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Abstract:

| present compelling arguments for the ontologprahacy of matter in the nature of physical
reality, by examining the premises of creationsttice and dissolution of information. A
clear distinction between matter and its physitates that translates to the distinction between
bits and their information states is established atrive at this result, directly from
requirements of quantum measurement. Then itaa/shhat this alone allows the exponential
measure of the information potential of a finitecamt of matter. En route the argument, |
point out that the consistency of black hole thetymamics also requires the ontological
priority of matter over information. | conclude Wit discussion of the universe as matter and
its self-referential information landscape.

I ntroduction

There are perplexing undecidabilities that touah tbry foundations of thought and science.
While ‘chicken and egg' has a vanishing point i dleep recess of evolutionary time scales,
guestions on whether matter is more fundamental #pace and time, fields, information or
even consciousness lingers on from time immemor@bmparing the ontological status of
two entities that are both fundamental and famhasupposes the reality of both - otherwise
they would not enjoy the status of familiarity ofperience. The familiarity in the case of
matter is of sensory experience whereas that ofnmdtion is at an internal level of awareness.
The fact that ultimately both kind of experience® dinked to the human awareness
complicates the matter of decision making. Whilging to show that matter is more
fundamental than information, | do not intent tealiss whether one has a more tangible
physical reality than the other. In fact, the vieaken here is that the issue of real existence
independent of perception is irrelevant for humadeavors like science. What is required is
internal consistency and stability of the perceipatterns of nature. While it is reasonable to
extrapolate that to an underlying objective realityis not a logical necessity for building
theories.

Before we discuss the reasons to claim primarylogical status of matter over
information, after accepting physical reality oftloit is worth examining how the opposite
view, where information is given the primary stataame about. In the ancient wisdoms, it
arose in seeing the external world as a projeatiotie internal mental world. The proverbial
serpent and the rope, where a live and lethaltyeigliperceived in the inanimate coiled rope,
exemplifies how reality is constructed out of ameraction between matter and mind. The
inseparability of the ontological and epistemoladji@spects of such reality is in fact the source
of the hard problem of realism.

In the modern context of rigorous classical phgisan attempt at formulating dynamics
without matter was tried by Newton, and the progriited. The information content of
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dynamics, in the form of the physical law, was ptaed from experience and yet, Newton
could not present the arena of space and time yioardicswithout referring to mattefThe
difficulty is evident in Newton's Principia [1]: 'i#solute space, in its own nature, without
relation to anything external remains always simédad immovable. Relative space is some
movable dimension or measure of the absolute spadaesh our senses determine by its
position to bodies, and which is commonly takenifomovable space. But because, the parts
of space cannot be seen, or distinguished fromamm¢her by our senses, therefore in their
stead we use sensible measures of them. For frerpdkitions and distances of things from
anybody considered as immovable, we define allggdaand then with respect to such places
we estimate all motions..." Similar statements aumtbabout 'time' as well.

This situation was addressed again and criticatiglyzed by Mach who attributed the
deciding properties to matter [2]. Einstein's gahé¢heory of relativity neutralizes this and
attributes equal status to matter and its graemadi information content, as the curvature of
space-time.

It is with the necessary Boolean 'yes' or 'no'umeatof physical realization of
phenomena in quantum physics one comes acrosssine of whether 'it' is primary or 'bit' is,
in the most discussed context. The actualizatibrphysical reality in quantum physics
happens through the device of a measuring appaaagisneasurement and hence, there is a
widespread tendency to attribute the primary stéduthe answer, identified as information,
over the material entity about which the questicesvasked. In John Wheeler's often cited
description [3], In some ways, the electron, before the physicistoshs to observe it, is
neither a wave nor a particle. It is in some samgeal..Not until you start asking a question,
do you get something...every it - every particleerg field of force, even the space-time
continuum itself - derives its function, its meagiits very existence entirely - even if in some
contexts indirectly - from the apparatus-elicited\aers to yes-or-no questions, binary choices,
bits." The key idea here is the 'actualization' pbfysical reality on measurement by a
'participatory’ observer.

Surprisingly, itis in the context of quantumangand Wheeler's assertions that we can
prove the primary ontological status of matter meestily and convincinglyAssertions based
on reasoning of the kind used by Wheeler incolyeatientifies the physical state of matter
with matter itself Wheeler identifies the state of the electrorhwiit and the answers in a
guantum measurement with 'bit'. Indeed, in arclarin honor of Wheeler's 90th birthday in
1992, Zeh wrote [4], Schrodinger's wave function shows many aspects dtade of
incomplete knowledge oinformation (“bit)...Nonetheless, quantum superpositions (sash
represented by a wave function) define individoiaysicalstates (“it”)". When this muddle is
resolved, the primary ontological status of mattearly presents itself without ambiguity. If it
were for the sake of argument, the proof couldrbmediate by noting that Wheeler himself
presupposes the 'apparatus’ for gaining informatibthe state; information iapparatus-
elicited in his description. '‘Apparatus' in whatever fosnmatter, loaded with a structure of
purpose, which is its information content. Howeuedp not take that shortcut here. | want to
discuss in detail the creation, existence (reptasien), and dissolution of information and
their relation to matter to arrive at a definitenclusion about the ontological relation between
matter and information.



Matter, Spaceand Time

Matter, in our standard description, is all of thedamental particles including the
bosons that are carriers of interaction. The stahadaodel of particle physics is the most
structured model of the material world and has earclclassification for matter and their
interactions described in terms of matter itsaif.the relativistic quantum picture, field is
classified as 'material’ with energy-mass equiva@eiVe can include space and time into this
picture, for space and time are defined by matéthout matter anywhere, it is difficult, if not
impossible, to deal with concepts of space and.tinfi® quote from Einstein’s forward to
Jammer’s book [5], “...two concepts of space maycbatrasted as follows: (a) space as
positional quantity of the world of material objecib) space as container of all material
objects. In case (a), space without a materialabbgeinconceivable. In case (b), a material
object can only be conceived as existing in sp&mh space concepts are free creations of the
human imagination...". In any case, the concepinoé¢ is entirely dependent on the existence
of matter. There is no clock, even in the abstratihjout matter. All our notions of time are
related to the difference between two distinguishatonfigurations of matter. Einstein's
equation of the general theory of relativity suggesn equivalence between matter and the
properties of space-time (not between matter andesgime, though).

I nfor mation

A good signature of what 'information’ is may berfd by examining the measures of
information. All its good measures are proportional the logarithm of the number of
representational configurations. The counting offigurations is an essential feature, and the
keyword is ‘configuration’ itself. From this poiot view, matter enters as the primary entity
since by configuration, the only sensible meanimgoan ascribe is an arrangement, or state, of
matter. Empty space, flat and infinite, has no rimfation content. It has zero entropy. One
might think that this is an extreme statement sigweh space has a description in terms of a
metric, and isn't that information? We should lrous here, and assert that in truly empty
space there are no observers or test particles¢ales or clocks, and therefore its metric is an
empty concept, devoid of any reality.

Information, in its most general sense, is aribaite of ‘'something’, and the object has
the claim to be more fundamental than its attripasealready been argued in J. Barbour's essay
addressing the relation between matter, informa#iod discreteness [6]. What we want to
elaborate here is exactly how this attribute isgagsl and see whether there is any sense in
which one can claim that the creation of the attebimplies the actualisation of physical
reality for matter. That is the closest one may edim claim primary ontological status to
information. However, we will see that in spite thle attribute providingneaningto the
existence of matter, a very important and essefa&lre from anthropocentric point of view,
the fundamentality of the ontological status of teratemains intact.

L aws of dynamics and physical evolution

Physical systems evolve and motion or changelafioaal position in space is the most
familiar template for evolution. 'Time' is an ess&nunderlying concept, which itself is an
evolution or a generalized motion of a physicaltelys amenable to some control and
standardization. Therefore dynamics in a physigstiesn - the evolution of the configuration of
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matter - is a relationship or correlation with ey configuration of matter, usually isolated
enough from the first so as not to be perturbecrsdy by the former. The next important
feature is a 'law of motion'. Newton's law of nootiis a familiar example. The law of motion
specifies how a configuration or a physical stdtenatter transforms to another when some
external conditions are specified. Hence the keycepts are specification of a physical state of
the physical system whose dynamics is monitored @mad of the external world. This
specification including the law itself may be cléissl as information.

It is possible to demarcate portions of dynamesadlution as cause and effect, to help
in the construction of a world view amenable tolgsia. However, it is more appropriate to
view physical evolution as a series of transfororaion the states (configurations) of matter.
A very important aspect to note is that evolutienalways a correlation, with another
configuration of matter, usually chosen by conwamtiindeed, all semantic information is a
correlation with a convention. This concept imnagelly implies time as a physical entity.
While the measure and sense of time is deterniyethe evolution of such a information
correlation, the seat of the underlying informattemplates is matter, like a quartz crystal or
an atomic sample. Change requires an object afgghdEmptiness cannot change. There are
no manifestations of even quantum vacuum fluctoativithout any matter present; Casimir
force requires the material boundary. In facts tacknowledgement of matter is necessary
because time is affected by gravity and motionhkwtwhich are modified by matter and in
turn, affect matter.

The law of motion itself can be ascribed a matdrésis as in Mach's proposal [2]. A
discussion of this with generalization to relatiisdynamics, in the context of presently
established cosmology, may be found in referente [7

There is great amount of inter-convertibility mese configurations as far as description
of physical evolution is concerned. For examples Hpatial motion of a particle can be
described in terms of a correlation with the premes of a spin of another particle, with the
precession serving the role of time. However, therao description of dynamics without at
least one suchaterialreference configuration.

Therelation between matter and information

Our fundamental assertion is that information asphysical entity is in close
correspondence with the physical state of mattather than in correspondence with matter
We use the terms state and configuration interobaolg in this discussion. A physical state is
one where values of measurable or observable @#shkare specified on the material particles.
We have already clarified that all measurementseasduation of a correlation with a prior
template. The direction of the spin of a partisl@n observable attribute. However, a reference
direction is necessary for this to make semantisseThe actualization of information can
happen either at the stage of preparation of &,statat the stage of observation of the state,
and both requires material apparatus. This negessdear in the context of quantum theory,
in which the apparatus is a special entity and Ipigdtision in the preparation or measurement
necessarily needs apparatus that is as 'classscpbtssible, involving a large number of quanta
in its existence. Otherwise both preparation andsuement disturb the apparatus, as well as
the physical state.



With this preamble, one can examine in detail hofermation is physically realized.
There are three levels of reality we need to carsidne is that of matter, as material particles,
with attributes like spin, charge, energy, momentwetc. familiar from the standard model.
Second is the physical state of such particles prming ofvaluesthese physical attributes can
take, like the direction of spin, amount of energyymentum, position on a trajectory etc.
Sometimes the values these physical propertiesaeified only for a set of particles, as in
entangled systems. There is a very clear diffexrdratween the particle and its physical state.
A material entity, from a fundamental particle toanplex clock, can evolve through a set of
physical states, as the law of dynamics allowsinieraction with other material particles
without changing its characteristic material natua@ electron remains an electron as it
precesses in a magnetic field. The third leveledlity is therepresentationof the physical
state. This can reside in the same material pestiak in classical dynamics, in an abstract
guantity as in a wavefunction, or in another systdmrmaterial particles as in computation. In
all cases, the observable representation of thsigdiystate is what accessible information is. It
is at this level finiteness and discreteness besoameintegral feature. We do not yet know
whether these are also fundamental features oespadt time.

So far we have not fixed the ontological propert¢ these three levels. However, it is
clear that the material entity is not the samdsaphysical state. By this we do not mean that
an electron is a meaningful entity without a spmcbarge. Given a single unit of such a
material entity with spin, charge etc. its physistdte has numerous possibilities specified by
their relation or correlation with other materiaitides. Thus, an electron with its spin up
relative to a magnetic field (created by a cur@ntharged matter) has a physical state that is
distinct and different from one in which the spgndown. It is the property of thgotential of
matter to possess physical states we adbrmation potentigl or the ability to have
information contentlt is precisely this property that endows the mialeentity, like the
electron, the serve as a bifowever,nformation is the physical statd the 'it', and in turn that
of the 'bit'. We now see clearly thidt is indeed the 'bit'both with information potential. But
neither is information itself.

Just as one should not confuse between the magatity and its physical state, one
should also not confuse between the holder forim&tion, thebit, with information itself. So,
while material entities like an electron can be aqd to a 'bit’, in the sense of possessing
information potential, the electron itself is nbe same as its physical state or information
content. In this sense, the question ‘It or Bit®es in confusing material entity with its
physical state. Matter is distinct from its phys$ictate, and the bit is distinct from its
information state.

With this clarification asserted, the ontologigalority of matter over information is
self-evident, at least in the context of classaysics. Also there is no more confusion in
equating 'it'" with 'bit’, since information is tpaysical state of the bit and not the bit itsélie
will discuss in detail this issue in the contexgofantum physics in the next section.

The amount of matter within our causal horizohmsted, and the accessible matter is
even more limited. Proliferation of information tvilimited matter is possible because the
number of distinguishable configurationseisponentially largerthan the elementary material
entities that encode or represent the informatibhis needs the material entities to be
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independent in a spatially resolved and distingaliéd matter. Then the physical state of each
can be independently prepared and observed. pM&thtwo physical states and N material
entities, the maximum information potential {8, 2qual to the distinguishable configuration
states of N bits. However, an atom consisting lafrge number electrons, protons and neutrons
- all fermions - have information potential thatlimited to much smaller magnitude that its
maximum, at least in the practical sense, becawst af its individual material entities are not
accessible for state preparation or observatiatedd, its interactions with the external world
might be determined by just one of its unpairediglar as in whether the particular atom
behaves as a boson or a fermion to the externddw®herefore, what is important is the
accessible number of distinct configurations of teratThis dependence of the measure of
information on accessible states of matter rei®rour assertion of matter being more
fundamental than information.

Another related issue that stresses the primatyraaf matter is the importance of
order. Ordering in space and time is an essefe@lre of information storage and retrieval.
When this spatial orderings changes, the informatself changes.

Evolution of statesand information in the quantum world

All evolution of information can be written as éwiion in state space, from an initial
state to a final state with an appropriate trams&dion matrix whose elements may be
continuous or discrete. Symbolically,

(], =[T][1]
One may note here that in real terms, there isenargl dissipation in the time evolution of
information and also conservation constraints, thede need to be added in the transformation.
The vectorg 1] are states of matter and a closer inspection teveat the matriT] consists

of interaction involving external fields and matterdeed, the specifications for the evolution
of information in this sense is an equation of moti At this level, the structure of description
is the same in classical physics and quantum phy$ite difference arises in how the physical
state is specified and what the equation of evatuis. An additional feature of importance is
boundary conditions that define constraints, amsl ilecessarily involves specific arrangement
of matter itself.

We now discuss an important subtlety about thaticel between state, reality and
information. Even if we accept and agree aboutdadity of matter, within any philosophical
position on realism, we still need to deal withtagrunobservableg prescribing the physical
states of matter [8]. This issue arises in quartheory acutely, where the state is specified by
a state vector with a spatial projection as a wawefon - this is arunobservableguantity,
though often equated to a matter wave in the cordésingle particle quantum mechanics.
The unobservable and often non-localized wavefancts not matter. Only its relation to
probabilities of measurement results are specified the theory and accessible by
measurements. It is reasonable to claim that thesfuaction (or state vector) is equivalent to
information. However, there is a real differencéwsen potential information encoded in the
wavefunction and the information that is realizdttraa measurement, which defines a new
‘collapsed’ wavefunction. The information encodedhe wavefunction is not residing in a
material entity and its reference system direciyd the physical state represented by the
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wavefunction does not have definite values for pasible physical attributes of the material
entity. That would go against the uncertainty ppte This is an important difference from
classical physical systems.

Therole of the observer

The role of an observer in the actualization efitiformation, during a measurement of
the physical state of matter, is always an intevadbetween matter with matter, with a series
of intermediary apparatus for sensing and amplifor. Each of these interactions results in an
entanglement. Resolution of a final definite ststgpossible only by postulating a classical
apparatus, or an observer who can reduce the detaegt superposition to a single product
state consisting of a definite states for the oleand the system. This final state information
resides both in the system and in the observerpdstt in very different material
configurations. For example, the physical stateéhef electron spin being up in a coordinate
system is the totality of physical states of thestiuent particles of the reference frame and
the electron, and the observer holds the samenmaition as interconnections of a complex
network system of neurons, memory, associations Atty attempt to bring in a special role
for consciousnessto this scenario of state reduction is fraughthvthe danger of excluding
consciousness from the scope of the laws of physicsonsciousness obeys the laws of
guantum physics, then there is no choice but ttgyaate in the series of entanglements after
the interaction. For consciousness to be able géakbsuch entanglement and finally lead to a
definite reduction of state, it has to be outside domain of quantum mechanics. As well
known, decoherence within the conscious brain isemough to effect the final measurement
result in individual observations, though it is qdate to account for the averages (density
matrix). In this sense, no special role supet@nta measuring apparatus can be assigned to
the conscious observer in measurement theory. Hewvelie epistemological purpose of
observation is complete only when the consciousmes is involved, both in classical and
guantum physics.

Gravity, thermodynamics, and information:

There are two contexts where a deep relation dmtwgravity and information is
relevant. One is black hole thermodynamics [9] #m&l other is the view of gravity as an
emergent phenomenon [10].

The well known relation between gravity and thedyramics in the context of black
hole physics is considered to be an important poittt deeper physics. A large body of related
work probes the connection between entropy anditgteonal information, by trying to
identify and count distinct configurations of grational degrees of freedom and equate it to
the black hole thermodynamical entrop§/ 412 whereA is the area of horizon ard is the
Planck length. In this picture, the surface graeit the horizon is the temperature of the black
hole. Both the area, A=4nR’=16nGM?/cand the surface gravity,
g=GM/ R = ¢/4 GMaredetermined by the amount of matter

The apparent 'paradox’ of the entropy reducinzeto as the temperature goes faster to
infinity during black hole evaporation is solved anir approach, where matter is given the
ontological priority. Only in the case where theotthermodynamic quantities are directly
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supported by the amount of matter localized inblaek hole, rather than by the kinetic energy
content of matter (physical state), the entropyfése area) can go to zero while temperature
(surface gravity) goes to infinity, as the blackenevaporates. We then have a consistency
proof that in the context of black hole thermodyi@nmatter is ontologically primary and
information entropy takes its support from matter.

Another issues of relevance here is the ‘inforomatoss paradox' [11]. If matter falls
into the black hole and thermal radiation is whateeges from it as a result of Hawking
evaporation, isn't the evolution spontaneously ndgaty? Statement of this problem in terms
of matter that falls under gravity and disappeats the horizon presupposes the ontological
priority of matter over information. However, it \ery important to note that this is an
observer dependent phenomenon. For all observésgieithe black hole, not in free fall into
the black hole, (which includes the observers ath¢anothing can fall into the black hole
because of the general relativistic time dilatiantdr that diverges at the horizon; matter then
takes infinite time to reach the horizon. $anformation is linked to this class of observers
there is no information loss problerfObservers, who are comoving, fall together i rest
of the matter and its information content, andiragiaere is no information loss for them).This
is a rigorous general relativistic result.

In a more general view, the equivalence principhplies primacy of matter over
information as far as gravity is concerned, by dsgg the universality of free fall of matter
independent of its information content.

In the approach to gravity as an emergent phenomégti], one seeks gravity's origin
in the thermodynamics of 'space-time' and henctherconfigurations of space-time itself. In
this view, space-time and its microstructure igmany and matter is secondary. While this
program has pointed to certain interesting conoastiit has not succeeded in deriving matter
out of space-time thermodynamics.

I nformation decoherence, memory and history.

The ontological priority of matter over informatiomanifests strongly when we
consider the dissolution of information, which magy called decoherence because information
is a correlation. The second law of thermodynansigaost crucially applicable to information.
Useful information always resides in a spatialiyited configuration of matter. Hence, any
coupling to rest of the matter through any infonimrattransfer channels can change the matter
configuration thermally, due to fluctuations driviey energy or even phase transfer. This leads
to information decoherence and hence, degradatioremory and history. Altered information
is also information, but the correlations with poais templates are now different. We see
clearly that information decoherence can occur eeithhy decohering the represented
information or by decohering the reference templatecorrelation is destroyed by decohering
either party and this stresses again the mateasistof information. What is decohered and
altered is the physical state and the materiakyergi not altered - an electron with its spin
remain one with the same spin, but all referengesdirection might be decohered.

The importance of stable 'classical' referenceptates is then evident. Without a
biasing magnetic field that is strong and stablbjctv in turn refers to the magnitude and
stability of a current of charged matter, spinssareceptible to the smallest of perturbations.
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Matter, information and the universe

We conclude with a discussion on the big bangerms and the puzzle of how matter
was created from nothingness. This necessarilysneednaterialize' some prior information
constraint like the total energy being zero, whigturally leads to a flat space-time universe
with matter, as observationally confirmed. Howewee do not make a any speculative
judgment on the relative priority of matter andoirmhation in the singular context of the origin
of the material universe. However, it is possibleshow, generalizing Mach's idea, that the law
of dynamics and relativistic effects follows frotretgravity of the matter-filled universe [7]. A
self generated universe should also be a self simmsiuniverse where matter and information
stably participate in a mutually sustaining evaluati

A true informational representation of the unieers self-referential and leads to an
infinite regress. A book on the contents of thevarse necessarily will need to include the
book itself, initiating the infinite regress. This similar to P. W. Bridgman's example of the
London map displayed inside the city of London [12A true representation will need to
display the map in its location, which in turn regs a series of 'Russian dolls maps'. This is
avoided by resorting to approximation of truncategresentation, possible precisely because
information as a physical entity takes its supportmatter and its configurations. One has to
give up exactness of representation when limitatiohhandling matter makes it impossible to
represent information, even in principle. The d#fece is that in the case of the map, the
dilemma can be avoided and 'true’ representatinrbeaclaimed by taking the map out of the
city, whereas there is no such choice in the caigedJniverse.
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