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New developments in Time-Asymmetry of
Quantum Field Theories

C. Syros

University of Patras
Laboratory of Nuclear Technology
P.0.Bozx 1418
261 10 Patras, Greece

Abstract

Time-asymmetric evolution is derived from time-reversal invariant fundamental
QFT-equations. Chrono-topology, the disconnected time topological space Jj, 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(J,), is derived. C(J,) breaks down, by Bohr-
quantizing the field-action integral, alternatively into two, spontaneously renormal-
ized parts: One, (unitary) Uy,(7), implying U — processes and one (non-measure-
preserving), Unmp(7), producing R — processes. Unmp(T), breaks time-symmetry and
provides a basis for CP-violation in QFT and in particular in the K%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, Poincare) 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 = (#/m)"?. 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:

1) 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 QFT only 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 , {r,’}, 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/ky;T]and exp{—iEt/ k] 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(J,), 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 Poincare, 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 J, called the space, be given with a family {7} of subsets 7 =/

together with the empty set &. The elements of J are called points of

the space and the elements z are called open sets.
Definition 1
A pair (J ,v) of J andt represents a topological space, if the following

conditions are satisfied [25} :
@) Seradd et .

@) If Uyer,and U, e 7 ,thenU N U, e 7.
(i) ff L=1{A, A, ...} isafamily of elements of © and I is a subset of the

index set J such that A, € 7, Yie I, then |J A, e 7.

iel
It is clear that the intersection ()4, of a finite subset {A,ielc J}of open

subsets is open.
Definition 2
A space , J,is called regudar if and only if for every xe J andevery

neighbourhood UV of x in a fixed subbase (P there exists a neighbourhood U of
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x such that U < UV, where U 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. 4 topological space, 7 ,is called a 7 , -space,if for every pair of distinct paints

t,,t, € o there exists an open 1’ containing exactly one of these points.

1. A4 topological space,J ,is called a J | -space,if for every pair of distinct points
t,,t, € J thereexistsanopen t ‘c J such thateither t, € 7,1, €7’
ort, ¢7’,t,er’ .

2. A topological space, ,is called a J ,-space,or a Hausdor(f space ,if for

every pair of distinct points t,,t, € J there existopensels t |,T,C J

suchthat t, et |, t,et,and ¢, 7,=D.

3. 4 topological space, jis called a 7 , -space or a regular space, if it isa J | -

space and for every t € J and for every closed set F < J ; such that t ¢ F

there exist open sets T ,,T , suchthat t et ,,Jcr,and7, N7 ,= &.

4. A topological space, ,is called a J , -space or a normal space,if J isa J , -

space and for every pair of disjoint closed subsetst | ,7 , there exist open sets U

and V such thatt | < U, 7 , < Vand Un V=0.

Clearly,a J , -space is a / , -space so that the hierarchy holds :

Te DI, DI ,=d; =J,.

Next, the three axioms are given of the time physics of the present work:
Axiom 1.

All time measurements, classical or quantal, 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 (IPN) 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 stari 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 II1.

The elements of the empty set, D, of a class of sets {0’ { jeJc<Z} of

observables, 07, 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), 74, is an injective map, f, of
the A-th change, AO], of the j-th observable,O’, caused by a fundamental
interaction process:

f:80] - f(80])=7] €J, c N:.
The index ‘" can in general be omitted in 5A= lAJt ., whenever it is not

A=]

required to know to which particular observabie, 0’ , belongs the change AQ;

corresponding to 77.
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The Newtonian universal time space, N;, which has the topology of the
straight line,R', can also be defined mathematically in the framework of

chrono-topology.

The union of all {r]}corresponding to the j-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, N, 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

{7}. It is a denumerable, part of its consecutive elements, 7, 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 s-th system, j the number of observed observables’
changes of the x-th particle, and /i the number of observed interaction
processes in the s-th system of the x-th particle changing théj observable.

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

:740'5)’

N=U U U I
! seS xeK(s) jel(xs)
for S, K(s), J(xs), /(jrs)cZ®.
The time space, /¢, as defined in chrono-topology satisfies the three axioms

stated above. They are deduced from operational observation.
An important property of an IPN, 7, , is that its change, A7, during creation

is physically not observable for two reasons:
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(i) The open set,z}, is the mathematical map of a physical observable’s
observed change. 7} is not a physical quantity like, e.g., mass, charge or
momentum etc. which are observable.

(ii) If a Az, were observable, then it would be possible to define-a- z,'< 7,
contrary to the evidence that 7, is indivisible.

The indivisibility of 7, follows from the fact that Az, would be a map of a
part of an observable’s change, A(AO, ), due to a fundamental interaction
process. But AO, cannot be divided, because the interaction process whose

AO, 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, AQ;, 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.

3, Boltzmann and Schroedinger - Unification of exp[-é% 7 and exp[-% ]
in chrone-topelogy

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 / k;T]” or its various, formally different but physically

similar expressions.

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

the Schroedinger factor “exp[-iEt/h]” instead of “exp{-E/ k;T]”.
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The deeper reason for the difference of these two kinds of expressions resides
in the space-time topology: Standard QF7 is formulated in the Minkowski
space, (ict,x,y,z) € M* [26], while OSM is based in the Euclidean space [27],
(t,x,y,z) €R*.

Many highly sophisticated theories (C*-Algebra, KMS-theory) aim at paving
the way for OSM to move from the R* to M*. The target is to derive the
statistical, or the Boltzmann factor,exp{—E / kyT], in standard QFT. The
practice of some authors is as follows:

1) In [28] the Boltzmann factor, exp/—E / k,T], is put in a direct, ad hoc
way .

2) In another case [27] one obtains the factor exp/-E / kyT] directly from
the classical Gibbs ensemble.

3) The expression exp{-p(H - 1V)]is also introduced ready in the books on
OFT (e.g., [26]) as a priori given, where S=1/ kT and u is the chemical
potential.

4) Other authors apply the transformation, 7 — ¢'=-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 / k;T]].

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, dm t =g=1/k,T:

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 ZJm ¢ 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 T 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 (I3mT)™" < T be proportional to the temperature, T, of quantum field -

theoretical processes for T=T,T,,...,T,.

4) Let {T, #T, #,...,#T,.} be the temperatures of N 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 (3mT)™ « T .

Proof 1
3) and 4) imply
ImT ) #( ImT,) 22 (ImTy) . (A)
(A)and 1) imply
T, =t +it, 2T, =t +it, .., 2Ty =ty +ity, (B)
AT =AT )= f(Ty) ©

Relation (B) expresses the statement that the unigue and universal Newtonian
time, takes simultaneously N different values.
1) implies, however, the relations

T.=t,+it, =T, =t +ity =...=T, =1, +it. D)

SCE AT )= = f(T ), ®)
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 AT) 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 (JmT)™ is not

proportional to N different temperatures of isothermal processes, because at
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any time instant there exists one and only one Newtonian universal time-vatue
,T.
N.B. The infinitely many time variables {t,|n=12,...}in H,(t) )..H/(t, )N — @ of

i z
the evolution operator U(%,t') = l—gjdtH (t)U(1,t' ) perturbation series expansion
A

take values in one and the same time interval,?, €/2,t'] cT,Vn € Z" . The same is true
for all isothermal processes. The isothermal processes in question are driven by interaction
processes causing transitions described by U(7,¢’ ) between quanta or particles belonging to
the field.
Proof 2
The Newtonian universal time flows eternally [see the Principial. This is the

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

is impossible to keep time constant. Consequently, the relation (JmT) " « T

excludes the existence of isothermal processes. This contradicts, again, all
observational evidence.

Therefore, (JmT)™ 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 J = Tre”*™*¥ [29 to 36] which is

either postulated or derived from the evolution operator U(1,t,) = e ("'
by means of the transformation ¢—¢'=-ir. H is the Hamiltonian of the
relativistic field. The above time transformation implies an inacceptable
consequence for special relativity:

tor=—it = = fl-(v/c)* > Jl+(v/c)* >1}.
Since the velocity of light, ¢, is a reference-frame-independent universal
constant, leaves the time rotation ¢ invariant and, hence, implies y <I.
Hence, ¢ — 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'=-ir 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 ¢ — "= —ir for the
deriviation of the Boitzmann factor, exp/—E / k;T], from exp[—iEt/ k] in
the framework of QFT. It would require simultaneously the relations
a)t—>t'=—it and

b) VI-(v/ ) = J1-(/c)
which are incompatible.
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. . dx .dx dx .
The rel tant tt0: V=—=ji—=—= ! h, of
e relation b) is tantamount to: v e i 7 v () which, o

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, (5(z)), [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 Stachastic 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.

I 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 5£=o‘£( o(x,t),60(x,t)) € R' is called a generalized random field,if for

;£<5 €R' a probability P(&) is given such that the conditions are fulfilled:

L P ) =P,), if & =E,,

2. lim,,  P($)=0 and lim,,  P(S) =1, 2)

3. limg,, o P(&=P(a).

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

numbers (a,b) because the field, £, does not become infinite.

Definition 6
A generalized random field, o£( o(x,1)p(x,t)),is called infinitely divisible,if for

every A, € Z" the decomposition is possible:
=£=;£,+£2+... +;£Ar, VkeZ® and xeﬁf\, (3)
in which the {Z 2 (@(x,1)dp(x,t))}are mutually independent, have identical

probability distributions,{P(¢, )} and are different from zero only in their

corresponding IPNs,t, eJ ,.
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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 H; , VkeZ*.

In every IPN the conservation laws hold separately.

) 2=2L, +2, n Me, @
2) =L, +L,+24, in Mes (5
3) 2=d, +2L,+ . .+, . in Mo, (6)

The range of {£,} is determined by the domains both of x=(x,z) . The

domain of x 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 £ of &,, for which the conditions
L, (@(x,1),8p(x,1)) <&, for ter, %)

and
ng—»é P(&H=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:

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

i = | JT1:A € A @®)

A isnot very large and {r, } are disconnectedly and randomly embedded in

the Newtonian time space, .. 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 /L. becomes very large . The union

Iy= Uriie A ©®

may become equal to the sum of some disconnected spaces {</ p, oeces} and
of some partitions {(°, <R'} dense in disconnected subsets,T; of N,.
If the cardinality of /| approaches N ,, then J , may with high probability,
but not certainly, be densely embedded in (P,  R', so that

Cardinality (J r)—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 H;, used in the
proofs are defined in [39,40]).

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

Hamiltonian density 7 (@(x),8p(x)) for any x € A, such that
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Ho(x).60(x)) 20 te T, ,

H(o(x).0p(x))=0 for red,. (10)
2. Let the field Lagrangian density have the form
Lo(x),80(x))= 7 (x) So0(x)-H(@(x),8p(x)) (1)
for zeJ, and L(@(x),p(x))=0 for te T,

a

Witk ) T

Lo(x).p(x)).

3. Let do(x,s):=06,9(x,t)dt=[p(x,t+dr,)— @(x,t)] be the path variation
for some seJ, and every x M.
4. Let L(p(x).8p(x)) be a generalized, random and infinitely divisible field,

satisfying

dmdy vy toa by s (12)

5. Let the field action integral, A ,, (S, ), be quantized by

A8, = | Lo(x).8p(x)) d*x = hA(j,0), (13)
where
ntl/2oc=1
Alno)= iﬂ.’{ ino=2 (14)

with n=0]12,.... and S,\ c -ﬁi .
Then the time evolution operator (C is understood here as a set function) of

the system is
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C( ,,)=exp( [(ih)" S}d‘x Ho(x),8p(x)) +iM(j,0)]

x

x[cos[A(j,0)] - isin[A(f,0)] ), (15)
and breaks down into two parts:

(i) non- measure preserving (nmp)[38],

(U,_p(jm )= exp[ihl-j'H(s)d.s':F A}, sed, (16)

(i) unitary (u):
U (T )= expl(in)™ [ H(s)ds+ iA(n2)], s € 4,. an

Remark 1

A(n,o) 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, ¥, in the time

space </ ,_.
m%)c HOYO,red , . (18)

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, N, 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

ond », 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 U evolution according to

ih = H{O)¥(),t e R . (19)

¥()
a

Remark 2

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 ¢ x),7(x)
were operators. Because products of the form { Dx(x)Dg(x)} 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

n(x)Dg(x) instead of Dr(x)Dg(x) .

Proof of the fundamental proposition 1
We start the proof by giving the solution of (18)

WT )= {expl-in™ | se(qx),anx ))d'x)}, » < 3 20)
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= {expl-it” [H(s)ds },seT, @
The steps followed are :
1) Combine the above integral 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[(it)™ j dx*3,p(x)7(x)] in a power series. This gives

w () A -
W=+ 2L (a0, atx, )%}
A Ast AL A=

L4

A

xep[(-h)" | £(ex)apxNd"x]. (22)

The above integral series is defined on Il_;,, , 4.,k=12,... ,{4,} ={partitions

of 4}, because the infinite divisibility property is used. The integration of the

last factor is made on M .

Next, assertion 3 is used in the form J,p(x')d*x'= dg(q,t')d’q and inserted
into (22) together with assertion 4. 4, in the n-th term is put equal to »
corresponding to the partition Awn VREZ".

The A _-th integration in (22) is carried out on the i -th sector (of the A, -

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

= (i) A A . 2(3.5(z,) i ol
W, 1=+ XTI Ja [ dolg 5,)2(q .s,)
A=l P 7=l & ¢(g,o)

xexp[(—ih)"_j‘ i(ﬂ/xzr):@{xj,))d;x’z,] Ve, er,. (23)

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

probability distributions independent of « . Using this property and omitting,
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therefore, the index ,«, in A, under the product sign in (23), we can sum-up
the series.
Using again the relation

7 (x) Sup(x)= Ll p(x).8p(x) )+ H(@(x),5p(x)) 29
the result gives after summation

#q.5(r,)

o y=exp( [d°q | do(q'.s,)n(g.s,)

of ¢(g ,0)

xexp[(~ih)” [ 2(@x")Apx"Nd'%") (25)

= exp( ()" [d*x [L(o(x).p(x)) + H(p(x),80(x)) ]

Ty

xexp[(~h)" | 2(@X) 0 )R] ) (26)
My
= exp( (in)" [d*x[L(o(x).dp(x) + H(p(x). dp(x))]
= exp( (in)" d*x[L(o(x),ap(x))+ H(p(x), ()]

x{cos[h™ _j‘ .’.( o(x"), (X' Nd*x" ]
. . -1 e ' ’ (] )' (27)
~isin{h™ {2(p(x').0p(x’))d’x’ ]}

After separation of the real and the imaginary parts in the exponent, we get
the fundamental formula for the generalized time evolution operator, C(J , ),

which is a realization of both quantum dynamical processes U and R.
CWT ) =exp( {(in)” [d*x[L(p(x),ap(x)+ H(9(x).00(x))]

x cos[h™ I A p(x), Gp(x )" ] }

+ {(h)" [d*x [L(p(x),00(x))+ H(p(x).p(x)) ]

x {~sin{h’" Jdox').8(x"))d*x' ]} ). (28)
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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 “‘sin” expressions in (28) . The result is

O \) =exp( [(in)™ [d*x H(p(x),8p(x)) +A(),0)]
My

x [cos[A(j,0)]-isin[A(j,0)]] ) . (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, U , (7 , ).
b) R the incoherent part of the evolution, U, (7 ,).

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

quantization of the field-action integral into the alternative:

C,) =EITHER U, (T )xT OR T xU (7 ,) (29)

This completes the proof of the fundamental guantum 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 U 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 spontancous
renormalization of the field-action integral in the exponent by means of the

term A(n,o) (seealso (33) and (34) below).

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

The integrals in series (23) are all finite. ¢ 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 ', characterizes the integration path dg(g,s) in
the space interval [q)( x,1),¢(x1+71 )] with initial and the final values [g(x,2)]
for §,= 1, and [p(x,1+7)] for s', = 8(z) respectively. The field function o
coincides at these values of s with the lower and the upper limits of the ¢-

path integration.
Corollary 1

The contribution, U a (7 ) ). to the evolution operator of the path integral in

the expansion (23) vanishes in the limit A, — .
Proof
The A, -2h term in equation (23) is

p(gs+7)

- ;'"
U, (7 A))=%)—:i [1fea [d0a .5)a( .s,)

7 g 2(g2)
x @[ ()" | 2(¢(x'), X )d'~] (30)

The integral over dp sums values along all paths. The integral over d°g sums
the function ¢(g,s)-values along every selected individual path between the

two fixed limit function values ¢(g,f) and q)(E,t +7;).
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The measures in the integrals of the product in (30) are well-defined and exist
on the supports:

) [0(0).9(8(z,,))], and iD) O*cR*.

P(q.1+7)

The factors {f,} of the productH _‘-dsq Jd @(q ,s,)7(q aS,,) are
a4 o(g.)

e
independent of 77 and { [ [ £, =/ }. Also, the factor (4, !)™ decreases faster

=l

than the power f*, and for 1_— « there holds Jlim feiial=0.1t

follows, therefore, that the functional integral does not contribute to the
evolution operator in the limit A_ — o . This completes the proof Cerollary 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 dg and over
dp(g,s). The following correspondances with Feynman’s path integral are
observed:

In the limit, A, — 0, the integrals become functional integrals with the

measure correspondences
Dg = M d%; g, €0’ ck @31)
Dp = 11zr(cp(q,,,sn).w(qﬂ,s))dq:(qn,sﬂ) (32)

7=

for ¢(qry's)’ ”(ﬂqr}!sq )'Mqr,!sq)) € Lz L
The contributions of these integrals, which are similar to Feynman’s path

integral in the limit A, — o ,are zero because of the normalization factor, 1, !.

This normalization factor implies that the path integral
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¢(E,l+ 7)

(m)“' H |#a  [do(q .5)7(q .s5,)

= g o(g)
x @[ (=) | L(ex)3px)d'x]

takes finite values in the above limit.

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

An = Im[il‘(qr,(jﬂ),qrj) (tj-o-l - t/)]dqm
=11 0a(1,, - 1,)/a,(g)}"”

in Feynman’s path integral,
-l 1
jexp[ljgll‘(ql,(jﬂ),qrj) (tjq =i ) y

dg, 4Gy
1 AZ - An—l '

vanish in the limit /im,_,_(1,,, —1,) =0, if the Lagrangian, L, is of the form

L=3,.36(2,)6 -V(4,)-
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 1. Comparison of Feynman’s path integral properties with those
of the present theory with some statistical and quantum properties.

Feynman Present work

Spatial ; = ©
e I Td°g,

%=1 k=t

Functional measure: = fIde - gz(qu,s),&P(qk.S))dﬂ’(%S)
k=1

Normalization: ? o 1!
Uncertainty Principle: no yes
Gibbs ensemble: no yes

381



The exponential in (28’) becomes real for j = 2n+1)/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,z(q,,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 ficld-action integral.

8 The temperature in stochastic quantum field theory
The measure preserving evolution is implemented by means of the unitary

operator
U, (8(1))=exp[(ih)" [d'x H(p(x),dp(x)+2im] , n=0l2.. . (33)
My

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

Uy (3(7)) = exp[{ % [d*x H(p(x),8p(x)) Fa@n+1/2) )]

n=0123,. . (34)

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

Hamiltonian, and U, (8(7)) or Uy, (8(7)) act on ¥, then (33) and (34)
become respectively:

exp[~i% E,.8(t,)/ h+2im], 35)
A=1

exp[—T—_%_flEl.5(rl)/h$7r(2n+1/2)]. (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 {5(r)),

A (E)A'
P = e

Proof

We divide and muitiply the sum in the exponent of

ep[FE, E,.8(1,)/ ¥ a(2n+1/2)]

Ar
by X 8(z,)/ 4,, and we write for the time averaged energy per particle the
A=]

expression

(E),, x A x<30>,
=Ax(E &z,)/ H)x £ E, 85, )IE 8(r,), (9
<E>,= XE&(t,)/ 38(r,),

<8(1,)>,= % &(t,)/ A.

The factor (35) appearing in a state vector after the action of ‘U,w (7))

is the Schroedinger factor familiar to time dependent problems. The
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corresponding factor in (36) becomes identical to the Boltzmann statistical
factor, if the system temperature is defined by

A
NN

ke, T = (40)

where £, is the Boltzmann konstant, and the system energy is given by (39).

It should be observed that the temperature, 7/, 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 2 =12...4, .

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, £, , in chrono-topology and it is
givenby £ = (6(z)),” . It allows to give 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>t'=—it|Trexp[-i(H-uN)tj=Trexp[-B(H - uN)].
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 OFT.
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 numbe¥ of the
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 /PN which in that time was the entire

N!. In this case - as is now clear - God, indeed, does not play dice for time
teN! with §(N))=o, and Einstein was right. In fact, the quantum
equations are per contruction non-statistical for ¢t € N and, evidently, for
ty =N

Since the quantum equations are deterministic for z € N}, so are they for
ter, c N}, because 7, is densein 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 7z, of infinite

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

te Uz, forany large AK. This is true for at least two reasons:
AE€A,

(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,z,, because of its very small
diameter,d(z, ).

(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 ,, not for

ter,. But for t €J,, 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, z €{J; 7, .
(ii) The impact parameter, reS, ={J; {r, +Ar,}.
Clearly, the two parameters, (7, Ar, ) do not appear in the solutions of the

quantum equations as r+Ar or as f+7,,r€N,, because the wave

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

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

Bohr’s statement, on the other hand, regarded the quantum physics results of
2 measurement as a whole for a particular experimental value, because

quantum physics observation’s arena is not z,. The physical ‘playground’ is
rather o/ A= U t, , and the space-time, A_J:, , resulting from it in accordance
with Einstein’s relativity.

Moreover, since {§(7,)|A €Z*} are within limits random numbers, an
averaging process in </ » 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 7,) of the fundamental equations of quantum theory

with the statistical interpretation of the wave function (inside 7 , ) .
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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, H}‘\ .
In Euclid’s or in Minkowski’s space-times the equation
H=H +H,+.+H, with H=H =H,=.=H ,VA, eZ*
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/—FE, / kT ], 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 7- symmetry violation exemplified in nature
by the CP- violation in K,’ - K’ system discovered {44] in 1964. CP-
violation exists also in the semi-leptonic decay of neutral kaons
K® > I*v,n,K° > I"vr*, where the lepton / is either an electron, ¢, or a
muon , 4, 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, U,,,(7;) .

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
observatiomn.

It is of great importance to note that the irreversibility property exhibited by
the operator , U ,,,, (7 , ), 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 X°-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

I3

T=
ky<t>

, where < 7> is the collision transition time of the system’s

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

neighbourhoods, 7] , considered.

s

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

E,
also because the Boltzmann factor, ¢ *7, and the absolute temperature, 7,

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 ™ 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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