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Representation of the universe as a dendrogramic hologram endowed with relational interpretation

A proposal for a fundamental theory is described in which classical and quantum physics as a representation of the universe as a gigantic dendrogram are unified. The latter is the explicate order structure corresponding to the purely number-theoretical implicate order structure given by p-adic numbers. This number field was zero-dimensional, totally disconnected, and disordered. Physical systems (such as electrons, photons) are sub-dendrograms of the universal dendrogram. Measurement process is described as interactions among dendrograms; in particular, quantum measurement problems can be resolved using this process. The theory is realistic, but realism is expressed via the the Leibnitz principle of the Identity of Indiscernible. The classical-quantum interplay is based on the degree of indistinguishability between dendrograms (in which the ergodicity assumption is removed). Depending on this degree, some physical quantities behave more or less in a quantum manner (versus classic manner). Ideologically, our theory is very close to Smolin's dynamics of difference and Rovelli's relational quantum mechanics. The presence of classical behavior in nature implies a finiteness of the Universe-dendrogram. (Infinite Universe is considered to be purely quantum.) Reconstruction of events in a four-dimensional space type is based on the holographic principle. Our model reproduces Bell-type correlations in the dendrogramic framework. By adjusting dendrogram complexity, violation of the Bell inequality can be made larger or smaller.

Introduction

The last several years have been characterized by new attempts to analyze quantum mechanics from a realistic perspective [START_REF] Cohen | Realism and Causality II : Retrocausality in Energetic Causal Sets[END_REF][START_REF] Cohen | Realism and causality I : Pilot wave and retrocausal models as possible facilitators[END_REF][START_REF] Fuchs | [END_REF][START_REF] Smolin | Einstein's Unfinished Revolution: The Search for What Lies Beyond the Quantum[END_REF]. Our theory, the Dendrographic Hologram Representation of Physical Processes (DH theory), originates from the very natural foundational principle, namely, Leibnitz's principle of the identity of the indiscernible [START_REF] Leibniz | [END_REF][START_REF] Smolin | The Dynamics of Difference[END_REF].
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The consequences of endorsing this principle (or rather declining the Leibnitz principle of the assumption of identity in the micro/quantum world) are the rejection of ergodicity which is central in all of the current physical formulation [START_REF] Gallavotti | ensembles, irreversibility in Boltzmann and beyond[END_REF]. In turn, this process will lead to the formulation of implicate and explicate orders and the holographic principle [START_REF] Bohm | The Undivided Universe: An Ontological Interpretation of Quantum Theory[END_REF],which comes about very naturally. Moreover, we then come to the conclusion and understanding of the measurement problem as a simple apparent dynamic in which classicality suggests a bound universe. We note that Barbour's and Smolin's maximal variety paradigm [START_REF] Barbour | Extremal variety as the foundation of a cosmological quantum theory[END_REF] is a consequence of our results on the measurement process/apparent dynamics.

The DH-theory is closely related to Bohm's paradigm [START_REF] Bohm | The Undivided Universe: An Ontological Interpretation of Quantum Theory[END_REF] of implicate versus explicate orders and the holographic principle, which plays the main role in string theory and quantum gravity [START_REF] Bousso | The holographic principle[END_REF][START_REF] Susskind | The world as a hologram[END_REF]. These approaches can be coupled to number theory, to p-adic numbers. In Bohm's terminology, we start with pre-space given by the p-adic manifold. This space is considered zero dimensional (as a topological space), and it is a totally disconnected and disordered space (so, its structure matches with Bohm's heuristic image of implicated order [START_REF] Bohm | Wholeness and the Implicate Order[END_REF]). It was noted that p-adic numbers have already been widely used in physics, but as a batch of concrete models in string theory, gravity, cosmology, quantum physics, and complex disordered systems [START_REF] Parisi | P-adic numbers and replica symmetry breaking[END_REF][START_REF] Vladimirov | P-adic Analysis and Mathematical Physics[END_REF][START_REF] Volovich | p-adic string[END_REF][START_REF] Aref'eva | The wave function of the Universe andp-adic gravity[END_REF][START_REF] Freund | Adelic string amplitudes[END_REF]. Our theory aimed for the reconstruction of the whole body of physics in the very general and consistent framework. The main distinguishing feature of our theory is solid coupling with experimental data. From the data, the implicate order behind such data could be reconstructed. The latter resolves the basic mysteries of modern physics by explaining the origin of nonlocal quantum correlations and collapse of the wave function in a natural way and provided a solution for the measurement problem. At the same time, when keeping to the realistic description of nature, the points of p-adic pre-space can be treated as a kind of hidden variable. However, the transition from the zero-dimensional space of hidden variables to experimental data is not straightforward, and it includes a few steps (with growing dimension of structures at each step). Thus, starting in the number-theoretical framework [START_REF] Volovich | Number theory as the ultimate physical theory. P-Adic Numbers[END_REF], we proceed to experimental data. As indicated, the pathway from the implicate to explicate order is not straightforward. P-adic numbers have a tree-like formation (homogeneous tree with p edges leaving each vertex and one incoming edge). The first step toward explicate order is an association with each point of the p-adic space with respect to its expansion into the p-adic series. This process generates a one-dimensional string of digits such that aj=0,1,…,p-1 (for p = 2, binary strings), and geometrically, this string is a branch of the p-adic tree. The p-adic tree is the source of huge variety of dendrograms termed finite subtrees. These subtrees belong to the domain of explicate order. These subtrees are elementary structures of our theory (explicate order layer), and they play the role of elementary particles in quantum physics. It can be noted that these are two-dimensional structures. To describe interactions between dendrograms, a four-dimensional space is needed. Thus, our theory immediately determines the four-dimensional structure of physical processes. This way of representation of physical processes can be considered a special realization of the holographic principle in the very special form in which the zero-dimensional p-adic horizon encodes dynamics in three-dimensional space through their dendrogram representation, a dendrogramic hologram.

Dendrograms can have different degree of complexity, and simpler dendrograms have higher degrees of correlation. Correlations are generated not as expressions of causality, but because of repeatability of dendrograms of low complexity. At this stage, calculation of correlations, dendrograms partially lose their individuality and are treated as partly indistinguishable structures. In our approach, indistinguishability is quantified, and it is not just a simple yes/no but up to some degree (which corresponds to all possible combinations of dendrogram structures that can be constructed from N edges). Higher degrees of indistinguishability (or more accurately smaller size of phase space of all possible dendrograms constructed from N edges produces higher indistinguishability) can generate stronger correlations. Bell correlations are modeled in this way as correlation of indistinguishable dendrograms.

Planck's constant can be coupled to this degree of indistinguishability. From this viewpoint, Planck's constant can be introduced not only in quantum physics but in any sufficiently complex system as characteristics of indistinguishability between its subsystems (not only in physics, but also biology, economics, and social science).

We finally comment on coupling to Bohm-Hiley's [START_REF] Bohm | The Undivided Universe: An Ontological Interpretation of Quantum Theory[END_REF] unification of mental and physical processes based on implicate-explicate orders. The neural networks of the brain have a treelike organization. In the simplest ideal model, the brain can be represented by p-adic numbers. Conscious information processing (explicate order) is described by the quantum potential on pre-space [19]. This theoretical construction led to applications to medicine through dendrogram [START_REF] Shor | [END_REF] representation of brain electroencephalographic (EEG)-signals and reconstruction of the Bohmian quantum potential.

Reality is obscured by the assumption of ergodicity

We now introduce the foundational principle of our theory, the Leibnitz principle (hereafter called the Principle):

The identity of indiscernibles is usually formulated in a specific manner such that if, for every property F, object x has F if and only if object y has F, then x is identical to y, or in the notation of symbolic logic: ∀F(Fx ↔ Fy) → x = y, namely: if x and y are distinct, at least one property that x has and y does not or vice versa can be found.

Ergodicity is an assumption that was introduced by statistical mechanics in order to understand the "Universe" macro-state from "undistinguished" or partially "undistinguished" collections of micro-states. This assumption of "indistinguishability" of micro-states is clearly wrong and was originally formed for the construction of an adequate model to describe the "Universe" with minimal under-standing of the micro-states [START_REF] Patrascioiu | The Ergodic-Hypothesis, A Complicated Problem in Mathematics and Physics[END_REF] (see also Martineau et al. for a general discussion on coupling of ergodicity and indistinguishability [START_REF] June | Ergodicity and indistinguishability in percolation theory[END_REF]).

As we see, ergodicity is just a simplification of reality (or rather the consequence of intentionally using Leibnitz principle to make properties of the micro-states indistinguishable) in which it is known that each micro-state in the universe has at least one attribute different from the other at a given time (space and time coordinates, momentum, angular momentum, energy, spin, among others). Thus, we have to reject this simplification/as- 

Two sets of raw data (black dots) are clustered into two dendrograms each containing 30 edges (B). The same data were clustered into two sets of six dendrograms each with five edges (A). Colored spheres represent the 2-adic values of an edge route in the dendrogram. When examining the correlation between the two sets of 2-adic values on the right, it can be seen that the correlations did not violate the Clauser-Horne-Shimony-Holt (CHSH) inequality. The same raw data, divided into groups of five datapoints and then clustered into a five-edge dendrogram produced pairs of 2-adic values that violate CHSH inequality.

sumption. Otherwise, a very ambiguous way is used to describe nature, for example, at our convenience an apple on a tree will be identical to an apple on the ground based on features that ignore space and time (or a tennis ball will be identical to a planet based only on the scale-free geometrical features), but in another feature choice, they will be non-identical or if we simplify and "turn our head" from distinguishable features of two micro-states we face the non-realist consequence of Leibnitz principle that an "apple" on a tree is the same "apple" on the ground and is indistinguishable (or we can make any X indistinguishable from Y even if X is a planet and Y is a tennis ball).In this sense, Bell's experiment is flawed by the simplification assumption that we consider all photons indistinguishable in all properties but its spin and all same spin photons are completely indistinguishable. Moreover, the application of ergodicity in science is flawed twice, not just in the simplification process. Basically, the process in science proceeds in the following manner:

The three-step process (TSP): 1. Detachment from contextuality all micro-states (in a more rigorous manner, a microstate from all or significant portion of its relations to the "universe" is isolated). 2. Using the above process is assumed that the microstates are indistinguishable.

It is attempted to insert these indistinguishable mi-

cro-states back into the "Universe" in which they were before step 1 became clearly distinguishable.

So, in fact a different "Universe" exists in which a "universe" of distinguishable micro-states existed before the three steps. After the three steps, a "universe" of indistinguishable micro-states exists. These three steps are applied to quantum/statistical physics, economical models (indistinguishability of buyers/sellers), social science, and biological and medical sciences.

Regarding a very complex system (the "Universe"), if these three steps are followed, correlations are immediately introduced between the sub-systems. These correlations are "side effects" of our assumption of indistinguishability and its immediate consequence of ergodicity.

Correlation emergence: methods and results

As an example, we reproduced the Bell violations of correlations from a very classical double slit diffraction experiment was reproduced [START_REF] Aspden | Video recording true singlephoton double-slit interference Video recording true single-photon double-slit interference[END_REF]. We first treated an instance frame as a random binary string of length 512, which was called string S at time t. From each S, 𝑙𝑜𝑔10(∏ 𝑓𝑖𝑛𝑑(𝑆 == 1)) was used. Thus, each frame was encoded with only one unique number 𝐴 𝑓 in which f ∈ frame 1,2...n. From each number of consecutive frames, N, the pairwise distances between each of the N 𝐴 𝑓 was calculated and a dendrogram using ward linkage was constructed. Each dendrogram was then represented in a matrix in which each row (r) represented the 2-adic expansion of the edge route in the dendrogram tree. Each 2-adic expansion was converted to a rational number using the equation:

q= -find (r=1) 2 ∑ q∈[0,1] .
Following, for each edge 𝑖, 𝑖∈1,2..𝑁, in which 𝑁 is the number of edges in dendrogram, 𝑞 𝑖 (this corresponds to step 1 and 2 in the three steps process described in section 1 as each where the unit dendrogram with N edges is our very simple electron, photon, among others) was calculated and then repeated for all consecutive events (fig. 1). We next proceeded to step three in the TSP described in section 1 by inserting these unit dendrograms back into the "Universe" in a chronological manner. The first half of these 𝑞 2-adic values were then correlated after which they were correlated with the second half. The mean and standard deviation (std) of the ratio of correlation coefficient to 2-times the standard error (SE) of the confidence bound for N edges unit dendrogram (N = 3, 4.. 980) were 2.4884±0.5775 (fig. 2C). The mean and std of the correlation coefficient for N edges unit dendrogram (N = 3, 4.. 980) were 0.1243±0.0299 (fig. 2D; first temporal half of the diffraction frames correlated to the second temporal half of the diffraction frames).

Moreover, the p-adic quantum potential field of each such dendrogram was calculated and for each edge, its quantum potential value was calculated in the following manner: In order to extract the 2-adic quantum potential double slit diffraction experiment, the estimated probability distribution function (pdf) ρ(q) of 𝑞 𝑖 with a kernel function of bandwidth was constructed: (max(𝑞 𝑖 ) -min (𝑞 𝑖 ))/𝑁

The quantum potential field (QP) was calculated according to Holland [START_REF] Holland | Computing the wavefunction from trajectories : particle and wave pictures in quantum mechanics and their relation[END_REF] as shown below:

Qp= 1 4ρ ( 1 2ρ ∂ρ ∂q ∂ρ ∂q - ∂ 2 ρ ∂q ∂q )
The quantum potential in this formulation is very trivial information measure of the dendrogram topology. Each edge was attributed with its Qp value. Qp values of the first half of the diffraction experiment to the second half figures were correlated. The mean and std of the correlation coefficient ratio to std of the cross correlation sample and of the of the correlation coefficient for N edges unit dendrogram (N = 3 .. 980) were 1.8079 ± 0.7727 and 0.0923 ± 0.0420, respectively (fig. 2A andB; first temporal half of the diffraction frames correlated to the second temporal half of the diffraction frames). Both analyses described above resulted in very good correlation when compared to the correlations with the detectors of a real bell experiment (fig. 2E).

In order to test the Bell violations present in the dendrogramic representation,the Clauser-Horne-Shimony-Holt (CHSH) inequality violations for each pair of the unique p-adic values (or rather p-adic features) that were produced from the two halves of the diffraction experiment upon the above-described transformation to dendrogramic units.

When reviewing at all data representations with unit dendrograms of increasing number of edges (N=5,6,….86) combined, we found that although most (~80% of the unique p-adic pairs) showed classical correlations, ~20% of the unique p-adic pairs showed violation of bell inequality (fig. 2F). With increasing N of dendrogram edges, the fraction of frames in the diffraction experiment (represented as p-adic numbers) that violated the CHSH inequality decreased. Thus, upon dividing the data to very simple unit dendrograms (small number of edges) very well mixed quantum and classical correlation was produced. Progressively, when the data are divided into more complex unit dendrograms (high numbers of edges), a reduction of quantum correlations and the increase of classical correlations can be observed. Thus our model implies a mechanism for the transition from the quantum to the classical domain (fig. 2G).

We note that the transition to the classical domain was a clear indication of the finite "universal" dendrogram, and upon reaching it, no quantum correlations were present as each edge was uniquely determined and different from others. Thus, this analysis supports a finite explicate universe within a bounded implicate universe. This paradigm was partially advocated by Bohm [START_REF] Bohm | Wholeness and the Implicate Order[END_REF], Smolin [START_REF] Unger | The Singular Universe and the Reality of Time : a Proposal in Natural Philosophy[END_REF], and Barbour [START_REF] Barbour | The End of Time[END_REF].

Our physical theory is supported by extended mathematical modelling of the process of percolation [START_REF] Lyons | Probability on Trees and Networks[END_REF]. Percolation is concerned with the study of random subgraphs of a given graph (G) and more specially, its infinite connected components, which are called clusters. The fundamental theorem of Lyons and Schramm [28] states that under some constraints, if several infinite clusters are produced, they all "look alike". the rigorous formulation of this theorem is presented in this study without going into a deeper explanation of mathematical notions related to it:

Theorem (Cluster indistinguishability): Let G be a graph with a transitive unimodular closed automorphism group g, a subgroup of Aut(G). Every g-invariant, insertion-tolerant, bond percolation process on G has indistinguishable infinite clusters.

In conclusion, by reproducing the Bell correlations from a "classical system", showed emergent nonlocality as a side effect of the assumption of indistinguishability/ partial indistinguishability was demonstrated. It was also shown that the transition from the "quantum domain" of very small phase space of simple dendrograms to the "classical domain" of more complex and larger phase space of complex dendrogram occurred.

Planck's constant meaning

We claim that Planck's constant is actually a measure of the indistinguishability of sub-systems (from photons  electrons  atoms heat baths), so Planck's constant will emerge for any system that is divided into indistinguishable/partly indistinguishable sub-systems.

Reflections on Relation to holographic principle and horizon

Let the whole "Universe" be represented as a giant dendrogram in which all of the information in that universe is present at the circumference with no dynamics, and inside the circle, the dynamics of information emerges (fig. 3). Now, it was suggested that Planck's constant represents a fixed amount of information bits [START_REF] Dicke | Gravitation without a principle of equivalence[END_REF][START_REF] Lloyd | Computational Capacity of the Universe[END_REF][START_REF] Lloyd | Ultimate physical limits to computation[END_REF]. This complex dendrogram with all information is contained in the edge's routes at which the edges are on the horizon (of the dendrogram). When coarse grain edges of the dendrogram are started or rather used in only a disconnected fashion, detached sub-dendrograms of the complex "Universal" dendrogram dynamics emerge.

Results. The universal dendrogram was coarsely grained by joining fixed number (fig. 4A)/random number of edges (fig. 4B). The ratios between "p-adic order of edges"/"sum of p-adic-expansion" was -4.0831±0.6331 and -4.1677±0.5071 for fixed number of edges and random number of edges, respectively, which was approximately the ratio of 2 log (h)

2 log (c) ≈ -𝟑.𝟗𝟏 .
Please note that at relatively small N (N=5,6..15) compared to the number of edges in the "Universal" dendrogram, the mean result was in agreement up to 0.6% of the 𝒍𝒐𝒈𝟐(𝒉)/𝒍𝒐𝒈𝟐(𝒄) ratio (fig. 4A).

Implicate order present in the explicit order:

Upon correlating the unit simple dendrogram (or its p-adic numbers representative of its edges) in terms of 

3: Abstract description of the implicate and extrinsic order along side the emergence of Planck' s constant as a measure of indistinguishability. The "Universal" dendrogram is shown at the center of the circle with its color spheres edges describing each edge 2-adic expansion values of edge route. The outer spheres circles describe the 2-adic values of each edge in the "unit" temporal dendrogram with decreasing edge numbers N = 20, 10, 5. Each unit dendrogram 2-adic values were best-matched to its corresponding edges in the smaller (higher edge number) circle compared to its non-corresponding edges (see for example 5 spheres with rings in each circle). Planck' s constant is the measure of indistinguishability, which is a consequence of the ignorance of each dendrogram edge from the infinite sub dendrograms that continue from it (outer dotted circles).

Fig. 4: Ratio of log2(p-adic order of edge) to log2 (sum of edge p-adicexpansion) corresponded to the ratio by dividing the data to fixed number of edges dendrograms (A) and by dividing the data to a dendrograms with random number of edges (B).

Definition: C=Mean of log2(padic order)/log2(∑padic expansion)

A B -2.5 cross-correlation coefficient, it was found to be best matched to all of its corresponding components in the "Universal" dendrogram or to its corresponding components in the more complex and larger dendrograms (0.1425±0.1515) than if it was compared to the dendrogram's non-corresponding edges in the universal dendrogram or non-corresponding edges in the more complex dendrogram (0.0108±0.0098). Hence, the holographic principle in terms of implicate and explicate orders by Bohm [START_REF] Bohm | Wholeness and the Implicate Order[END_REF] was satisfied (fig. 5).

Wave function out of classical subsystems

Suppose a very large "Universe" of heat bath exists. Sufficiently equal sized large units of sub-heat baths are detached. Each heat bath state can be represented by a finite dendrogram. It can be claimed that if the sub-heat baths have the same N of particles, a finite set of dendrograms that can represent all of them and all of their possible states should exist. This finite set may be considered a "wave function" and upon measuring one particular unit of sub-heat bath, the structure of its dendrogram can be realized, and thus the collapse of the "wave function"will occur.

Notice, as already shown in section 6, that each subheat bath dendrogram was very well correlated to its corresponding edges in the dendrogram of the "universal" heat bath.

Measurement process as dynamical process in

our (based on Lee Smolin's and Julian Barbour's) maximal variety dynamics.

Consider an ensemble of dendrograms. As was shown (section 6), each unique dendrogram in the ensemble correlated best to its corresponding edges in the "universal" dendrogram or in the more complex dendrograms containing these edges.

Thus, when one unique dendrogram in the ensemble interacts with the ensemble, it will measure a maximal different unique dendrogram (such as in the maximal variety principle); in doing so, this unique dendrogram will provide much more information on the structure of the whole "universal" dendrogram .

The dynamical change in our "Unit" dendrograms was quantified by cross-correlating their p-adic representation first (fig. 7A, blue trace) to the "chronological" consecutive and next with median of the cross-correlation coefficients (0.1016). It was then cross-correlated (fig. 7A, orange trace) between all non-chronological unit 

6: An abstract example of measurement of the wave function which is the ensemble of possible combinations of possible 2-adic values, which is illustrated as a collection of colored spheres between two dendrograms. The maximal variety principle suggest both dendrogram on each side of the "wave function" should be maximally different.

dendrograms, with median of the cross-correlation coefficients 0.2300, thirdly (fig. 7A, yellow trace) two pairs of random sets of N p-adic values (N as the number of edges in the unit dendrogram and each p-adic value is one value out of all possible of 2 (maximal branch length of actual unit dendrogram) combinations) were correlated to each other, with median of the cross-correlation coefficients 0.4025. For all different sizes of unit dendrograms the results are shown (fig. 7A).

The chronological unit dendrograms "chose" to interact with much different other, much different unit dendrograms (fig. 7A; blue), while the non-chronological cross-correlation between "unit" dendrogram was much more similar (orange). Moreover, random dendrograms with same edge numbers were even more similar (yellow). This finding is in accordance to the maximal variety principle [START_REF] Barbour | Extremal variety as the foundation of a cosmological quantum theory[END_REF][START_REF] Barbour | Shape Dynamics. An Introduction[END_REF] alongside the proposition made in section 7 on wave function of heat bath ensembles and the collapse of such wave function upon measurement.

When the universal dendrogram for each N frames in the "Universal" as one edge in a new dendrogram was coarse grained, it can be seen again that a clear distinction between differences in p-adic representation between consecutive chronological dendrograms compared to the p-adic representation of non-chronological dendrograms edges were found (figure 7B). Moreover, the coarse-grained chronological p-adic representation differences resembled randomized data with median values for non-chronological of 8.4681, chronological of 9.2804, randomized data 9.5731, and random binary data of 9.7620 (fig. 3B).

In conclusion, we demonstrated that the measurement process between two dendrograms occurs between two maximally different topologies in order for both topologies to experience different locations of the universal dendrogram; this process is in accordance with section 6 in which the connection of the implicate order to the explicit order was shown. In more detail, a sub-system in the explicit order was best-fitted to itself in the implicate order (more complex dendrogram). Thus, as our results in this section show, only two very different sub-systems would interact/measure with each other, which in turn reflected interactions between two very different areas of the implicate order. We emphasize that the measurement process is in fact dynamic (more accurately, apparently dynamic). These statements are well supported with our analysis in this section and section 6 above and in accordance with Roveli's (and Smolin's) relational quantum mechanics interpretation [START_REF] Rovelli | Relational quantum mechanics[END_REF].Thus we modeled the measurement process as a linkage/relational property of two sub-systems in which, in fact, the apparent dynamics unfolds/reveals different areas of the "universal" dendrogram and the implicate order. Moreover, by using em- pirical data, the validity of the maximal variety principle suggested in past studies was confirmed [START_REF] Barbour | Shape Dynamics. An Introduction[END_REF][START_REF] Smolin | Quantum Mechanics and the Principle of Maximal Variety[END_REF].

.980 (A, blue trace). CDF of correlation coefficients in the diffraction experiment between non-temporally ordered 2-adic representation of edges of dendrograms of different sizes N=5...980 (A, orange trace). CDF of correlation coefficients between randomly constructed, 2-adic representation of edges of dendrograms of different sizes N=5...980 (A, yellow trace). Coarse graining the universal dendrogram for each N=5...980 frames show differences in p-adic representation between consecutive chronological dendrograms coarse grained edges (B, blue trace) non chronological dendrograms coarse grained edges (B, orange trace) randomization of chronological sequence of dendrogram edges before coarse graining (B, yellow trace), random binary data (B, purple trace).

9.

Reconstruction of space time using the maximal variety least action principle.

In accordance with recent studies [START_REF] Smolin | The Dynamics of Difference[END_REF][START_REF] Cortês | The universe as a process of unique events[END_REF], the least action principle, which is based on the maximal variety principle [START_REF] Barbour | Extremal variety as the foundation of a cosmological quantum theory[END_REF], is a very natural consequence of our analysis. Thus, how well the chronological "Universal" dendrogram (edge by edge according to real chronological sequence) fits with the chronological time and position of detectors in the diffraction experiment that detected photons in each frame was examined.

The measure of distinguishability between all edges was encoded in the dendrogram and defined: 𝑉𝑖=2-𝑎𝑑𝑖𝑐 𝑝𝑜𝑖𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑒𝑑𝑔𝑒 𝑖𝑛 𝑑𝑒𝑛𝑑𝑟𝑜𝑔𝑟𝑎𝑚 is the measure of distinguishability of edge 𝑖 from all edges 𝑗≠𝑖

The potential energy was taken to be proportional to the negative of the measure of distinguishability or variety in Lee Smolin's and Julian Barbour's terminology [START_REF] Smolin | The Dynamics of Difference[END_REF][START_REF] Smolin | Quantum Mechanics and the Principle of Maximal Variety[END_REF][START_REF] Cortês | The universe as a process of unique events[END_REF]: 

2

= kinetic E As we showed in section 8, 𝑞 𝑖𝑗 should be maximal through the chronological measurement/dynamic process. Thus: i P = ij qjk q tend to be 0 in order that ij q i=1, j=i+1 n ∑ will be maximal, and our version of the action is slightly different than in the above mentioned study [START_REF] Smolin | The Dynamics of Difference[END_REF]:

ECS S + RE S = ! N ij 2 q 2 i=1, j=i+1 n ∑ + i ! z i=1 n ∑ i P +gV
The variation by 𝑞 𝑖𝑗 yielded:

0= ! N ij q + i ! z +g ∂ i V ∂ ij q
As shown previously [START_REF] Smolin | The Dynamics of Difference[END_REF], the spacetime intervals were represented by the Lagrange multiplier 𝑧ĩ after substituting 𝑞 𝑖𝑗 and V 𝑖 into the equation above. We calculated 𝑧ĩ and correlated the result with real space and time in the diffraction experiment data [START_REF] Aspden | Video recording true singlephoton double-slit interference Video recording true single-photon double-slit interference[END_REF] (Fig. 8). We evaluated the values of the correlation coefficients divided by 2 times the standard error of the confidence bound, which yielded the value of the real chronological spacetime intervals. These values were correlated to the reconstructed intervals is in the upper 0.9922 and 0.9998 percentile of the values for randomized walk on dendrogram edges sequence correlated to the real chronological spacetime and to the real, but non-chronological, spacetime, respectively.

Differences between our and Smolin's theories

In our model, kinetic energy and momentum are consequences of measurement (that produce an apparent dynamic) between unit and unit dendrograms or edge and edge in the universal dendrogram (𝑞 𝑖𝑗 ).

Potential energy (V) is defined as a measure of distinguishability, which is encoded in the Universal dendrogram or in the coarse-grained dendrogram.

The quantum potential encodes the information contained in the topology of the dendrogram. It is possible to In contrast to Smolin [START_REF] Cohen | Realism and Causality II : Retrocausality in Energetic Causal Sets[END_REF][START_REF] Cohen | Realism and causality I : Pilot wave and retrocausal models as possible facilitators[END_REF][START_REF] Smolin | The Dynamics of Difference[END_REF][START_REF] Smolin | Quantum Mechanics and the Principle of Maximal Variety[END_REF], we emphasize that all p-adic points are always present (this emphasis is more in accordance to Barbour's [START_REF] Aspden | Video recording true singlephoton double-slit interference Video recording true single-photon double-slit interference[END_REF][START_REF] Barbour | Shape Dynamics. An Introduction[END_REF] "always present events'') and do not need to appear by a dynamic process. In contrast to Barbour, we did not require probabilities in phase space to produce the apparent dynamics.

We note that we do not need to postulate the fundamentality of time momentum and energy as in Smolin's study [START_REF] Smolin | The Dynamics of Difference[END_REF][START_REF] Smolin | Quantum Mechanics and the Principle of Maximal Variety[END_REF][START_REF] Cortês | The universe as a process of unique events[END_REF].

We note again that at the implicate order level, all dimensional points of the Universe already exist and are not dependent on referenced measurement (as the holographic principle clearly states for the horizon). Only upon the process of expansion into p-adic expansion strings does the p-adic points acquire a relational nature among themselves. So, in fact we grew from nonrelational dimensionless p-adic numbers (points) to relational information between p-adic expansions (encoded as one-dimensional information string) to dendrograms (as two-dimensional information structure) and then to dynamics (relationships) between points/dendrograms (coarse grained) that produce spacetime. It should be noted that the dimensionality of spacetime is produced by the sequence 2 -∞  2 0  2 1  2 2 . Thus, although our theory is relational, and at its core, it is a collection of non-referenced determined numbers and thus a purely number theory

Concluding remarks

The presented DH-theory is an attempt to re-establish realism in physics (including quantum mechanics) by combining it with so popular nowadays information approach to physics starting with Wheeler's [36] "it from bit" to modern quantum information reconstructions of quantum theory, such as found in a study by D' Ariano [START_REF] Dariano | Quantum Theory from First Principles[END_REF]. We formalized the Bohmian implicate versus explicate order structuring of physics via p-adic number theoretic versus dendrogram representations. The latter is of the purely information nature. All observable physical processes are realized as interactions between "universal'' dendrograms representing physical systems in which the "Universe" is modeled as a huge dendrogram; four-dimensional spacetime physics is reconstructed based on the holographic principle. Classical-quantum interplay was quantified through the degree of indistinguishability between dendrograms. Dendrograms can be considered special mathematical structures in Smolin's views on events. His least action principle was used to connect dendrogramic model with processes in physical space-time.

We restricted matching of our theory with the real experiment to the data from diffraction experiment but in fact it can be applied to any classical or quantum. In the future, we plan to perform extended analysis of the experimental data both from quantum physics and statistical mechanics to validate further data matching with our theory.

Finally, we remark that creation of the DH-theory can be considered as the important step in coupling the mathematical models developed within p-adic theoretical physics [START_REF] Vladimirov | P-adic Analysis and Mathematical Physics[END_REF][START_REF] Volovich | p-adic string[END_REF][START_REF] Aref'eva | The wave function of the Universe andp-adic gravity[END_REF][START_REF] Freund | Adelic string amplitudes[END_REF][START_REF] Volovich | Number theory as the ultimate physical theory. P-Adic Numbers[END_REF] with real experimental data and correlations produced in classical and quantum physics. We remark that p-adic theoretical physics was born within string theory. Heuristically theory of interacting dendrograms has some similarity with theory of interacting strings. We also point to the monograph [19] in that the basic model with p-adic pre-space was presented in very detail although without any coupling to real experimental data (or even the method for such coupling).
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 11 figure 1: three steps produce quantum correlation

Fig. 2 :

 2 Fig. 2: Emergence of quantum correlations and transition to classicality is a consequence of the TSP: A significance of correlation between two sets of quantum potential values versus number of edges in unit dendrogram. Values were calculated for each unit dendrogram with fixed number of edges (N = 3,4,5….980) after which two temporal halves of quantum potential values were then cross-correlated . B correlation coefficients of the two sets of quantum potential values versus number of edges in unit dendrogram. C significance of correlation between two sets of p-adic values versus number of edges in unit dendrogram. Values were calculated for each edge route in unit dendrogram (as described in section 3). D correlation coefficients of the two sets of p-adic values versus number of edges in a unit dendrogram. , fraction of CHSH values versus CHSH values. CHSH values were calculated for each possible pair of p-adic values obtained from two halves of the diffraction data divided by unit dendrograms of size N = 5 .. 86. The proportion of CHSH values violating CHSH inequality versus number of edges in a unit dendrogram.
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 3 Figure 3: explicite to implicite order and the emergance of planck constant

  figure 4: emergence of planck constant and speed of light
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 55 Figure 5: implicate order encoded in explicate order
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 6 Figure 6: measurement of the wave function according to maximal variety principal

Fig.

  Fig. 6: An abstract example of measurement of the wave function which is the ensemble of possible combinations of possible 2-adic values, which is illustrated as a collection of colored spheres between two dendrograms. The maximal variety principle suggest both dendrogram on each side of the "wave function" should be maximally different.

Figure 7 :

 7 Figure 7: CDF of correlation coefficients in the diffraction experiment between temporally ordered 2-adic representation of edges of dendrograms of different sizes N=5...980 (A, blue trace). CDF of correlation coefficients in the diffraction experiment between non-temporally ordered 2-adic representation of edges of dendrograms of different sizes N=5...980 (A, orange trace). CDF of correlation coefficients between randomly constructed, 2-adic representation of edges of dendrograms of different sizes N=5...980 (A, yellow trace). Coarse graining the universal dendrogram for each N=5...980 frames show differences in p-adic representation between consecutive chronological dendrograms coarse grained edges (B, blue trace) non chronological dendrograms coarse grained edges (B, orange trace) randomization of chronological sequence of dendrogram edges before coarse graining (B, yellow trace), random binary data (B, purple trace).
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 7 figure 7: wave function measurement and emergent dynamics from maximal veraity

  RE S =gV 𝑞 𝑖𝑗 = 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 𝑓𝑟𝑜𝑚 𝑉 𝑖 𝑡𝑜 𝑉 𝑗 𝑖,𝑗∈1…𝑛=𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑑𝑔𝑒𝑠 𝑖𝑛 𝑑𝑒𝑛𝑑𝑟𝑜𝑔𝑟𝑎𝑚 ,𝑖≠𝑗 is a measure of distinguishability between edges 𝑖 and 𝑗 The energy momentum relationships are shown below: ij 2 q
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 88 Figure 8: reconstruction of space-time intervals