (electroweak theory)
	HIGGS (1964)
	non-zero vacuum expectation value; order parameter

	Goldstone vacuum
	GOLDSTONE (1961)
	non-zero vacuum expectation value; order parameter

	superfluid vacuum
	SINHA, SIVARAM and SUDARSHAN (1976, 1976a); SINHA and SUDARSHAN (1978); SINHA and VIGIER (1986); PREPARATA (1995)
	two-fluid model of vacuum with absolute ground state (collective-coherent) and relative ground state (fluctuating-coherent), separated by energy gap

	( unified superfluid vacuum
	
	


The historical development of the vacuum concept, as illustrated in Table 2, exhibits two main stages corresponding to the two qualitatively different aspects of the vacuum:

In the early stage of the conceptual development, till about 1960, the silent, static aspect of the vacuum is mainly described in terms of „fluctuations“, which is a classical, pre-quantum concept of statistical thermodynamics. The biological significance of this concept is well established and is the foundation of what can be called


Molecular Quantum Biology

(see, for instance, A.S.Davydov: Biology and Quantum Mechanics, Pergamon Press, Oxford 1982).

After 1960, a completely different conceptual aspect of the vacuum started to dominate in physics. It can be characterized as geometrical, or topological, because the origin of this development is EINSTEIN’s Theory of General Relativity.

This aspect of the vacuum is mainly related to macroscopic coherent phenomena, while that of the first phase was related to the microscopic domain. The application of this macroscopic coherent aspect of the vacuum to biology provides the appropriate language for the typical biological description in which wholeness is seen in every part.

The general conceptual importance of this 


Macroscopic Quantum Biology

lies in the development of a holistic terminology and holistic methodology which relates quantum concepts directly to cells, organisms, and societies.

Table 2 c compares the two basic aspects in the conceptual development of the quantum vacuum.

Table 2c 

	
	 Stage 1

 before 1960


	 Stage 2

 after 1960

	 central concept


	vacuum fluctuations
	 vacuum geometry

	space-time structure


	 Newtonian and

 Special Relativity


	 General Relativity

	 theory


	 linear
	 non-linear



	 fields


	 quantum fields
	 Yang-Mills fields

	 domain


	 microscopic
	 macroscopic

	 coherence


	 coherent states

 (uncertainty

 relation)


	 collective

 coherence

	 biology


	 molecular
	 collective

 (holistic)




To clearly distinguish the fluctuating from the macroscopic coherent aspects of the quantum vacuum, first a short overview of basic conceptual aspects of the fluctuating quantum vacuum is given in terms of its historical development:

The fluctuating quantum vacuum was born, when in 1912 PLANCK derived the existence of a „zero-point energy (ZPE) of the vacuum“ from his explanation of black-body radiation (Planck, 1912). Planck, however, in 1914 arrived at the conclusion that ZPE could have no observable consequences and therefore abandonded the concept (Planck, 1914). In 1913, EINSTEIN and STERN (1913) found that the Planck radiation formula implies the existence of ZPE; if you add it to classical theory you get the Planck formula. They also suggested that ZPE contributed to the specific heat of gases (Einstein and Stern, 1913). In 1916, NERNST wrote that the electromagnetic field should be, even in empty space and at absolute zero-point of temperature, i.e., in its ground state, in a state of ceaseless activity (the „quantum fluctuations“ of virtual photons being created and annihililated in a time too short to be observed) and still possess a certain energy (Nernst, 1916). In 1925 HEISENBERG showed that the existence of ZPE follows from the uncertainty relation of quantum mechanics. This foundation phase of the quantum vacuum culminated in the inclusion of ZPE into Quantum Electrodynamics (QED) by BORN, HEISENBERG and JORDAN, who predicted fluctuating ZP or vacuum fields even in the absence of any sources (Born, Heisenberg and Jordan, 1926).

In spite of this, PAULI, KRAMERS and others for a long time had the „gravest hesitations“ against zero-point energy (Enz, 1974). The situation changed, when, in the late 1940’s, experimental evidence appeared that the vacuum field has a real physical existence. From 1947 to 1952, CASIMIR and LAMB showed that the ZP fluctuations have observable effects on microscopic and macroscopic levels (Casimir, 1948; Lamb and Retherford, 1947, 1950-52). Since then, besides the Casimir effect and the Lamb shift, many physical phenomena have been shown to be consequences of vacuum field fluctuations, such as the stability of atoms, Van-der-Waals forces, the spontaneous emission of light, the anomalous magnetic moment of the electron, the noise in electronic devices, and the Davies-Unruh and synchrotron radiations (Milonni, 1994). 

In the 1960’s, T.W.MARSHALL and T.BOYER developed Stochastic Electrodynamics (SED) (de la Pena and Cetto, 1996) which explains many quantum mechanical effects classically, but with the added interaction with a classical, stochastic ZPE field (Boyer, 1969, 1975, 1980, 1985). On the basis of this approach, HAROLD PUTHOFF published a series of papers in the late 1980’s, in which he explained the stability of matter, inertia, and gravitation by ZPE interaction and which greatly contributed to the recognition of the important role of the vacuum (Puthoff, 1987, 1989a, 1989b; Haisch et al., 1994). His work constitutes a bridge between the microscopic quantum vacuum (vacuum fluctuations) and the macroscopic quantum vacuum (vacuum geometry), to which a first step was provided by Sakharov (1968).

Besides the electromagnetic vacuum fluctuations of the ZPE, there are also matter (fermion) fluctuations. The fermion vacuum, also called the „Dirac sea“, was introduced in 1930 by DIRAC in order to understand the physical consequences of the first relativistic wave equation describing spin-½ particles, proposed by him in 1928 (Dirac, 1930). To explain why matter is stable against transitions from positive to negative energy states, he proposed to consider as the vacuum the state in which all (and only) negative energy levels are occupied without, however, producing any observable charge density. The DIRAC vacuum can now be conceptualized as fluctuations of virtual electron-positron pairs and was later generalized to a fermion vacuum which must have zero charge and therefore consist of particle-antiparticle pairs whose charges cancel each other.

As a consequence of DIRAC’s work, Relativistic Quantum Field Theory (RQF), the fusion of special relativity, quantum mechanics, and field theory, was developed. Here, the vacuum concept became even more fundamental. In RQF, matter and fields are characterized by quantized-field description, such that we have boson (force) fields and matter (fermion) fields; all systems are treated as systems of fields. The vacuum is the ground state, the state of minimum energy and maximum stability, of the fundamental quantized many-field system. While the ground state is a state in which none of the fields is excited, and which therefore does not contain quanta - considered as elementary particles of excitation -, the excited states of the system are those containing quanta, i.e., the particle aspect of the field. Thus the vacuum is that quantum mechanical state not containing photons. But more precisely, the vacuum must be considered to be a superposition of all states possible to the system, those containing photons and those not containing them, which is the same as saying that it contains ‘virtual photons’. According to AITCHISON (1985), it is necessary not only to consider the vacuum in its unperturbed, non-interacting state, but also the picture of the vacuum under interaction with matter. This leads to the postulate of a second, perturbative ground state, or „interacting vacuum“.

As discovered by DIRAC (1934), fluctuations in charged-particle (matter) fields give rise to ‘vacuum polarization’. It causes the vacuum coupled to particles to behave like a medium whose interactions change the properties of matter, such as mass, charge, spin, or angular momentum (Aitchison, 1985; Gazdag, 1989). Thus, the observed physical properties of matter can never be ascribed exclusively to the particles themselves; they are a result of its mutual interaction with the fluctuations of the vacuum. Matter always must be seen together with its vacuum environment. For instance, the vacuum acts as a dielectric medium and has a screening effect on the fundamental electric charge e of particles, making the fine structure constant ( distance-dependent. Therefore the apparent charge is increasing at shorter, and decreasing at larger distances. 

The biological consequences of the fluctuating quantum vacuum and its basic features, such as the Casimir effect, vacuum polarization, charge-pair binding, semiconductor vacuum structure (Dirac vacuum), are well established. As an example we mention the book „The Fluctuating Enzyme“, by G.R.Welch (Wiley, New York 1986).

Not so well known are the biological applications of the concepts from the more recent developments in unified quantum field theories and the quantum theory of macroscopic collective phenomena. In the following sections we look into the biological significance of concepts such as:



macroscopic wave function



two-fluid hydrodynamic model (superfluid model)



collective coherence



topology of the vacuum, and



field-metric interaction.

MACROSCOPIC QUANTUM MECHANICS AND  BIOLOGY

Inspired by a number of effects - such as the Third Law of Thermodynamics, and the related phenomena of superfluidity and superconductivity - where quantum effects operate in macroscopic dimensions, already some of the pioneers of quantum mechanics started to investigate the relevance of macroscopic quantum effects for biology. Table 3 lists some of the major early contributions in the field of macroscopic quantum biology:

Table 3
	E. SCHRÖDINGER (1944):“What is Life? - The Physical Aspect of the Living Cell“, Cambridge University Press, Cambridge. 
The behaviour of living organisms partly is similar to that of systems near absolute zero temperature, when molecular disorder is removed.                         



	P. JORDAN (1954): "Organische und physikalische Gesetzlichkeit"
                  in: ORGANIK (ed. F. Heske, P.Jordan, A.      

                  Meyer-Abich, Haller Verlag, Berlin.

The wholeness of a biological system is regulated or controlled via individual macromolecules (e.g., DNA) by virtue of the quantum amplification of small perturbations.

	H. FRÖHLICH (1969): "Quantum mechanical concepts in biology",

                   in Marois, ed. THEORETICAL PHYSICS AND 

                   BIOLOGY, North-Holland Publ., Amsterdam.

The specific heat at very low temperatures for the first time has demonstrated quantization on a macroscopic scale (i.e., superfluidity). Macro-concepts are always „collective“ properties. Due to thermal disorder, the phase differences between pure quantum states average out, but due to non-linear interaction, phase correlations over macrocopic regions are possible, resulting in a macroscopic wave function, which persists after the appropriate thermal averaging has been performed. The macroscopic wave function depends on space, time and a few parameters.               



	A.A. COCHRAN (1971): "Relationship between quantum physics and

                    biology", Foundations of Physics vol. 1, 

                    235-250. 

The behaviour of matter near absolute zero (e.g., of superfluid Helium) can be interpreted in terms of consciousness, volition, or self-activity. The quantum mechanical wave properties of matter are actually the conscious properties of matter, and living organisms are a direct result of these properties of matter. Quantum wave properties of matter are strongly predominant in living organisms.                      



	H. PRIMAS and W.GANS (1979): "Quantenmechanik, Biologie und

                     Theorienreduktion“, in MATERIE-LEBEN-GEIST

                     (ed. E. B. Kanitschneider), Dunckert & 

                     Humblot, Berlin

The spontaneous emergence of order, e.g., in superfluid Helium, is described in quantum mechanics as spontaneous symmetry breaking. The emergence of new levels of structure and modes of behaviour is a typical biological phenomenon. Quantum mechanics seems to be valid also in the macroscopic domain, notably in the field of biology.

	S.P. SITKO and V.V. GIZHKO (1991):"Towards a quantum physics of 

                     the living state" Journal of Biological                    

                     Physics 18, 1 - 10

The successful application of quantum mechanical concepts to the description of macroscopic systems, as in superfluidity, shows that an object’s small size is not a criterion for the application of quantum mechanics. Basic principles of quantum mechanics, such as the quantum ladder-structure of energy and the existence of characteristic eigenfrequencies, are applicable to living organisms when functioning as a whole is considered.                   


Fundamental to all these approaches is the „macroscopic wave function“, a concept which has received a rigourous foundation in the quantum theory of collective phenomena (Sewell, 1986; Preparata, 1995).

The quantum theory of collective phenomena defines concepts describing effects in very large assemblies of structural units and therefore is in many fundamental ways different from the quantum mechanics of atoms and molecules and the respective notion of the vacuum state (zero-point motion).

The macroscopic wave function gives a global collective description of the dynamical evolution in terms of a classical (but complex) wave field with a well defined quantum phase:

In this way, a biological system is one undivided whole which can be described by one single wave-function similar to the wave function of an atom or molecule. The difference to atoms or molecules is that a biological system consists of a very large number of individual units.

The collective effects require a generalization of quantum mechanics which fundamentally differs from the quantum theory of atoms and molecules.

Typical concepts of generalized quantum mechanics applicable to biological systems are:



symmetry breaking



macroscopic degeneracy



long-range correlations



distinction between local and global properties


inclusion of the effect of temperature.

Contrary to what one might expect from the internal complexity of a biological system, the collective patterns are again very simple and fit into patterns known from statistical thermodynamics and classical mechanics.

THE ULTIMATE STRUCTURE OF THE VACUUM: SUPERFLUID VACUUM

Because of the central importance of the Third Law of Thermodynamics in biology we have to look deeper into the structure of the quantum mechanical ground state (vacuum state).

The current state of physical research can be summarized as follows (Aitchison, 1985): The vacuum of a field system reflects the nature of the respective underlying material structure, and vice versa. Thus, the vacuum of biological structures certainly must be a very rich and complex one.

Three parallel streams of physical research point to the superfluid or superconductive vacuum as the ultimate structure of the vacuum:

Unified field theories (Aitchison,1985)

Cosmology (Sinha and Sudarshan,1978)

Condensed matter physics (Preparata,1995)

The idea of the superfluid vacuum has been first developed on the basis of the understanding of the behaviour of superfluid helium. The analogy between liquid helium and an ideal Bose gas was first recognized by LONDON (1938). This paper was the first to take seriously EINSTEIN’s 1924 hypothesis of the existence of Bose condensation. A two-fluid hydrodynamical description of a Bose-condensed gas and of liquid He II was first suggested by TISZA (1938). This model was then developed by LANDAU (1941) into a complete „two-fluid hydrodynamics“ for the description of a superfluid liquid.

PENROSE and ONSAGER (1956) generalized Bose-Einstein condensation (from bosons) to any system of interacting particles and used this generalization to explain the superfluidity of liquid helium. The work on superconductive superfluids has also led to the discovery of macroscopic wave functions (Yang, 1962). Based on this, FRÖHLICH (1968,1969) first suggested the concept of coherence for biological systems. He proposed that longe-range phase correlations, equivalent to macroscopic wave functions, as found in superfluidity and superconductivity at low temperatures, should be a much more general phenomenon, „particularly in systems in which some modes of behaviour are very strongly excited and stabilized far from equilibrium“ (Fröhlich, 1969) like in laser states - and he suggested that this was the case in biological systems (Fröhlich, 1969). 

ENZ (1974) has then shown that the two-fluid hydrodynamical model introduced by TISZA (1938) and LANDAU (1941) to describe superfluid Helium is of a general significance in describing the order of condensed matter, e.g. dielectric crystals, magnetic crystals, superconductors, superfluids, and plasmas.

In terms of energy, the essential aspects of the superfluid vacuum are:

Table 4         

	Energetic structure of the superfluid vacuum



	fluctuating coherent ground state (dynamism)



	ENERGY GAP



	collective coherent ground state (silence)




The essential feature of the superfluid structure is the energy gap between the collective-coherent ground state (silence) and the fluctuating-coherent ground state (dynamism).

This quantum mechanical energy gap has 3 basic functions:

· it integrates stability (silence) and flexibility 

(dynamism).

· it protects the silence of the collective coherent

 state against environmental perturbations.

· it controls and regulates the behaviour of the

observable properties of biological systems (growth, differentiation)

In the practical application of the superfluid vacuum the

              LOGIC OF THE ENERGY GAP 

is of central importance.

Inherent in the superfluid structure is the distinction of two basic kinds of coherence:

Table 5
	fluctuating coherence


	collective coherence

	coherent states


	long-range order

	minimal uncertainty

(necessary but not sufficient)


	phase coherence

coherent fluctuations

	classical behaviour of the

field


	classical field

macroscopic wave function

	neoclassical stochastic

electrodynamics


	non-perturbative ground state

	bridges the gap between

quantum mechanical and

classical behaviour


	gap-less modes

	coherent states remain

coherent during their time

evolution


	coherent evolution of

matter and field

	allow for phase transitions

in the ground state


	true lowest energy

ground state


The conceptual consequence of the superfluid structure is that it integrates three distinct approaches: thermodynamics, kinetics and quantum mechanics. The concepts and laws of these three disciplines are incorporated in the superfluid description, endowing it with an all-inclusive richness of structure which at the same time has an absolute foundation in the collective-coherent superfluid ground state. 

Table 6

	Thermodynamics


	Third Law of Thermodynamics

	Kinetics


	S-Matrix theory

(reconstruction theorem)



	Quantum Mechanics


	Stability of matter


The existence of a superfluid ground state of the radiation field coupled to biological matter is due to the photons being trapped and gaining a finite mass. However, the superfluid state has, in addition to that of a Bose condensate of photons,  the property of phase coherence due to strong coupling between matter and radiation field.

In the case of photons coupled to biological matter, Bose condensation is not the complete picture. Due to the interaction betwen matter and radiation field, collective modes of behaviour having a much lower energy than the Bose condensate may exist. 

In general, the Third Law of Thermodynamics guarantees that any  system condenses into the ground state when approaching absolute zero temperature.  In the terminology of condensed matter physics, PREPARATA (1995) has given the following characteristic features of the collective-coherent ground state which allow the low-temperature superfluid structure also to be realized at high temperatures:

· The electromagnetic radiation field naturally coupled to all atoms and molecules may give rise to the a l l- p e r v a d i n g  w h o l e n e s s  of a collective-coherent "superfluid" state of condensed matter.

· In the collective coherent state, there are only spatially coherent, gapless matter-field modes which do not leave the ground state.   

· In this s i l e n t  superfluid state, the electromagnetic coupling is amplified by the "square root of N"-coherence factor, with N being a large number of atoms which are s h a - r i n g  the coherence of the electromagnetic ground state and which, via spatial  s p r e a d i n g , define a field system having a certain coherence length.

· The collective-coherent ground state is the ground state of a field system  and thus an  o m n i p r e s e n t reality, providing a dynamic background (macroscopic wave function) for all possible excitations and thereby serving as an absolute reference state.

· Particles which do not participate in the collective-coherent dynamics have a ground state separated by an energy gap from the true superfluid  ground state. The energy gap has an  u n m a n i f e s t i n g  effect  because it protects the collective-coherent ground state from disorderly environmental influences.

· The collectiv-coherent modes are not directly observable because they are related to evanescent (virtual) particles.

This establishes the biological relevance of the superfluid state.

Now we would like to illustrate the significance of the superfluid state in biology. Special attention is thereby given to a prossible superfluid state of the electromagnetic radiation field coupled to biological matter.
SIGNIFICANCE OF THE SUPERFLUID VACUUM IN BIOLOGY
BIOPHOTON THEORY AND THE VACUUM STATE

First considerations on the possible role of the vacuum in biophoton research go back to the 1980’s, when FRITZ A. POPP first suggested that the stabilization of DNA, as well as its extraordinary optical (coherence) properties, may be due to a balance between forces originating from exciplex-excitation interference, and Casimir forces (Popp, 1989, 1992b). 

He also proposed that the Casimir effect may play an essential role in optimizing the signal/noise ratio in the information transfer by biophotons, by reducing the spontaneous transition rate (Popp, 1989). 

POPP also pointed out that one of the main arguments against the conventional „imperfection theory“ of biophoton emission is the fact that „in an activated matter of high optical density even spontaneously excited molecules do not interact with an unlimited vacuum. Rather, the Einstein coefficients of spontaneous and induced emission may vary over a wide range, giving rise to induced emission as well as to photon trapping“ (Popp, 1992a). 

In both, the DICKE theory (Dicke, 1954) and Cavity Quantum Electrodynamics (Berman, 1994), on which much of the recent theoretical work on biophotons is based, the central role the vacuum plays is well known. 

Some years ago, POPP has suggested that the virtual, non-measurable, delocalized, coherent field within the tissue, which in his theory is the origin of the measured biophotons, may be a kind of vacuum state (Bischof, 1995). Specified by him as carrier-wave field, and denoted as the realm of „potential information“ in the organism, it probably corresponds to the collective-coherent ground state of our superfluid-vacuum model, while POPP’s „actual information“ of the measured biophotons may correspond to the fluctuating-coherent ground state.

Popp has also pointed out that the interaction of biological systems, as that of any highly complex system, with the vacuum should be different from that of isolated, free particles, on which the models of physics (e.g., PLANCK’s radiation law) are based. In the tissue, the particles are in a cavity situation, such that the Casimir effect applies. They do not interact with a free vacuum. The argument often advanced against the proposition of bio-communication by light, namely that in optically dense (opaque) media this was impossible because of absorption, thus may turn into its opposite: just b e c a u s e  of their optical density, tissues may interact with the vacuum by compartmentalization (Bischof, 1995). 

Carrying this argument further, POPP has speculated that the peculiarity of biological systems may just be based in their specific interaction with the vacuum, and evolution may consist in an optimization of this interaction (Bischof, 1995).
THE SUPERFLUID VACUUM, BIOPHOTON EMISSION, AND SEED VIABILITY

In the last years the notion of the superfluid vacuum has also proved to be useful in understanding the ultraweak photon emission of seeds: 

At the last IIB conference in 1997, one of us (B.Z.) has presented the basic ideas on how both, the viability of seeds and their photon emission, can be understood in terms of a superfluid ground state of seeds (Zeiger, 1998).

The following correspondences have been proposed:

Table 7

	ground state
	kind of photons
	seed vitality



	fluctuating-

coherent

(relative ground

state)


	coherent state

(Bose condensate

of photons)
	germinability

	energy gap


	energy gap
	vigour

	collective-

coherent

(absolute ground

state)


	evanescent,

superfluid

photons
	vitality

(wholeness)


Since then, the model has been further tested, both in the field of seed vitality by deriving fundamental laws of seed science and technology (e.g., the viability equation of ROBERT), and in the area of biophoton research, by explaining the unusual properties of the induced emission, e.g. of seeds.

In the light of the SUPERFLUIDITY MODEL OF VITALITY, seed vitality and biophoton emission  are two parallel expressions of the same underlying reality: the superfluid Bose condensate of photons.

As a consequence, the germinability of seeds, for example, can be alternatively characterized by either coherence volume or coherent photons:

Table 8

	morphological
	optical



	Vo

g = ---

V


	No

g = ---

N

	V = maximal possible

coherence volume


	N = maximal possible number

of coherent photons.


The two ratios which have the meaning of a statistical partition function, are state functions which depend, via the Hamiltonian operator, on all the external parameters. As partition functions they bridge the gap between the quantum mechanical reality and thermodynamics. 

Because of their status as a link, partition functions provide a natural definition or measure for the degree of vitality :

      Vitality is highest when the system is in its

      dynamical ground state where its potentiality is

      maximum. 

Numerically this means the partition function is one.

                           g = 1

The theory thereby gives a simple picture of germinative ability:

Germinative ability is the ability of the vacuum to respond to restriction, or, germinative ability is the potential ability to manifest actual properties from the potential state.

Along similar lines, the vigour of seeds can be given a rigorous definition in terms of the superfluid ground state.
The fact that a superfluid ground state of the radiation field, coupled to biological matter, allows a unified understanding of seed vitality and seed photon emission, clearly illustrates the importance of the quantum vacuum of the radiation field in biology.

The dynamical aspect of the radiation field coupled to biological matter is characterized morphologically by the coherence domain and functionally by the coherent states of the radiation field.

BIOPHOTON RESEARCH IN THE LIGHT OF THE SUPERFLUID GROUND STATE OF THE RADIATION FIELD

Most, if not all, of the findings of FRITZ POPP in the last 20 years can be related to, respectively understood in terms of a superfluid vacuum structure of the radiation field:

Table 9 

	biophoton research


	superfluid model

	Existence of biophotons


	due to the dressing of matter

with its own radiation field

(radiation gauge)



	Photon storage in biological matter


	due to existence of

collective-coherent ground

state. Because of N2-law

in a „superradiant“ state, but

without pumping („Kühlfalle“)



	spontaneous emission


	emitted from the

(incoherently) fluctuating

coherent state separated from

the collective-coherent state

by an energy gap

carries entropy away

from the system



	Coherence of biophotons


	due to having their source in

the fluctuating coherent

ground state

(minimal uncertainty product)



	induced emission


	reflects the energetic

structure of the matter-

radiation system, especially

the nature of the energy gap

between the collective-

coherent and fluctuating

coherent ground states



	coherence domain


	region of space where photons

are trapped. In this region

electromagnetic coherence is

shared by matter (collective

coherence)



	potential information

(internal communication)


	( collective-coherent

ground state

	actual information

(external communication)


	( fluctuating-coherent

ground state (biophotons)

	dynamical stabilization at

the laser threshold with

sensitive oscillations

between both, the coherent

and the chaotic regimes of

the  biophoton field

(f(=constant rule)


	The two-fluid model provides

the necessary two-element

structure for the organism’s

ability to combine the

conservation of identity

and transformative capacity,

reactive flexibility


TOPOLOGY OF THE VACUUM AND MORPHOLOGICAL DEVELOPMENT AND EVOLUTION IN BIOLOGY

It is our conviction that the essential ingredient and foundation of a holistic quantum biophysics must be the vacuum. The fundamental quantum mechanical nature of biological phenomena will only be fully understood if the vacuum is taken into full and explicit consideration as the essence and ground of these phenomena.

In particular, we believe that further progress in the understanding of the function and mechanisms of electromagnetic fields, and particularly biophotons, in living organisms may greatly profit from the acknowledgement of the essential role of the topology of the vacuum.

The superfluid vacuum structure may then provide the bridge between the fundamental topological structure of the vacuum and the observed biological structures and functions:

Table 10 
	Biological structure

and function



	superfluid vacuum of the

electromagnetic field

coupled to biological matter



	Subtle energies



	unified field

of all the laws of nature

(self-interacting field)




THE TOPOLOGY OF THE VACUUM

EINSTEIN’s General Theory of Relativity has led to a concept of the vacuum whose geometrical structure (space-time metric) gets distorted in the presence of force and matter fields. From this, one might get the impression that without matter and forces, the vacuum has no geometrical features.

However, the work of WHEELER, BOHM and others has shown the opposite: the vacuum has geometrical structure, but this structure does not relate to the commonly known geometries of Euclid or Riemann, based on quantitative distance measurements, but is expressing the q u a l i t a t i v e  properties of space called its topology. These topological features can be seen only globally, not locally. 

It follows a short overview of some basic qualitative features of the topology of the vacuum, as proposed by WHEELER, BOHM and HEIM.

WHEELER has synthesized EINSTEIN’s GENERAL Relativity Theory with quantum field theory in his „Geometrodynamics“ (Wheeler, 1962, 1968a, 1968b). Here empty, curved space ist the only reality; particles, charge, electromagnetism and other fields are manifestations of curvature. All interactions are excitations of a dynamical geometry. In the geometrodynamic vacuum, in addition to the electromagnetic fields, the geometry of spacetime itself is subject to zero-point fluctuations. The quantization of the gravitational field leads to the assumption that gravity only has observable effects at extremely high energies, corresponding to the Planck length (10-33 cm). On this scale, the geometry is indeterminate and oscillates between several configurations. Therefore on the submicroscopic scale, space is not euclidic, but multiply connected. It not only fluctuates from one pattern of curvature into another, but rather from one microscopic topology into another. For this vacuum structure, WHEELER uses the metaphor of a „quantum foam“, a sea of bubbles of highly curved space-time of the dimension of Planck’s length, forming and disappearing in an instant. The oscillations between different topologies lead to a continous ripping of the fabric of 3-space through which instantaneous connections between distant regions of space are created, the „wormholes“ leading through „superspace“, an infinite-dimensional manifold. Through the wormholes, every point in 3-space is continously connected to every other point, creating a fundamental level of basic interconnectedness beyond ordinary space-time. The subnuclear elementary particles are collective excitations, vibration patterns in this quantum foam and thus themselves have a foam-like structure. Through their interaction, these patterns then form atoms, molecules etc. 

Certain parallels to this model can be found in another version of quantum vacuum, DAVID BOHM’s „implicate order“. In his „Causal Quantum Theory“ (CQT), BOHM (1980, 1987b, 1993) started from the possibility that quantum theory might not be complete. In the 1960`s, the notion of „hidden parameters“ developed earlier (Bohm, 1952) evolved, on the one hand, into the notion of the „quantum potential“ (QP) and, on the other hand, into the concept of the „implicate order“. The QP is a novel, additional kind of force besides the classical potential, derived from the wave function of the whole system of particles to which the particle belongs. It contains information on the whole environment of the particle, provides a strong, and direct, non-local connection between all particles of the system, and guides the particle’s behaviour according to the information on the whole system it contains. The quantum potential does not depend on the intensity, but only on the form of the wave, which makes its effect instantaneous and independent of distance. According to BOHM, the quantum potential thus explains the fundamental difference between the classical and quantum properties of matter. - The implicate order is a hidden, non-manifest order underlying the observable reality of particles and fields (Bohm, 1971, 1973, 1980). Using holography as a model, he visualized the spatially extended and separate forms of the objective world as relatively stable and independent patterns maintained by a constant underlying movement of enfoldment and unfoldment, the „holomovement“. Instead of taking extended matter and its movement (the „explicate order“) as fundamental, he postulated that the explicate order is secondary, flowing out of the fundamental implicate order - the Bohmian vacuum - through unfoldment, and again flowing back into the implicate order through enfoldment. The explicate order then is a special case of the implicate order which contains all possible features of the explicate order as potentialities. The concept implies that not only each object of the explicate order is enfolded in the whole (the implicate order), but also that, in turn, the whole is enfolded in each object, if only in a limited way. 

However, the analogy of holography had its limits. To overcome these, BOHM in the 1980’s synthesized the CQT and the concept of the implicate order, originally two independent approaches with which he had tried to grasp quantum wholeness, by extending the causal interpretation to quantum field theory (Bohm et al., 1987a). In what could be called „Causal Quantum Field Theory“ (CQFT), BOHM generalized the quantum potential (QP) introduced earlier to a „super-quantum potential“ (SQP). The actuality (explicate order) is represented by a field spanning the whole universe. In contrast to the original holographic theory, here it is the non-local SQP, depending on the wave-function of the whole universe, which not only organizes the activity of particle-like manifestations, but also their creation, sustenance and annihilation. The SQP expresses the activity of a new kind of implicate order, the „Super-Implicate Order“ (SIO), much more subtle and inclusive than the original implicate order. Not only the actual activity of the whole field is enfolded in it, but also all its potentialities (that is, the implicate order, or orders), along with the principles determining the selection of potentialities for actualization. The SIO „self-actively differentiates and organizes itself into independent sub-wholes (implicate orders), while determining how these interrelate to make up the whole“ (Bohm, 1987). As a particular and distinguished one of these sub-orders, it can create an explicate order, in which all elements have a relatively independent, stable und sustained existence and are externally related.

Like the concepts of WHEELER and BOHM, another, much less known, physical theory merits inclusion for its possible instructiveness for biological understanding: BURKHARD HEIM’s structural, geometrically quantized, six-dimensional, unified field theory of all 4 interactions (Ludwiger, 1979, 1981; Heim, 1984, 1989, 1994; Auerbach and Ludwiger, 1992; Beck and Ludwiger, 1993; Dröscher and Heim, 1996). It is a radical realization of EINSTEIN’s program of the geometrization of fields, based on an ultimate unit of area, the „metron“ ((6,15 x 10-66 cm2), through which a purely geometrical quantization is achieved. According to HEIM, the world process takes place in a six-dimensional space R6 in which the 4-dimensional space-time R4 is embedded. The entity corresponding to the vacuum in this theory are two virtual or imaginary, time-like „transcoordinates“, x5 and x6 (the „entelechial“ and „aeonic“ dimensions). Denoted as „organizational states“, they are a kind of hidden parameters which direct the process of actualization in R4. Of these two levels,  the entelechial dimension x6 represents the latent potency of being, the manifold of possible events. It controls x5 in its temporal transformation of those potentialities into a stationary, dynamically stable state. The aeonic dimension x5, a state of negative entropy,  actualizes entelechial fields into R4 whose direction of actualization is directed by x6; it selects, acausally, the ‘candidates’ for actualization from x6. Elementary particles, according to HEIM, are only elementary with respect to their matter properties, but complex with respect to their inner structure. In principle, all of the 6 coordinates can enter into their „condensation“. Ponderable matter field quanta (particles with mass) have R3 + x5 + x6 components (electrically neutral particles), or R3 + x4 + x5 + x6 components (electrically charged particles). Of the imponderable matter, photons have x4 + x5 + x6 components, while the „latent energetic levels“ with only x5 and x6 components, among them the gravitons, cannot be interpreted in conventional physical categories. They represent the purely informational „activities“ or „transdynamics“ of the virtual, prephysical  processes, of which the physical events of the manifested level are projections. The „activities“ are equivalent to BOHM’s „implicate order“. As the „imaginary components“ x5 and x6 enter into all condensations, HEIM concludes that there is no gravity-free matter, and gravity cannot be screened.

The clue for understanding the connection between the qualitative „pre-geometrical“, topological structure of the vacuum and the measurable aspects of physical and biological events, as they are reflected, for instance, in changes of the electromagnetic radiation field, may be provided by an analysis of effects like that discovered by BOHM and AHARONOV (Aharonov and Bohm, 1959). BOHM and AHARONOV have demonstrated that physical effects can occur even in a force-free region. The Aharanov-Bohm effect is quantum mechanical because it relates to a phase shift in the wave function, and it is topological because of the hole structure of the force-free region (Atiyah, 1991). 

INTERACTION BETWEEN ELECTROMAGNETIC FIELD AND SPACE-TIME GEOMETRY

BARRETT in several papers has presented arguments how the interaction of the electromagnetic field with the space-time structure can be adequately described (Barrett, 1989, 1990, 1993). According to BARRETT, this is possible by conditioning the electromagnetic field to symmetries higher than U(1). Barrett thereby adopts the Yang-Mills approach (Yang and Mills, 1954, Jackiw, 1980), known from the unification of high-energy fields, to the low-energy realm of the electromagnetic field. This adaptation is permitted under certain basic topological boundary conditions.

The logic developed by BARRETT and others (Barrett and Grimes, 1995) may become useful in understanding how biological systems can have access to the fundamental self-interacting dynamics of the unified field, via the structure of the electromagnetic field vacuum.

The starting point was an observation deriving from the analysis and generalization of the AHARONOV-BOHM (AB) effect (Wu and Yang, 1975a, 1975b).

The analysis of the AB effect has revealed that the phase of the wave function contains more information than the phase factor and that this additional information is not measurable. Only the phase factor is physically meaningful.

Table 11

	(macroscopic) wave function


	exp (i x) ( vacuum >

	phase factor


	exp (i x)

	(quantum) phase


	x = (e/hc)  ( A dr

	(magnetic) vector potential


	A


Because the quantum phase is controlled by the magnetic vector potential, this potential can be taken as the bridge between the subtle energy domain and the macroscopic coherent quantum behaviour (Tiller, 1993).

Changes on the level of the subtle energies (fundamental fields) can affect, via the vector potential, the total behaviour of the system,

e.g., the ground state electrochemical potentials of the bio-molecules in the coherence domain, 

from which the observed interactions of matter with the electromagnetic field can be derived.

The vector potential and a scalar potential, both from which the observed interactions of matter and electromagnetic fields is derived, exist by virtue of the one-parameter unitary („rotation“) symmetry group U(1), which, together with the requirement of local phase, yields the U(1) local gauge symmetry.

The vector and scalar potentials therefore have the general physical significance of „global-to-local operators“. This means that the potentials are local operators mapping global space-time conditions onto the local electromagnetic fields. In general, local operators mapping global symmetries onto local fields are called „gauge fields“.

The effect of such operations is measurable via a phase change.

In the quantum electrodynamical Langrangian, the potentials are the generalized coordinates.
The scalar potential is a store of field energy (i.e., potential energy stored when a charge is brought into a pre-existing field) and the vector potential is a momentum potential, a store of field momentum available to charge motion (Konopinski, 1978).

These potentials may be considered as more basic than the electric and magnetic forces (Aharonov and Bohm, 1959) because they are related to the universal conservation of energy and momentum, whereas the electric and magnetic forces are only convenient terms for the observed transfer rates of energy and momentum in the electromagnetic interaction.

However, macroscopic quantum behaviour in biology is largely distance-independent. Since the potentials of the U(1) gauge symmetry, and thus the electric and mnagnetic fields, fall off strongly with distance, they cannot be the ultimate basis of macroscopic quantum coherence. 

TILLER (1993) therefore suggests that the key fields leading to macroscopic coherent behaviour are operating on (a) structural level(s) of the vacuum which has (a) higher dimension(s) than space-time. This higher-dimensional structure then organizes the structure of space-time, which in turn is transduced into an analogous form of the magnetic vector potential. The vector potential then generates the respective electric and magnetic fields, which produce the observed action in space and time.

This suggestion is supported by the observation by BARRETT that a change in the phase factor leaves open the question of the origin of this change. Various causal origins, e.g., changes in the space-time metric, or changes in the conformal structure of the electromagnetic field, have a qualitatively identical result, namely a change in a phase factor. Thus, space-time and electromagnetism seem to form a dynamic interactive entity.

BARRETT in his analysis has given evidence that the U(1) symmetry of electromagnetism can be generalized to SU(2) and higher symmetries, whereby the elctromagnetic field is endowed with an essence and form similar to that of gravitation.

A „conditioning“ of the U(1) electromagnetic field into SU(2) form adds a degree of freedom to the field allowing an interacting exchange between electromagnetic field and space-time metric ( = neutrino network). Field and metric have an independent existence, but the excited states (magnetic monopoles) and phase changes of the neutrino depend on the [zero-point] fluctuations of the electromagnetic field. According to BARRETT (1989), justification for the assumption of such a field-metric exchange is found in the requirement for energy-entropy-balance conservation between field and metric.

The principle that the relation between local fields and their metric is governed by an energy-entropy conservation condition is of very fundamental importance in biology.

The conditioning of the electromagnetic field to SU(2) and higher symmetries is the opposite of symmetry breaking.

The global-to-local mappings (gauge fields) of the conditioned electromagnetic field with symmetries, are non-linear. Non-linearity means the fields are self-interacting and therefore carry over the self-interaction of the unified field into the domain of electromagnetism.

The biological significance of these symmetries and the respective non-linear fields (Yang-Mills fields) (Jackiw, 1980) is due to the connection between symmetry and general geometry (topology). 

The simple reason for the importance of geometry (topology) is the dependence of the phase on the integration path ( r ). As WU and YANG (1975b) have observed, the wave function of the system after transport on a closed curve in ordinary space and in the presence of a vector potential, has to be multiplied by a path-dependent phase factor. Another non-integrable phase factor arises from the adiabatic transport of a system around a closed path in momentum space.

Such topological effects may be of great biological significance. Further research should look into the biological interpretation the potentials as operators depending on geometry and global boundary conditions, because this is equivalent to probing into the informational substructure of the vacuum.
CONCLUSION AND OUTLOOK: THE ROLE OF THE OBSERVER IN QUANTUM MECHANICS

In our analysis of the relationship between quantum mechanics and biology, we went a far way from

the quantum vacuum, the omnipresent transcendental wholeness,

to the superfluid vacuum, which is alive with immanent wholeness in its every part.

In the statistical interpretation of quantum mechanics, the quantum vacuum has a vanishing expectation value, while the superfluid vacuum has a non-vanishing expectation value.

What we have left out in this discussion, up to this point, is the role of the observer. But because the observer is the representative of consciousness, which we believe must be considered as the ultimate reality of all biology, we like to mention some basic results about the relationship between quantum mechanics and consciousness. The inclusion of consciousness in our discussion is necessary because of the controversial nature which this topic still has in the scientific literature due to lack of interdisciplinary communication.

In the 1970’s, when macroscopic quantum states in the brain first were predicted and experimentally discovered (Domash, 1974), theoretical physicists, with a few exceptions (Walker, 1970, 1974; Oteri, 1975; Puharich, 1979), still felt that quantum mechanics had nothing to do with consciousness or human life (Primas and Gans, 1979).

But the actual development in the field of consciousness research has revealed just the opposite: quantum mechanics can be understood as a description of the fundamental nature of consciousness in the interplay between the observer, the process of observation, and the object of observation. 

Any object that is subjected to an external observation can always be regarded as part of a larger wholeness which includes the observer. In this way, the statistical interpretation of quantum mechanics is understood as a consequence of the artificial separation of the observer from the object of observation.

In the Everett-Wheeler interpretation of quantum mechanics, different observers are characterized through their memory.

The way the world is seen by a particular observer depends on his memory states. These memory states have to be classical states.

Thus, in principle such memory states can only exist when the quantum mechanical superposition principle has a restricted validity. This again means a restriction of the maximal possible symmetry of the vacuum, which under suitable conditions allows for coherent domain structures in the vacuum that can have macroscopic dimensions.

A consciousness-oriented interpretation of quantum mechanics therefore also naturally leads to the requirement of a superfluid structure of the vacuum state of consciousness itself.

Neurophysiological research seems to confirm such a conclusion. Recently JIBU, PRIBRAM and YASUE (1996) have recognized the necessity for a superfluid radiation field to explain the relationship between conscious experience and memory storage.

Last, but not least, the problem of consciousness is intimately connected to that of how meaningful measurements of macroscopic quantum systems can be made. Through statistical data-gathering, only certain trends of macroscopic behaviour can be recognized. To really perceive the phase of the macroscopic wave function requires that there be a matching, or coherent overlapping, between the observer (or measuring device) and the observed phenomenon (Wu and Yang, 1975b). This condition is realized by reducing the influence of incoherent fluctuations by virtue of the Third Law of Thermodynamics. Another realization of coherent overlap between observer and object of observation is through self-mapping (Wu and Yang, 1975b). Coherence cannot be demonstrated by incoherent measuring arrangements. Thus we suggest that beyond the actual measuring arrangements which destroy coherence, ways of measurement may be developed in biophoton research, along the lines suggested by Wu and Yang, that are able to bring measurement to a new level and extract more relevant information from living systems.

However, the full ability to reliably detect the different macroscopic quantum phenomena, and to discriminate them from ordinary (i.e., chaotic) classical phenomena, may only be reached through the use of such coherent measurement arrangements by humans that have fully developed their own coherent, conscious capacity (memory states), as suggested by Tiller (1993).

As a closing remark, we would like to point out that biophoton research, in the perspective of the extended superfluid approach, may become the point of departure for a vacuum engineering of the radiation field, as predicted by T.D.Lee (1981).
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