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New developments in Time-Asymmetry of 
Quantum Field Theories 

C. Syros 

University of Patras 
Laboratory of Nuclear Technology 

P.O.Box I4I8 
261 10 Patras, Greece 

Abstract 

Time-asymmetric evolution is derived from time-reversal invariant fundamental 
QFT-equations. Chrono-topology, the disconnected time topological space J4, is 
the playground for the generalized random and infinitely divisable quantum fields, 
a new development in time-asymmetry. Based on the properties of this time space 
and using the theory of random quantum fields previously developed a non-unitary, 
complexity evolution operator, C(j7"4), is derived. C(J4) breaks down, by Bohr-
quantizing the field-action integral, alternatively into two, spontaneously renormal-
ized parts: One, (unitary) Uu(r), implying U - processes and one (non-measure-
preserving), Knmp(r), producing R - processes. Unmp(r), breaks time-symmetry and 
provides a basis for CP-violation in QFT and in particular in the i^-meson decay. 
Functional integrals arising in the theory have as a limit Feynman's path integral 
in accordance with the measure theoretical requirements. Irreversibility and time-
symmetry are not incompatible (compare Boltzmann, Poincaré) in chrono-topology. 
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1. Introduction 

The reconciliation of the time reversal invariance of the basic equations of 

quantum theory with the overwhelming majority of irreversible phenomena 

in nature was for more than a century a puzzling issue for physicists. It is still 

a subject of the intensive research activities during the last decades [1-13]. 

One avenue of research was to introduce in quantum theory macroscopically 

successful methodologies, like diffusion, random processes, Wiener processes 

by using Ito's stochastic differential equations. Various Schroedinger 

equations were derived [2-11]. One characteristic feature was the propagation 

of the quantum processes with a diffusion constant D = {h/m)V2. D is energy-

independent and depends only on the rest mass, m, of the particle, both in 

relativistic and non relativistic theories. Those approaches maintain 

Boltzmann's and Poincare's views according to which irreversibility were not 

obtainable from time-symmetric equations. 

On the other hand the experimental observation of chaos phenomena in 

nuclear physics [14] suggested the idea to some researchers that chaos and 

irreversibility may be connected by means of a not yet discovered 

fundamental relationship. 

These developments in relation with the persisting well-known paradoxes of 

quantum theory made clear that a fundamental concept in physics was 

possibly not well-defined [15-17], Time, lacking a physical definition, 

attracted attention as possibly being responsible for the long standing 

problems. Various time conceptions have been proposed. 

The present work is part of a series of papers [18-22] in which a rigorous time 

definition was given and a special time topology, the chrono-topology, was 

developed, applied and obtained irreversibiliy from form time-symmetric 

equations. For example, quantum statistical mechanics follows from QFT 

without leaving Minkowski's space-time going over to a Euclidean metric [19]. 

Furthermore, the Schroedinger's cat and the wave packet decay paradoxes 

were solved [20], among others. 

The purpose of the present paper is to demonstrate in the framework of 

chrono-topology the existence and to present constructively two distinct kinds 
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of evolution operators in quantum field theory which solve the mentioned 

problems: 

i) Non-measure preserving evolution operators lacking the property of time-

reversal invariance. In this case the probability measure of the evolving system 

is not preserved. 

ii) Unitary evolution operators differing from the evolution operators in 

standard QFToniy by the property of being spontaneously renormalized. The 

renormalization appears in the theory by means of the field-action integral 

quantization using Bohrs method. 

These results are direct consequences of the fundamental property of chrono-

topology of disconnectedness and randomness which imply on the quantum 

level that the physical fields become generalized random and infinitely divisible. 

The present work consists of nine sections. In sect. 2 the new time definition 

is given mathematically and the main properties of chrono-topology are 

presented together with the required notation. 

This time definition which contains the time definitions given by Plato, by 

Aristotle, by Kant and by Bergson, differs from that given by Newton. It 

allows to explain, among other things, that time does not flow contrary to 

what has always been believed. The definition of the Newtonian universal 

time space, N\, is given after the definition of the time elements ,{τ/}, in 

chrono-topology. 

In sect. 3 certain aspects of quantum statistical mechanics are discussed in the 

light of chrono-topology. It is shown that the Boltzmann and the 

Schroedinger factors expf-e/ ksTJsaia expf-Œt / h J follow both from 

QFT in chrono-topology. This establishes a firm link between quantum field 

theories and thermodynamics. 

In sect. 4 some basic properties of the generalized random and infinitely 

divisible fields [23] are introduced. In sect. 5 the proof of existence and the 

construction in a fundamental quantum proposition of the generalized and 

renormalized evolution operator, C{ïï4), is presented. In sect. 6 it is 

demonstrated that unitary evolution (U) and reduction (.R) are derivable from 
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Schroedinger's equation in the framework of chrono-topology. Several 

authors, like Poincaré, Boltzmann and others, had expressed the opinion that 

irreversibility were not derivable from time-symmetric equations. 

In sect. 7 path integrals are found avoiding the measure theoretical problems 

connected with Feynman's path integral [41-42]. 

In sect. 8 the derivation of the Boltzmann factor from QFT together with a 

quantum definition of the thermodynamic temperature is given without 

recourse to the introduction of an imaginary time. The dispute between Bohr 

and Einstein about the character of quantum mechanics persists still today. In 

sect. 9 it is shown that Bohr and Einstein both were correct in their statements 

about the statistical or the deterministic nature of quantum physics. Their 

opposing views in Minkowski's space-time can be made compatible in the 

framework of chrono-topology in which quantum fields become stochastic. 

In sect. 9 the conclusions and their discussion are given. 

Finally, a few words about the term chrono-topology: Important advances in 

quantum theory have been made possible by means of the division of the 

quantities into two classes: Observables and non-observables. The next decisive 

step was taken in [24 ] in recognizing the importance of the anthropic principle 

in cosmology. 

A third step between these two principles is the recognition what is observable 

and what non-observable in physical reality. It is perhaps not much of an 

exaggeration if one says that the human brain physiology plays a certain part 

in this matter. There is a relationship between the anthropic principle and the 

set of Heisenberg's observables. The meeting point of them is the anatomy and 

the physiology of the human body and, in particular, of the human brain. 

On the one hand, the physiology determines the life-time of the human 
observers which is decisive for the building-up of physical theories in 
cosmology. On the other hand, the human physiology determines the way the 
observer's brain functions and, hence, what is observable and not observable 
by him. By saying that, technological means of observation are included since 
they are also a product of the human brain. 

These facts, of course, are not to mean that physics and cosmology are 

sciences belonging to the medicine or to the humanities. It affirms simlpy-

what is known since long time- that physics studies that part of the universe 
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which is accessible directly or indirectly to man's five senses' organs. These 

make the physical observation possible and lend it its perceived structure. 

These facts are combined in the theory of relativity which by means of the 

Lorentz transformation gives to the moving observer his space-time topology. 

In its framework is decided what is observable and what is non-observable in 

the physical experiment. 

2. The time topology in quantum physics 

In order to make precise the description and to facilitate the understanding, 

some notation and definitions are given needed for the presentation of the 

results. 

Let a set ÏÏ, called the space, be given with a family {τ} of subsets τ ŒÏÏ 

together with the empty set 0 . The elements of ÏÏ are called points of 

the space and the elements τ are called open sets. 

Definition 1 

A pair ( <7 ,τ) of ÏÏ and τ represents a topological space, if the following 

conditions are satisfied [25] : 

(i) 0 e τ andïï e τ . 

(ii) If U} s τ, and U2 e τ ,then Ul Π U2 e τ. 

(iii) If Λ = {A J ,Α2 ,...} is a family of elements of τ and lis a subset of the 

index set J such that Ai e τ, Vz'e I, then | J AÄ e r . 
iel 

It is clear that the intersection C\At of a finite subset {Aj ielç 7}of open 
i 

subsets is open. 

Definkion2 

A space, *f,is called regular if and only if for every χ e <7 and every 

neighbourhood V of χ in a fixed subbase (Ρ there exists a neighbourhood U of 
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χ such that \L a V, where ìi is the closure of U. 

The topological spaces may be ordered in a hierarchy according to the restric­

tions which are imposed on them.These restrictions are called axioms of sepa­

ration. Here are the axioms of separation concerning the fundamental 

interactions physics: 

Definition 3 

0. A topological space, 3~,is called a S0 -spacejffor every pair of distinct points 

tì,t2 e J there exists an open τ ' containing exactly one of these points. 

1. A topological space, S, is called a ÏÏ x -space, if foi every pair of distinct points 

tx,t2 e £F there exists an open τ ' c J such that either tx e τ\ t2 er' 

ortì i r*, t2 er* . 

2. A topological space,S,is called a ÏÏ 2-space,or a Hausdorff space,if for 

every pair of distinct points tl,t2 € ÏÏ there exist open sets τ x ,τ 2 c ÏÏ 

such that r, e r , , i 2 e r 2 and r 1 f\z 2=0. 

3. A topological space,ïï,is called a Ü3 -space or a regular space, if it is a 3\-

space and for every t e ÏÏ and for every closed set Se 33 such that t $.$ 

there exist open sets τ l ,τ 2 such that i e r , , <^c r 2 and τ x Π τ 2 = 0. 

4. A topological spaced,is called a ÏÏΛ -space or a normal space, if ÏÏ is a Ü, -

space and for every pair of disjoint closed subsets τ x, τ 2 there exist open sets U 

and Vsuch thatr , c U, τ 2 c Vand U Ç) V= 0 . 

Clearly, a Ü\ -space is a <73 -space so that the hierarchy holds : 

Next, the three axioms are given of the time physics of the present work: 

Axiom J. 

All time measurements, classical or guantai, are based on an interaction process 

implementing a change of a physical or technical observable which generates, if 

observed, a corresponding time neighbourhood. The generated interaction 
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proper time neighbourhood (1PN) is a regular into-map of just this change. The 

change image is stored either in the observer s memory through one of his five 

senses or in the memory of an electronic device. 

Axiom II. 

Every fundamental interaction process is associated with (different among 

them, but) finite changes of the relevant physical observables. Sets of 

observables'changes are intrinsicly random character, as to their embedment 

in the Newtonian time space. They start at irregular Newtonian times and 

have, within limits, stochastically distributed durations. They may be thought of 

as embedded in the Newtonian universal time space, N\> but their union has not 

the topology of N\ · 

Axiom III. 

The elements of the empty set,0, of a class of sets { ö ; / e 7 c Z + } of 

observables, Oj, are not observable, and their values are identically equal to 

zero. 

A time definition satisfying the above axioms is based on observational data. 

If an observer observes no change in his external or internal environments, 

then he can neither have the impression of time nor does he need it. Based on 

this trivial but physically fundamental idea is the following time 

Definition 4. 

An interaction proper time neighborhood (IPN), z{, is an infective map, f of 

the λ-th change, AOj, of the j-th observable,Oj, caused by a fundamental 

interaction process: 

f:AOi -» f(AO{)= τ{ « £ c jtf. 

Λ 

The index J can in general be omitted in J - [)τλ, whenever it is not 

required to know to which particular observable, Oj, belongs the change Δθ{ 

corresponding to z[. 
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The Newtonian universal time space, N], which has the topology of the 

straight line,/?1, can also be defined mathematically in the framework of 

chrono-topology. 

The union of all {τ[}corresponding to they-th observable's changes and 

belonging to a closed particle system is a disconnected topological space [20], 

satisfying the separation axioms of ^{J). It can also be used to give the 

Newtonian universal time space, f$\. a rigorous definition. 

In fact, it is the natural origin of the macroscopic time. This time, known from 

classical mechanics and from every-day life, comes about as the union of 

{&(1}}. It is a denumerable, part of its consecutive elements, τ[, which may 

be partially overlapping or not be subjectively discernible. 

Here is the definition of the Newtonian universal time in the framework of 

chrono-topology: 

Let be: S the number of observable systems in the universe, K(s) the number 

observed particles in the j-th system, j the number of observed observables' 

changes of the /c-th particle, and Λ the number of observed interaction 

processes in the j-th system of the κτ-th particle changing the j observable. 

Then the Newtonian universal time space, N\, is the union of the time spaces 

y = u υ υ &4

m 

for S, K(s), J(K,S), A(J,K,S)<ZZ\ 

The time space, 3~ψ, as defined in chrono-topology satisfies the three axioms 

stated above. They are deduced from operational observation. 

An important property of an IPN, τλ, is that its change, Ατλ, during creation 

is physically not observable for two reasons: 
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(i) The open set, τ\, is the mathematical map of a physical observable's 

observed change. τ{ is not a physical quantity like, e.g., mass, charge or 

momentum etc. which are observable, 

(ii) If a ΔΓ Λ were observable, then it would be possible to define-a ? / c rx 

contrary to the evidence that x} is indivisible. 

The indivisibility of τλ follows from the fact that Arx would be a map of a 

part of an observable's change, A(AO,), due to a fundamental interaction 

process. But AOx cannot be divided, because the interaction process whose 

AOx is the result cannot be stopped. There is no experimental evidence for 

the possibility to stop a fundamental interaction process, once it has started. 

Similarly, a quantum, AO{, produced by a fundamental interaction process, 

cannot be divided, at least not by the same interaction process. Hence, it can 

be observed after the completion of the interaction process. 

-E iEt 
3. Boltzmann and Schroedinger - Unification of exp[ J and exp[ J 

kBT η 
in chrono-topology 

A particularly important position in the recent literature on the irreversibility 

problem takes the reduction of the wave function. In view of the difficulties 

to solve it, some authors expressed the opinion that possibly a fundamental 

physical concept has not been correctly understood. It is believed that the 

topology of the time space plays the most important part in solving these 

problems. 

There are two simple, since long puzzling, fundamental facts in physics which 

resemble a confrontation of Boltzmann and Schroedinger. 

- One of them is that statistical mechanics (QSM) is based [26] on the 

expression "exp[-E/ kBT] " or its various, formally different but physically 

similar expressions. 

- The second fact is that standard quantum field theories (QFT) produce 

the Schroedinger factor "exp[-/£//Ä ]" instead of " exp[-E / ksT] ". 
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The deeper reason for the difference of these two kinds of expressions resides 

in the space-time topology: Standard QFT is formulated in the Minkowski 

space, (ict,x,y,z) e M4 [26], while QSM is based in the Euclidean space [27], 

(t,x,y,z)eR\ 

Many highly sophisticated theories (C*-Algebra, KMS-lheory) aim at paving 

the way for QSM to move from the R4 to M4. The target is to derive the 

statistical, or the Boltzmann factor, expf-E/ kBT'J, in standard QFT. The 

practice of some authors is as follows: 

1) In [28] the Boltzmann factor, exp[-E/ kBTJ, is put in a direct, ad hoc 

way. 

2) In another case [27] one obtains the factor exp[-E/ kBT] directly from 

the classical Gibbs ensemble. 

3) The expression exp[-/?(#- fjN)] is also introduced ready in the books on 

QFT (e.g., [26]) as a priori given, where ß-\/' kBT and μ is the chemical 

potential. 

4) Other authors apply the transformation, t-+t'=-it, on the evolution 

operator and introduce an imaginary time in Minkowski space-time physics, 

with a view of coming closer to the desired exponential function, 

exp[-E / kBT]\. 

This procedure gives rise to a number of comments which are briefly discussed 

here: 

4a) Time becomes and is kept complex in the physical results after the above 

mathematical operation, i.e., time remains in disagreement with quantum 

theory and foreign to the physical reality. 

4b) The imaginary part of the Newtonian universal time is put in relation with 

an absolute temperature, $m,t=ß=\/kBT: 

First, until recently there was no clear definition of the time in physics at all. 

Second, an imaginary time has no physical counterpart in the reality as it is 

usually understood in physics; It is not observable, while temperature is 

observable. 

Third, the quantity tSrrot is not a time; there is no physical process to which 

it would correspond according to chrono-topology. 
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4c) The principal feature of the Newtonian universal time is its uniqueness in 

dynamics of the universe. It will be shown presently that the uniqueness is 

spoiled by the assumption 4b: 

1) Let Τ represent the complex, unique and universal Newtonian time. 

2) Let f(T) be a periodic or a non-periodic single-valued function of the 

Newtonian universal time T. 

3) Let (SmJ)~l oc Τ be proportional to the temperature, T, of quantum field -

theoretical processes for Τ = Tx, T2,..., TK. 

4) Let {T} Ψ T2 *,...,* TN.} be the temperatures of Ν different, but 

simultaneously proceeding isothermal processes of the kind described in 3). 

Then, 

(a) premise 3) is incompatible with premises 1) and 4). 

(b) any function f(T), independently of its structure and interpretation, does not 

justify the relation (S-vrJT) "' ce Τ . 
Proof 1 
3) and 4) imply 

(A) and 1) imply 

T, =t[+itx *l2=t'2 + it2 *...,#Ty »t's + itx, (B) 

f(Ti)+flTi)+»·*/(* Λ (C) 

Relation (B) expresses the statement that the unique and universal Newtonian 

time, takes simultaneously Ν different values. 

1) implies, however, the relations 

T, -ij'+zr, =Tz=t'2 + it2 =...,= TN = tN +its. (D) 

faiWa2)=~=/aA (E) 

because of the uniqueness and universality of the Newtonian time. 

The relation pairs (B,D) and (C,E) are contradictory: (C,E) is and remains 
contradictory even if XT) represents a field state periodical in imaginary time. 
Hence, the inverse temperature cannot be identified with any time period. 
Because either (A) is true and premise 1) is false, or (D) is true and premise 4) 
is false. 
But this is not true, since 1) and 4) are in agreement with all observational 
evidence. Therefore, the contradiction arises because because 3) was assumed 

for the Newtonian universal time. Therefore, 3) is false, and 0mT)_1 is not 

proportional to Ν different temperatures of isothermal processes, because at 
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any time instant there exists one and only one Newtonian universal time-value 
, T . 
N.B. The infinitely many time variables {t„\n = IX...} in HI(tff)...Hl(ti),N -> oo of 

ì t 
the evolution operator U(t,t*) — 1 \dxHT(T)U(T,t' J perturbation series expansion 

ht> 
take values in one and the same time interval,tn &[t,f ] <zJ, Vrt e Z + . The same is true 
for all isothermal processes. The isothermal processes in question are driven by interaction 
processes causing transitions described by U(t,t' ) between quanta or particles belonging to 
the field. 
Proof 2 

The Newtonian universal time flows eternally [see the Principia], This is the 

fundamental fact implying the wave packet decay in quatum theory.Hence, it" 

is impossible to keep time constant. Consequently, the relation 0τηΤ)~ι oc Τ 

excludes the existence of isothermal processes. This contradicts, again, all 
observational evidence. 
Therefore, (SmJ)~l cannot be proportional to the temperature of an 
isothermal process. 
4d) It is a tradition in thermodynamics as well as in QFT to make finite 
temperature calculations of thermodynamical quantities using the very useful 
quantum mechanical partition function 3 = Tre~ß(li~ßN) [29 to 36] which is 

either postulated or derived from the evolution operator U(t,t0) = fTm<*-^>/% 

by means of the transformation t -> t'= -it. Η is the Hamiltonian of the 
relativistic field. The above time transformation implies an inacceptable 
consequence for special relativity: 

t ->f« -it => {y1 = V W v / c / - » V 1 + ^ / c j 2 > l } . 
Since the velocity of light, c, is a reference-frame-independent universal 
constant, leaves the time rotation c invariant and, hence, implies γ <1. 
Hence, t-*t'=-it is not compatible with relativity. 
4e) The general relativity does not admit a complex time variable, because it 
would lead to metrics not deriving from gravitational fields [37]. The method 
of analytic continuation is, of course, a powerful tool for the calculus. It can 
safely be applied in physics, if after calculation the mathematically introduced 
parameters either disappear spontaneously, or they do not destroy other 
physical theories (e.g., metric. Hyperbolicity is required in relativity). 
The remarks about the transformation t-+t'=-it are valid especially for 
relativistically covariant theories in which the Lorentz transformation must 
apply simultaneously. This is clearly the case in QFT. It is concluded, 
therefore, that the transformation in question may apply in many other cases, 
but it cannot be use for the derivation of quantum statistical mechanics from 
QFT. 
Therefore, the above facts disprove the applicability of t -» f= -it for the 
derivation of the Boltzmann factor, exp[-E / kBT], from exp[-iEt / %] in 
the framework of QFT. It would require simultaneously the relations 
a) t-*t'=-it and 
b) <J\-(v/c)2->J\-(v'/c)2 

which are incompatible. 
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The relation b) is tantamount to: v'= — = /-— = — = ν (!) which, of 

df dt dt 

course, is impossible. 

It is shown in the framework of chrono-topology that the temperature is 

related to the average interaction time in the system of the particles under 
consideration, (ά(τ)}, [22]. 

Chrono-topology is based on the very simple and obvious observation that a 

time parameter not associated with physical changes is neither needed nor 

definable. 

In order to give our main application of the chrono-topology we need the 

definitions given below. 

4 Stochastic properties of quantum fields 

It was stated in the introduction that there are several recent, direct methods 

by means of which stochasticity is introduced in quantum theory by means of 

diffusion methods. The quasi-inverse way is followed in the present method. 

An evolution operator is constructed 

first by taking into account the stochastic character of the observed fields 

which is a consequence of the topology of space-time in chrono-topology and 

second by quantizing the field- action integral. 

It turns out that the by-product of this procedure is more important than the 

main purpose itself: A non-measure preserving evolution operator [38] 

introducing time asymmetry in quantum field theory is derived for the first 

time in quantum theory resolving thereby a number of paradoxes and puzzles. 

In addition, a series of functional integrals is derived which resemble the 

Feynman path integral. They are distinguished from the Feynman path 

integral by two very important properties. They have: 

(i) Countably additive measures. 
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(ii) Finite normalization constants. 

As it has been shown by other authors (sect. 7) the normalization constant of 

the Feynman path integral becomes infinite under certain conditions. 

1 start this section with the introduction of the generalized random and 

infinitely divisible fields (GRIDF). This theory is the basis of the derivations in 

the present paper. 

Definition 5 

A field £.'=-l£r{<p{x,t),âç{x,t)) €.Rl is called a generalized random field.if for 

£*<ξ& Rl a probability Ρ(ξ) is given such that the conditions are fulfilled: 

L Ρ(ξχ) = Ρ(ξ2), if ς,=ξ2, 

2 lim^ Ρ(ξ)=0 and lim ̂ β Ρ{ξ) = 1, (2) 

3. lim^P&Pia). 

The limits (-oo,+co) in 2. above must in our case be replaced by some finite 

numbers fa,6,),because the field, JL, does not become infinite. 

Definition 6 

A generalized random field, <£,(<p(x,t)âp(xj)),is called infinitely divisiblejffor 

every AK eZ+ the decomposition is possible: 

1=£, +o£ 2 +... +£ AK , VK e Z+ and χ e Ί3Ά, (3) 

in which the {£, .(ç>(x,t)âtp(x,t))}are mutually independent, have identical 

probability άί5ίΐΊίηιίίοη5,{Ρ(ξλ)} and are different from zero only in their 

corresponding IPNs,zx e ^ 4 . 
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The decomposition of the field Lagrangian density into an arbitrary number 

of identical terms with identical probability measures at any point of the 

space-time is mathematically perfect. Such a decomposition violate all 

conservation laws in the Minkowski or in the Euclidean space-time. This 

disappears in chrono-topology of the many-fold space-times Μκ*κ, VA- e Z+. 

In every IPN the conservation laws hold separately. 

1) JL=ll +£2 in Λ&, (4) 

2) «£=«£, +ü2+<£3 in JiU (5) 

3) £-£x +I2+ . . -+<£Ar. in MLX (6) 

The range of {£ x} is determined by the domains both of x~{x,t) . The 

domain of χ does not depend only on the problem at hand but also on the 

motion velocity of the observer with respect to the rest frame of the 

interacting particles. Because, according to the Lorentz transformation, the 

space-time topology depends on the topology of the time space. On the other 

hand, the domain of / depends on the strength of the interaction. Hence, in 

the defining condition (2) above of the generalized random field, the limit 

value ξ of ξλ, for which the conditions 

£λ{φ{χ,ί\άφ{χ^))<ξλ for t €Γλ (7) 

and 

]ίτη.^Ρ(ξ) = 1 

are fulfilled, is not infinite. 
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The chrono-topology induced by the injective maps in the time consists of 

IPNs that are structured as follows: 

(i) For systems with few IPNs time is given by the union 

A is not very large and {τλ } are disconnectedly and randomly embedded in 

the Newtonian time space, tf\ · What is large in this context depends on the 

resolving power of the sensors used in the observation. 

In order to observe them, a Lorentz transformation is required. 

(ii) The system-time topology may change radically in the rest frame of 

reference of the interacting particles if A becomes very large. The union 

£ > \JTX,ÄEA (9) 
χ 

may become equal to the sum of some disconnected spaces w Π | . ί Ί Λ and 

of some partitions {(P. e R1} dense in disconnected subsets, T, of Nl. 

If the cardinality of A approaches Κ 0 , then <^Amay with high probability, 

but not certainly, be densely embedded in (Ρ Λ c R1, so that 

Cardinality (Zf K )->c 

5 Random QFT and time asymmetry 

After the above clarifications we are prepared to demostrate the following 

Fundamental quantum proposition 1 (The superspace-times M ^ used in the 

proofs are defined in [39,40]). 

1. Let UK be a set of IPNs due to interaction processes related to the 

Hamiltonian density ^(φ(χ),άφ(χ)) for any κ e AKsuch that 
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Η{φ(χ),άφ(χ))*0 te3K , 

Κ(φ(χ),άρ(χ)) = 0 for t*3κ. (10) 

2. Let the fieldLagrangian density have the form 

£{ φ(χ), άφ(χ))- π (χ) ά0φ(χ) -$€( φ(χ), ôp(x)) (11) 

for Jemand £(φ(χ),άφ(χ))*0 for rg 3" 

with π(χ)= £{φ(χ),άφ(χ)). 
o[âQ<p(x)] 

3. Let άφ(χ, s): = â0<p(x,t)dt = [<p(x,t + άτλ ) - φ(χ, t)] be the path variation 

for some s€tFK and every xsMK. 

4. Let £(φ(χ),άρ(χ)) be a generalized, random and infinitely divisible field, 

satisfying 

£=£, +£2+...+£K. (12) 

5. Let the field action integral, ΑΑκ (SK ) , be quantized by 

A , ( S )= J £(<p(x),âp(x))d4x=hAU,a), (13) 

where 

^η±1/2,σ = 1 
Α(η,σ) = ±π\ ' , (14) 

±η,σ = 2 

with « = 0,1,2,.... and S QM* . 

Then the time evolution operator (G is understood here as a set function) of 

the system is 

373 



£(<7Λ )=exp( [(ihr1 \<?x%{ç(x),d<p(x))+iK{j,°)\ 

x[cos[A(y»]-/sin[AO^)3] ), (15) 

and breaks down into two parts: 

(i) non- measure preserving (nmp)[3$], 

° ^ ( ^ Λ , ) = exp[^\H(s)ds* Λ(»,1)], seAK (16) 

(ii) unitary (u): 

K ( ^ " U = exp[(/Ä)-5|^(i>&+ /Λ(«,2)],ί64. (17) 

Remark 1 

A(n, σ) is just the renormalization parameter of the evolution operator and 

depends on the quantum number, n, of the field-action. 

The proof of the Fundamental Proposition 1 is given on the basis of the 

equation governing the time evolution of the state vector, Ψ, in the time 

s p a c e d . 

ίη^ί=Η(ήΨ(ή,ί^κ. (18) 
a 

The difference between the time evolutions, according to equation (18) in 

chrono-topology and to equation (19) in the topology of the of the Newtonian 

time space, tf], of standard QFT, is that in the second case it proceeds on the 

basis of the continuous group property. 

In chrono-topology, equation (18), the continuous group property disappears 

o n ^ v and stochasticity implies U (unitary) + R (reduction) processes. 
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The topology of the Newtonian time space, N], cannot physically 

accommodate infinitely divisible fields, because there occurs violation of the 

conservation laws. For example, the infinite divisibility of the Hamiltonian 

densities would imply violation of the field energy conservation. Hence, the 

Newtonian time space topology leads only to V evolution according to 

m^Ml = Η(ήΨ(ή,ί e R1. (19) 
δι 

Remark! 

It is interesting to observe, before starting the proof of the proposition, that 

there is a very close relationship between the theory of GRIDF and The 

Feynman approach for the derivation of his path integral is based on first 

principles . In fact, Feynman tacitly made extensive use of the infinite 

divisibility of the Hamiltonian. His derivation would be impossible whithout 

this property. 

There is, however, an essential difference between the two approaches: 

Feynman's path functions are defined in a commutative geometry. This 

approach would conflict with Heisenberg's uncertainty principle if φ(χ),π(χ) 

were operators. Because products of the form {Βπ(χ)Ώφ(χ)} are basic to the 

functional integration, and they are forbidden in quantum theory. In chrono-

topology this problem does not exist, because here the measure is of the form 

π(χ)ϋφ(χ) instead of Όπ(χ)Βφ(χ). 

Proof of the fundamental proposition 1 

We start the proof by giving the solution of (18) 

U&Ay* {expH/T7 J %(φ(χ?),άρ(χ?))(?*]}, x>eM*A (20) 
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= {expHTT7 \H{s)ds },SeïïA (21) 

The steps followed are : 

1) Combine the above intelai with assertion 2. 

2) Write the exponential of the sum of the terms as a product of exponentials 

of the terms of the sum and 

3) Develop the factor exp[(ih)~l J dx4 ά0φ(χ)π(χ)] in a power series. This gives 

V Λ ' Λ,=1 Λ - / ^ = 1 _ 4 

xexpff-ìh)-1 J_ £(çtf),â!&))c?JÎl (22) 

The above integral series is defined on M4,, 4 c ^ • UU · > i4c} = {partitions 

of Λ}, because the infinite divisibility property is used. The integration of the 

— 4 
last factor is made on MA . 

Next, assertion 3 is used in the form a0c>(x')d4x,= dc{qyt')d3q and inserted 

into (22) together with assertion 4. A K in the ra-th term is put equal to η 

corresponding to the partition «7 . „, Vn € Z+ . 

TheA^-th integration in (22) is carried out on theA,.-th sector (of the A r -

fold in time) of the space-time super surface. The result is: 

χαφ{(-*ί)Α l JLWXJMTiJfäJ )^<V«v (23) 

According to Definition 5 of the infinitely divisible fields, all {<£. } have 

probability distributions independent of κ. Using this property and omitting, 
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therefore, the index ,κ ,inÀK under the product sign in (23), we can sum-up 

the series. 

Using again the relation 

π (χ) â0<p(x)= JL(q>(χ),άφ(χ))+ %{φ(χ),οφ(χ)) (24) 

the result gives after summation 

<p(q,o) 

xexp[(-mrl\ ^(^VW*")>*V) (25) 
UA 

= exp{ (ih)'1 μ4χ[£(φ(χ),άφ(χ))+ Μ(φ(χ1άρ(χ))] 
Hl 

xexpf(-mrlJ UçtflâpV))*?*} ) (26) 
MA 

= exp( W Kx[2(^),W)+ % ^ 4 W ) ] 
MA 

= exp{ (ih)-1 Κ χ [ 4 φ ) , # ) ) + % φ ) , φ ( ί ) ) ] 
MA 

x{cos[fi-lJ ι( φ'),Μ^))α4χΊ 

-isin[h-lJ4<p(x'),àp(x'))d4x'J} 
MA 

After separation of the real and the imaginary parts in the exponent, we get 

the fundamental formula for the generalized time evolution operator, C0Λ), 

which is a realization of both quantum dynamical processes i/and R. 

e(?h) = exp{ {(ih)'1 ] Λ [ 4 Φ ) , Φ ( 4 + Μ(φ(χ\άφ(χ))] 
MA 

x cos[h~x J 4 φίχ^,άφ&^χ']} 
Μ*Α 

+ { W Îd4x[£(ç(x\âp(x))+ Η{φ(χΙάφ(χ))\ 
ΜΑ 

x{-sin[hJ \4<P(x'),âp(x'))d4x']i )· (28) 
— 4 ' 
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This is the new complex fundamental form of the evolution operator in 

random QFT. 

6 Unitary, U, and Reduction, R, quantum processes 

We continue the proof of the proposition 1 and apply the quantization 

condition (13) on the field-action integral. The critical parts are the terms with 

the "cos" and "J?'«" expressions in (28). The result is 

(3)(<5r

A)=exp< [(»F [ά*χΜ{φ(χ),άφ(χ))+Κ{],σ)] 
4 

χ [cos[A0,a)3-/sin[A(y»]] ) . (28') 

Remembering (13) we see that the above expression can be written as a 

product of two exponential factors. They represent: 

a) U the unitary part of the evolution, XL „ (ïïh ). 

b) R the incoherent part of the evolution, U ^ i J ' j . 

Hence, the general evolution operator, C(^x), breaks down after the 

quantization of the field-action integral into the alternative: 

C(Jj = EITHER 1i„(JA)x 1 OR 1 χ Um(?h) (29) 

This completes the proof of the fundamental quantum proposition 1. 

This is the contemplated result by many authors in their publications. The 

most interesting feature of (29) is that it proves that Schroedinger's equation 

exhibits both i/and R properties simultaneously in the framework of chrono-

topology. This is just the form of evolution postulated and required for the 
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implementation of the wave function reduction by the measurement problem or 

by Schroedinger 's cat paradox. 

A further feature of the evolution operator (29) is the spontaneous 

renormalization of the field-action integral in the exponent by means of the 

term Λ(κ,σ) ( see also (33) and (34) below). 

7 Stochastic fields and their relationship with Feynamn's path integral 

The integrals in series (23) are all finite, φ is a solution of the Euler- Lagrange 

equation, and it satisfies appropriate boundary conditions. The series 

converges because each term is the power of a definite integral. It can be 

demonstrated by majorization and is omitted. 

The continuous parameter s\ characterizes the integration path dç(q,s) in 

the space interval \φ(χ,ί),φ(x,t + τ)] with initial and the final values [φ(χ,ί)] 

for s\ = /, and [<p(x,t + τ)] for s\- δ{τ) respectively. The field function φ 

coincides at these values of 5 with the lower and the upper limits of the φ~ 

path integration. 

Corollary 1 

The contribution,^ Xr ((ο^Λ) ), to the evolution operator of the path integral in 

the expansion (23) vanishes in the limit XK —> oo. 

Proof 

The λκ -ih term in equation (23) is 

UÀ, «^))=^Ç Π fa fati ΛΜ* Λ) 
λκ 7=1 ρ3 φψ) 

χ exp[(-mrl\ AMptìafò))**] (30) 
MA 

The integral over άφ sums values along all paths. The integral over d3q sums 

the function ç(q,s) -values along every selected individual path between the 

two fixed limit function values <p(q,t) and ç(q,t + τλ). 
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The measures in the integrals of the product in (30) are well-defined and exist 

on the supports: 

i)[<K0)MS(TzJ)],maiï) Q3c:R3. 

The factors {/,} of the product Ο J " 9 ]άΨ<Ά »*,)*& »*v)«e 

independent of η and {J~J/7 =/Λ*} · Also, the factor (λκ !)_ i decreases faster 
7=1 

than the power /"*· , and for λκ -» co there holds lim /λΊλκ\ = 0 . It 

follows, therefore, that the functional integral does not contribute to the 

evolution operator in the limit λκ -> co . This completes the proof Corollary 1 

The "phase" factor in (30) is identical to the one in Feynman's path integral. 

Differences appear in the functions to be integrated over dq and over 

d<p(q,s). The following correspondances with Feynman's path integral are 

observed: 

In the limit, λκ -» «, the integrals become functional integrals with the 

measure correspondences 

^ = > n 4 . , - î ^ ô 3 ç A 3 (31) 

Dp s> f[K(ç(qvisJJ)^(qT},s))d<p(qr],s1J) (32) 
7=1 

for qKqn.s),Js(<p(qn,Si),ôtp(qtl,sn)) el?. 

The contributions of these integrals, which are similar to Feynman's path 

integral in the limit Ar -» « ,are zero because of the normalization factor, λκ !. 

This normalization factor implies that the path integral 
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MA 

takes finite values in the above limit. 

Yourgrau and Mandelstam [41] have shown that the normalization constants 

4, = \exp[iL(qrjcM$n)(*& ~h)]dqm 

= ïl{2tftn+l-tJ/ar(qs)Y
/2 

in Feynman's path integral, 

~ . „„,„,,„.. ,„ ,„ 4 ^ ^ 71-1 

vanish in the limit lim^^ft^ - ?„ ) = 0, if the Lagrangian, L, is of the form 

L = zJ-ar(q,)q;-V(qs). 
See, however, also results obtained by Klauder on the normalization constant 

of this integral [42]. 

Some of the similarities and some of the differences between Feynman's path 

integral and the present theory's integrals are compiled in 

Table I. Comparison of Feynman 's path integral properties with those 

of the present theory with some statistical and quantum properties. 

Feynman 

Spatial measure: _ ^ 
Dq « Y\dqk ο 

Functional measure: _ *?-
Dp= [[dp, <=> 

k=I 

Normalization: ? ο 

Uncertainty Principle: no 

Gibbs ensemble: no 

Present work 

Üd3qk 
*=1 

Π *(<p(qk,s), âq>(qk fs))d(p{qk,s) 
kml 

1/K! 

yes 

yes 

381 



The exponential in (28') becomes real for y = 2n+l)/2 and takes on a form 

reducible to the one known from statistical mechanics. 

We thus have two kinds of evolution operators: One preserving the norm of 

the state vector, and one changing it. The canonical momentum, n(qv>s), 

enters the measure expression as a weight factor - not as differential This 

makes the integration measures compatible with Heisenberg's uncertainty 

principle and allows to quantize the field-action integral. 

8 The temperature ini stochastic quantum field theory 

The measure preserving evolution is implemented by means of the unitary 

operator 

Uu{ô(T))=exp[(m)-x \d*x3î{<p{x),âip(x) + 2im} , « = 0,1,2... . (33) 

If the norm of the state vector is not preserved during evolution, then it is 

described by 

9 ^ (6 ( r ) J = exp[( 2 \*χΚ{φ{χ\άφ{χ))ΐ*@*+\ΙΪ) )] , 

η = 0,1,2Λ... (34) 

If the state vector, Ψ, is expanded in a series of eigenstates of the 

Hamiltonian, and Qdn (δ(τ)) or U^i^r)) acton Ψ, then (33) and (34) 

become respectively: 

expf-it Ελ.δ(τ?)/η + lim], (35) 
Λ=1 

expl+Σ Ελ.δ(τλ)/η + π(2η + \/1)]. (36) 
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Corollary 2 

The temperature of a particle system interacting via a fundamental interaction is 

proportional to Planck's constant and inversely proportional to the average 

diameter of the interaction proper-time neighBourhoods (S{T)), 

(E) ÎEtfT^)/h.j-£-. (37) 

Proof 

We divide and multiply the sum in the exponent of 

exp[r£ Ελ.δ(τλ)/η*π(2η+\/2)] 

Â=l 

A r 

by Σ δ(τλ) / 4c, and we write for the time averaged energy per particle the 
3M expression 

{Ε)5λχΑχ<δ(τ)>Λ 

= Λ χ ( Σ δ(ζλ)/Α)χ Σ Ελ.δ(τλ)ΐί δ(τλ), (39) 
Λ = 1 Λ*1 Λ=1 

<£>^= ΣΕχδ(τχ)/±δ(τλ), 

<δ(τλ)>Α=Σ ÒYTJ/A. 
λ=1 

The factor (35) appearing in a state vector after the action of 11,^ (5(r )) 

is the Schroedinger factor familiar to time dependent problems. The 
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corresponding factor in (36) becomes identical to the Boitzmann statistical 

factor, if the system temperature is defined by 

where kB is the Boitzmann konstant, and the system energy is given by (39). 

It should be observed that the temperature, T(A), given by (40) is not the 

global temperature of the system. It is the average temperature of the particle 

subset of the system which had their last cillisions for λ = 1£..Λκ . 

It is evident that the above definition of the temperature is valid for both the 

equilibrium and the non-equilibrium states of the system. It depends only on 

the average frequency of the collisions, fcoli, in chrono-topology and it is 

given by f™a- = {δ(τ))~χ. It allows to fp.\Q a definition of the temperature in 

the framework of quantum theory. This completes the proof of Corollary 2. 

Expression (40) has been derived in [19] for weaker conditions on the sysstem. 

The present definition of the temperature in thermodynamics is based on very 

clear physical processes and conditions. The role of the time in this definition 

is fully clearly related to the interaction time which is a real measurable 

quantity. 

The main features of the present temperature definition are: 

i) Relativity is respected by avoiding the introduction of an imaginary time by 
means of the transformation 

t -+1'= -it\Trexp[-i(H-ßN)t] - Trexp[-ß(H -μΝ)]. 

ii) The canonical ensemble and the partition function follow in the 

framework of quantum theory in Minkowski's metric but not in Minkowski's 

space-time. 

iii) The temperature is related in a natural way to the collision frequency in 
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the framework of QFT. 

Remark 3 

The average energy is calculated over the time during which an enegry value is 

possessed by a system particle. It' is not averaged over the number of thè 

particles. This is quite natural because, if an energy value is possessed by a 

particle during zero time, then it contributes zero to the average energy of the 

system. 

9 Einstein - Bohr. Both views are correct in chrono-topology 

Some authors believe that Bohr was right and Einstein wrong or vice-versa, 

(e.g., [43]) in their dispute about the deterministic or the statistical character 

of quantum mechanics. It has been proved in the framework of chrono-

topology, that both were right. 

The reason for this fact is that Einstein's statement, according to which God 

does not play dice, regarded the quantum equations of motion (Schroedinger, 

Dirac etc.) per se, i.e., inside a single IPN which in that time was the entire 

Nj. In this case - as is now clear - God, indeed, does not play dice for time 

teNj with ô{Nl
t) = <x>, and Einstein was right. In fact, the quantum 

equations are per contraction non-statistical for t e Ν] and, evidently, for 

τλ<ζΝ). 

Since the quantum equations are deterministic for t e Ν], so are they for 

t e τλ c Ν'), because τλ is dense in itself and N] is continuous. 

Hence, Einstein's statement is true both in the Newtonian universal time space 

and in chrono-topology. 
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However, a quantum change does not correspond to a r λ of infinite 

extension, and the experimental description of a quantum emission is done for 

/e [)τλ for any large Λ . This is true for at least two reasons: 

(i) The complete experimental measurement of an observable cannot be based 

on one single fundamental interaction process (e.g., the measurement of a 

cross section in nuclear or atomic reactions) and, hence, only inside one single 

interaction proper time neighbourhood, τλ, because of its very small 

diameter, δ(τλ ) . 

(ii) In the case of isolated events, as frequently are observed in high energy 

physics, the experimental measurement of an observable is purposefully 

repeated many times in order to obtain sufficient accuracy by minimizing 

statistical errors. A measured value of an observable never coincides with 

another value measured, however accurately, with the same method, the same 

apparatus, the same initial conditions for the relevant particles, etc. This is so 

not because of the errors in the experimental accuracy only. The stochasticity 

of the interaction introduces randomness in the interaction duration and in 

the impact parameter. 

For these reasons observation is conventionally done for ?e<7A, not for 

t € τλ. But for t €<7Λ, the interpretation of the solutions of the quantum 

equations becomes necessarily statistical. In order to get agreement between 

measured and calculated values, the former are de facto averaged by the 

detector. An averaging procedure is required for the latter by means of 

integrations over the space and time variables according to the case as 

follows: 
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(i) The time durations of many interaction processes, t e \JX τλ . 

(ii) The impact parameter, r e SA = (J; {τλ + Δτλ}. 

Clearly, the two parameters, (rA, Δτ; ) do not appear in the solutions of the 

quantum equations as r+Δτ or as t + rx,t eJVj, because the wave 

functions are solutions of deterministic equations. But, of course, it makes no 

difference whether the averaging integrations are over r; + Arx or over r, etc. 

Bohr's statement, on the other hand, regarded the quantum physics results of 

a measurement as a whole for a particular experimental value, because 

quantum physics observation's arena is not tk. The physical 'playground' is 

rather &K — (Jr^ , and the space-time, M&.x, resulting from it in accordance 

with Einstein's relativity. 

Moreover, since {δ(τλ)\λ eZ + } are within limits random numbers, an 

averaging process in UA takes place to give any measured value. This is the 

way in which the statistical character of quantum physics emerges from the 

data point of view. Hence, Bohr was correct too (see also [21] sect. 4). 

It becomes, thus, evident that both Bohr and Einstein were right in 

theirrespective statements. The link between their points of view could not be 

discerned within Minkowski's space-time topology. In chrono-topology, this 

is clear. 

It should be emphasized that the possibility for the reconciliation of Bohr' s 

and Einstein' s views about the nature of quantum theory exists only in the 

framework of chrono-topology. Because only the space-time structure 

imposed by chrono-topology allows the coexistence of the time reversal 

invariance (inside rA) of the fundamental equations of quantum theory 

with the statistical interpretation of the wave function (inside 3\ ) . 
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In other words: 

a) The quantum theory equations were historically developed in the 

Newtonian universal time space topolology, in which de facto researchers live. 

b) The quantum experimental results are obtained in chrono-topology (which, 

is de facto a set of maps in observer's brain of observed observables' changes), 

and the events, leading to these results, must necessarily be of quantum 

structure. 

The living matter factor as conjectured by E. P. Wigner [45] enters just in this 

way the into the physical measurement process according to chrono-topology. 

Furthermore, the concept of the infinite divisibility of the Hamiltonian can be 

compatible with the energy conservation law only in the framework of 

chrono-topology's many-folded superspace-times, M\r. 

In Euclid's or in Minkowski's space-times the equation 

H = H,+ H2+...+HK with H = Hi = H2 =...= H^ , VAr e Z + 

is meaningless for the Hamiltonian of a quantum system. Physically, it 

violates the energy conservation law. Mathematically, it violates the definition 

of a function which is not identically equal to zero. 
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10. Conclusions and discussion 

The chief conclusion following from the presented theory is that the 

probability measure of a quantum state can change in a time-asymmetrical 

way under well stated conditions. 

The second major result is the proof that time asymmetry exists in quantum 

field theory and is consistent with the irreversibility in nature. The tantalizing 

issue of "Time-symmetry versus Irreversibility" is settled in the framework of 

chrono-topology. 

In the time definition in the present paper the existence of the observer is, so 

to speak, integrated with physics. Wigner's conjecture [45] about the influence 

of living matter on the issue of a quantum measurement becomes now quite 

reasonable and understandable. 

The Boltzmann probability factor, exp[-E„/kBT], consistently introduces 

itself in quantum field theory in a disconnected space-time topology with the 

Minkowski metric in its compact subsets. Although this result is not fully 

independent of the first conclusion it should be separately appreciated, 

because it helps to explain the T- symmetry violation exemplified in nature 

by the CP- violation in KL° - Ks° system discovered [44] in 1964. CP-

violation exists also in the semi-leptonic decay of neutral kaons 

K° -» Γν{π~,Κ° -> Γ νπ+, where the lepton / is either an electron, e, or a 

muon , μ, and the final states transform into one another. These problems 

have found their natural explanation in the framework of the chrono-

topological structure of the space-time implying the time asymmetric 

evolution operator, VJm^(x-J. 

The building-up of a unified theory for the description of some irreversible 

quantum and some macroscopic phenomena has been an issue of considerable 

research interest for a long time and for many researchers in many 

laboratories. In fact, the main problem was the deduction of time-irreversible 

behavior in macroscopic phenomena from the time reversal invariant 

quantum equations. 

The achievement of an agreement [18 -22] between, on the one hand, the time 
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reversal invariant solutions of the basic equations of physics, like the 

Schroedinger, the Dirac equations and the quantum field theories (QFT), and, 

on the other hand, the overwhelming majority of the irreversible macroscopic 

phenomena in nature makes up a great unsolved problem in physics keeping 

research activities busy since long all over the world [1-13]. 

Moreover, the discovery of chaos phenomena in nuclear physics [14] induced 

the idea to many researchers that chaos and irreversibility may be connected 

by means of a not yet discovered fundamental relationship. 

It has been shown in the preceding sections that such a relationship, which 

may very well exist in other areas of physics, is not necessary for the 

description of the irreversibility. The existence of a non-measure preserving 

evolution operator deriving from Schroedinger's equation, after postulating 

the properties of the generalized random and infinitely divisible fields, shows 

conclusively that the supposed relationship- if it exists- must not have the 

character of a physical law. It may be either casual, or it is of a correlational 

character following from the random structure of chrono-topology with 

respect to the universal Newtonian time, in which are embedded all results of 

observation. 

It is of great importance to note that the irreversibility property exhibited by 

the operator ,11 „„,Ρ(^Α ), constructed in sect. 5 implements the twofold task: 

a) It demonstrates the existence of irreversible or time-asymmetric processes 

on the quantum level, giving a possibility to understand the time asymmetry of 

the K° -meson decay process. 

b) It allows to explain the irreversibility in the behavior of the macroscopic 

system phenomena. 

These developments, seen in relation with the persisting well-known 

paradoxes of quantum theory, make clear that the view is justified [40] to 

consider the Newtonian time topology as responsible for some 

interpretational issues in quantum theory. 

In a series of papers [18-22], the idea of chrono-topology was advanced, the 

partition function was obtained in the framework of the quantum theory and 
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a quantum definition of the thermodynamic temperature was obtained even 

for non-equilibrium states. In the simplest form it is given by the expression 

7 = , where < r > is the collision transition time of the system's 
kB < τ > 

molecules averaged over the collisions' set within the interaction proper time 

neighbourhoods, τ{, considered. 

As far as the explanation of the state vector reduction is concerned, the novel 
conclusion is that "reduction" by no means implies the vanishing of all state 
vector components exept one. It rather means: 

i) Very strong reduction of some amplitude values with respect to the 
surviving state's amplitude. 

ii) The number, N, of surviving states after the reduction process is not 
necessarily one. It may very well take also values higher than one, N> 1, with 
various probability amplitudes [40], 

Finally, Bohr's and Einstein's adverse views about the statistical or the 

deterministic character of quantum mechanics are compatible in the 

framework of chrono-topology. Both great physicists were right in their 

respective statements, and their reconciliation is appreciated as a proof of the 

correctness of the chrono-topological structure of the present theory about 

the time physics. 

Finally, it is interesting to remark that the interelationships between the 

different dynamics disciplines change radically in the framework of chrono-

topology. It becomes, now obvious that thermodynamics and statistical 

mecanics (SM) come closer to quantum theory (QT), while the distance 

further increases between classical dynamics (CD) and thermodynamics (TD) 

(Fig. 1). 

This is so not only because QFT share irreversibility with TD and SM, but 

also because the Boltzmann factor, e kT, and the absolute temperature, T, 

can now be derived in the framework of QFT. This amounts to the quasi-

unification of these hitherto - with an exception- unrelated theories. In 

addition, it is expected that some phenomena considered as having different 

origins will turn out to be related. 
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Fig. 1. Relationships and intersections of the different disciplines of physical dynamics. 

Standard QT in Minkowski's space-time is separated from TD and, e.g., the partition 

function is introduced ad hoc in the form e~m as an extraneous element to QFT. In chrono-

topology, QFT and TD have a non-empty intersection; it contains the partition function, 

the irreversibility property and the second law. CD is most distant from TD due to the time 

reversal invariance. Standard QT is closer to TD than to CD because it shares the quantum 

equations with chrono-topological QFT. The latter has randomness in common with SM. 
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