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Abstract: We present a model, in which quantum-collapse is supposed to be real as a result of 

breaking unitary symmetry, and in which we can define a notion of “becoming”. We show how 

empirical space-time can emerge in this model, if duration is measured by light-clocks. The model 

opens a possible bridge between Quantum Physics and Relativity Theory and offers a new 

perspective on some long-standing open questions, both within and between the two theories. 
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1. Introduction 

For a hundred years or more, the two main theories in physics, Relativity Theory and Quantum 

Mechanics, have had tremendous success. Yet there are tensions within the respective theories and 

in their relationship to each other, which have escaped a satisfactory explanation until today. These 

tensions have also prevented a unified view of the two theories by a more fundamental theory. 

There are, of course, candidate-theories, but none has found universal acceptance so far [1]. There is 

a much older debate, which concerns the question of the true nature of time. Is reality a place, where 

time, as we experience it, is a mere fiction and where past, present and future all coexist? Is this the 

reason why so many laws of nature are symmetric in time? Or is there really some kind of 

“becoming”, where the present is real, the past irrevocably gone and the future not yet here? 

Admittedly, the latter view only finds a minority of adherents among today’s physicists, whereas 

philosophers are more balanced. There is work in the foundations of physics [2–7] where the role of 

time in understanding reality and in possibly finding a bridge between the different views, is 

addressed. In [5] there is a kind of program, which tries to use the insights around the nature of time 

to bridge between Quantum Mechanics and Relativity Theory. In this paper we want to develop 

such a program in the spirit of [5] and in a fairly rigorous way.  

2. The Model 

2.1. Quantum Mechanics  

The ansatz for the mathematical theory of quantum physics is to represent a measurable 

property of a physical system, called an observable, as a self-adjoint operator ���(�ℂ) in the space 

of linear operators over a state space �ℂ, which carries the structure of a complex Hilbert space. The 

values, which this property can assume in an experiment, are the corresponding eigenvalues ��ℝ of 

� . Quantum theory assigns probabilities to these eigenvalues, which are then observed by 

experimentalists in repeated experiments on identically prepared systems. To do this, states are 

represented as unit-vectors �⃗ ∈, �ℂ, ‖�⃗‖ = 1.  They can be linearly expanded on the basis of 

orthonormal eigenstates of � , {|��⟩}��� ⊂ �ℂ , �⃗ = ∑ ��|��⟩, ��ϵℂ ��� .  A probability, �� , is then 

assigned to the measurement of eigenvalue ��, �ϵ�, by: 
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�� = |��|�.  

This assignment is also known as the “Born-rule” [8]. Let there be a quantum system, 

represented by a vector �⃗�,�ϵ�ℝ�
� : 

�⃗�,� = {��(�)|��(�)ϵℂ, �ϵℝ�, �ϵℝ, ∑ |��(�)|�
� = 1}. (1) 

We use summation instead of integration to stress the analogy with finite-dimensions. This lack 

of mathematical precision will not harm the arguments in the paper. The ��(�)ϵℂ  represent 

amplitudes for the probabilities ��(�) = |��(�)|� to detect the system in position �ϵℝ� at time-point 

�ϵℝ. The points (�, �)ϵℝ × ℝ� ≈ ℝ� are considered as degrees of freedom. “Time”, �ϵℝ, does have 

the role of describing change under preservation of identity and is hence not the value of an 

observable, like position �ϵℝ� [9]. At this point the space ℝ� is just considered as a set and must 

not be confused with empirical space-time, where observed physical systems manifest themselves. It 

is just a space of arguments or degrees of freedom and has a priori no further structure. We will 

revert to that later. The system, represented by �⃗�,�, carries (information) entropy: 

��⃗�,�
= − �|��(�)|�

�

����|��(�)|�. (2) 

Because probability has to be preserved, change in �ℂ happens by unitary time-evolution, 

�⃗�,� → �⃗�,�, and is described by means of unitary operators ��ϵ�(�ℂ): 

�⃗�,� = ���⃗�,� = ��
�
�

���⃗�,�,  ��
�� = ��

∗. (3) 

�ϵ�(�ℂ) is a positive-definite energy-operator, which we assume to be constant. Note that 

��⃗�,�
= ��⃗�,�

. By a theorem in [10] we know that the minimal time span, Δ���� , needed until �⃗�,� 

evolves into an orthogonal state, �⃗�,� = �⃗�,�
� , is 

∆���� =
ℎ

4(�� − ��)
, (4) 

with �� = ��⃗�,�����⃗�,��, and ��  denoting the lowest eigenvalue of � . In (4) we assume that the 

minimum is attained. 
We mentioned already, that the role of “time” � is to describe change. We can define the 

probability, that after “time” � a system �⃗�,� has changed, by: 

�(�) = 1 − ���⃗�,���⃗�,���
�

. (5) 

It holds that �(∆����) = 1. Hence we call ∆���� a “quantum of certainty”. Since for systems, 

which consist of a large number of subsystems, �(�) ≈ 1, ∀� > 0, “time” remains continuous, but 

can be counted in units of ∆����: 

�� =
1

∆����

��. (6) 

The symmetry of the unitary evolution (3) of �⃗�,� is broken by collapse, induced through a 

measurement interaction. In a collapse, as described by von Neumann, the state vector of a system is 

projected to an eigenvector of an observable, �⃗ → ����
�, ��ϵ�, and a measurement produces the 

corresponding eigenvalue. In particular systems, represented by �⃗�,�, attain a position (�, �)ϵℝ�, 

which can be observed. We consider the collapse to be a real physical fact and the entropy (2), which 

arises by decoherence over an apparatus and is reduced by the projection, dissipates to the 

environment [11]. This is in contrast to a merely epistemic interpretation of von Neumann collapse, 

where the projection is purely an update of the knowledge of an observer. Collapse, introduced this 

way, is a key constituent of empirical space-time, which we define to be the set of observed systems 

in ℝ� . It is the distance-relation between these observed systems, which will define a metric 

structure on ℝ�. So what is the metric structure of empirical space-time? 

2.2. Thermal Clocks 
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Let the system, represented by the vector �⃗�,�, be embedded in a reservoir of “temperature” �, 

where we interpret temperature at this stage simply as the average energy per bit of information 

��� =
��

��
. By the second law a collapse triggers dissipation of an (minimal) average energy-amount 

to the environment [11]: 

�� = ��⃗���. (7) 

By (4) the quantum state of the environment |ℇ�⟩ turns by this interaction into an orthogonal 

state |ℇ�⟩, ⟨ℇ�|ℇ�⟩ = 0, in a (minimal) time interval: 

∆���� =
ℎ

4�����⃗�,�

. (8) 

The assumption �� = 0  will be justified later in concrete cases. The collapse of a 

quantum-system thus leads to a definite “update” of its environment over a duration of ∆����. We 

call a collapse and the corresponding update |ℇ�⟩ → |ℇ�⟩ an “event”.  

The duration (8) of an event is through ��⃗�,�
 explicitly system-dependent. Very generally, we 

define a (natural) clock to be a process of a physical system, which uniquely defines a duration or 

period. We say that two clocks move in step, if there holds for their periods Δ��, Δ�� and a fixed 

�ϵℝ, � > 0: 

��� = ����. (9) 

We call such a pair of clocks, by slight abuse of terminology, synchronous. Hence by setting 

� = ��⃗�,�
 there is modulo synchronization a universal thermal clock with period: 

� =
ℎ

4���
 . (10) 

Equation (6) turns into: 

�� =
1

�
�� = �

4

ℎ
���� �� . (11) 

2.3. Light-Clocks 

Let us consider the special case, where the update of an event is driven by the energy of a 

photon (�� − ��) =
�

�
ℎ� −

�

�
ℎ� = ℎ� and hence � =

��

��
. For the period we get (after normalization by 

a factor four): 

� =
1

�
. (12) 

An event does not just define a duration (12), but also a spatial distance via the de 

Broglie-relation Δ� = � =
�

�
. We now chose a specific class of perspectives on empirical space-time. 

This class consists of those perspectives, in which free photons “move” 

(we will discuss the term “moves” later) in a time-interval of ∆� =
�

�
 a distance of Δ� = �, such that: 

��

��
= � ∙ � = � . (13) 

In other words it is the class of perspectives, where time and space-units are chosen in such a 

way, that the speed of light is always �. By this choice and the resulting invariance of � under 

change of perspective, we introduce a (pseudo) metric structure on empirical space-time, which 

turns into Minkowski space-time ��. The line element is ��� = ����� − ��� − ��� − ���, and the 

linear isometries are the Lorentz transformations Λ. These perspectives are also called inertial 

reference-frames. All observable quantities in empirical space-time have to be Lorentz-invariant, 

because they must be independent of the chosen perspective. The same holds for the laws, since else 

the resulting observable quantities are perspectival also.  
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In this paper we describe events by a generic mathematical model (8), (10), (12). There is work 

in the foundations of quantum mechanics [12], where the collapse and the emission of a photon are 

specifically described by using the direct-action picture of QED [13]. All (quantum) field theories, 

which have a direct-action formulation [14], allow this approach, if massive matter-waves instead of 

photons are used to induce the updates. We will do corresponding calculations in our model in 

Section 4. Our approach can also be applied to Gravity, which does not have a direct-action 

formulation [14].  

There are different intuitions around empirical space-time. Terms like: “a photon moves”, 

suggest that observable systems are embedded in ��, which is supposed to be a kind of pre-existent 

vessel. We rather share the view in e.g., [4,5,15], that empirical space-time is actually being created 

by events. Every event creates a space-time interval ��, and the distance relations of observed 

systems become thus dynamical. Note, that independence of the update �� of the direction of 

3-momentum causes the homogeneity of space. The probability-amplitudes �⃗�,�  and their 

interactions in Hilbert space do not live in this empirical space-time [4]. This is a crucial point, for 

which we will gain further evidence in Section 3.2.  

3. Some Consequences 

3.1. Relativistic Invariance 

By the de-Broglie relation, Δ�~ ℎ
�� , observable space-coordinates will not be defined at 

point-level. This is reflected in scattering experiments, where in-and outgoing free particles are 

observed in �� , yet the interaction processes at the smallest scale are a black box. They are 

mathematically described in �� by approximation-terms of the �-matrix, but never observed in 

empirical space-time. This leads to entities like virtual photons, which do not fulfill the relativistic 

mass-shell constraint. They are not part of empirical space-time [4]. Virtual photons generate a force, 

which over multiple events leads to observable acceleration of systems in empirical space-time. The 

probability of an event is observable though, and therefore its expression has to be 

Lorentz-invariant. At the level of wave functions we may encounter violations of invariance [16]. We 

know that we don’t find invariant orthogonal position operators, or that the momentum 

eigenfunctions are non-local. Finally, collapse violates relativity and is hence not a process in 

empirical space-time either. It is also important to note that certain questions, like through which slit 

a photon passed, have a priori no answer in empirical space-time. The reason is, that without a 

measurement there simply exists no corresponding event. If we try to interpolate and construct 

seamless description in �� through hidden variables for instance, then these variables must forever 

be unobservable, i.e., truly “hidden”, or they violate relativity [5]. 

3.2. Time 

Contrary to the time-parameter at the level of Hilbert space, which has a purely logical function 

and has a priori no direction, thermal-time, measured by thermal clocks, does have a direction 

because of the irreversibility of the underlying process. Collapse leads to the erasure of former states 

and the dissipation (7) is irreversible [11]. Therefore empirical space-time carries a time-orientation, 

which is not implied by the metric structure of �� alone. The dynamical nature ensures that the 

future is not yet, and the past is no more existent but unalterably fixed. This corresponds to our deep 

intuition of reality as an evolving “present”. For a consistent construction of the “transient now” 

within empirical space-time ��, see e.g., [6,17]. The beginning of thermal-time was the first event 

and hence the beginning of empirical space-time. If the average temperature was very high, then by 

(7) a big amount of energy was dissipated to the environment, like a big bang. There is no need for a 

special low-entropy initial state to account for the direction of time [5]. By the Feynman-Stückelberg 

interpretation of anti-particles, it is also clear that they cannot last in empirical space-time. What 

about “time” at the level of Hilbert space �ℂ?  

Probabilities are in fact the probabilities of collapse, which lives outside of empirical space-time. 

Yet, they can be observed by statistical experiments in labs within empirical space-time. Therefore 
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they have to be Lorentz-invariant. If probabilities are to be independent of inertial reference frames, 

then, in particular, the probabilities of two space-like separated measurements have to be 

independent of their time-order. Let us consider the probabilities of two spin-measurements 

�, ��{±1} on a pair of entangled photons in freely chosable directions �, �. We denote the outcomes 

by � = (�, �) and ℬ = (�, �). In the sequel we follow an argument in [18,19], and the formulation 

is independent of the details of quantum theory. Assume that the measurement � happens before 

ℬ and that there is no influence from the “future”, what we call “no retro-causality” (the notion of 

“causation” is intricate and we use the word simply to express the independence of correlations with 

future events). This means that events in the “future”, in particular ℬ, have no impact on the 

probabilities of � . Denote by ��  all the variables, which could otherwise influence � 

independently of �. Since � happens first, and there is no retrocausality, we have: 

��( �|�, �, �, ��) = ��( �|�, ��). (14) 

The analogous conclusion holds for a reference frame, where ℬ happens before �: 

�ℬ( �|�, �, �, �ℬ) = �ℬ( �|�, �ℬ). (15) 

Independence of ��/ℬ  of time-order together with (14), (15) and � = �� ∪ �ℬ , define a 

Bell-local model: 

�(��|�, �, �) = ��(�|�, �, �, �) ∙ �ℬ(�|�, �, �) = ��(�|�, �) ∙ �ℬ(�|�, �) (16) 

Such models contradict quantum physics theoretically [20] and experimentally [21]. As a 

consequence, there are either preferential reference-frames for probabilities, contrary to relativity, or 

we have to drop the assumption of no retro-causality. There has been renewed interest in the 

question of retro-causality [22–24], and its existence seems, not least given the above result, a 

sensible way within a realist interpretation of quantum physics to avoid serious tension with 

relativity. (There are other possibilities, like to renounce to the causal Markov property, which 

prevents the first factorization in (16), or to assume a kind of gigantic conspiracy, which prevents the 

free setting of � and �. These assumptions seem less plausible though. In case we don’t attest to any 

of the notions in quantum physics a reality and take a purely epistemic view, then the above 

arguments are obsolete, of course). It is, however, evident that the picture of empirical-space-time, 

which we introduced above, where the “present” dynamically emerges through events, cannot be 

made compatible with retro-causality, not even in its temporally non-local form [24]. To save the 

invariance of probabilities, there must be a realm outside of empirical space-time, where “time” is 

symmetric. The realm of amplitudes in Hilbert space and their laws can therefore not live in 

empirical space-time. The two-state vector formalism [2,25] and the transactional interpretation [3,4] 

both take the future-dependence explicitly into account. It is well known, that empirical space-time 

is protected from observable consequences of the, as we have seen, necessary non-localities in the 

Hilbert-space realm. As the protection serves the simple fact, that collapse is fundamentally 

probabilistic and no superluminal signals or influences can be sent. 

4. The Structure of Space-Time 

4.1. Minkowski Space  

The true power of the thermal-time concept becomes apparent, if we look at multiple events of 

interacting quantum systems. Multiple interactions manifest themselves in empirical space-time by 

acceleration. Systems with constant acceleration, � , can be expressed in ��  by use of 

Rindler-coordinates. We chose a co-moving coordinate system, which is defined in the wedge, 

limited by |�| = �, and given by the transformations: 

� = � cosh(��) , � = � sinh(��) ,      � ≥ 0, −∞ < � < ∞. (17) 

The line-element is: 
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��� = �
��

��
�

�

����� − ��� − ��� − ���. (18) 

Contrary to velocity, acceleration is not purely perspectival and cannot be transformed away by 

Lorentz transformations. But there is a local inertial reference-frame at � = 0, where the system is 

momentarily at rest. Assume that in this local rest frame there is a heat bath of temperature �. (We 

assume that the heat bath is radiation and that ��� ≈ ���, for � such that h� ≪ ���. Hence �� =
�

�
ℎ� ≈ 0). Equation (11) turns into: 

�� =
4

ℎ
���

��

�
��. (19) 

We want to gauge the thermal-clock (19) with the special clock defined by a matter-wave with 

rest-mass ��, frequency � = 2�� and corresponding acceleration ��. In the respective rest-frame 

the matter-clock has a period: 

�� =
4

ℎ
��

��

��

��. (20) 

By the de Broglie-relation there holds with � = ���⃗ �: 

��
� = ℏ��� = ��ℏ��� + ��

���. 

 

(21) 

Further with �� =
�

�
 denoting the phase velocity of the matter-wave and �� = �� �

�
 the group 

velocity, we have: 

�� = 2� ∙ �� ∙ �. (22) 

By (22) Equation (20) turns into: 

�� =
4

ℎ
ℏ�

���

��
�� =

���

���
�� =

��

��
��. 

 

(23) 

The gauge-equation is therefore: 

4

ℎ
���

��

�
=

��

��
. 

 

(24) 

For the temperature � there consequently holds: 

� = ��,� =
ℏ���

2�����
. 

 

(25) 

Equation (25) is a generalized Davies-Unruh temperature and is perspectival. The de Broglie 

matter-waves are fundamentally relativistic entities [26,27], and the two velocities ��, �� represent 

the inclination of the space-and time axis, respectively. If we chose a massless (no rest-mass) wave, 

we are in the invariant situation, where �� = �� = � and Equation (25) turns into the well known 

Davies-Unruh formula: 

�� =
ℏ�

2����
. (26) 

As mentioned above, Equation (25) can be of importance, if the update of empirical space-time, 

as part of an event, happens by massive gauge bosons. Equations (24) and (25) also allow to apply 

our approach to Gravity (the general power of Equation (24) is demonstrated in [28] ).  

4.2. Gravity  

Gravity has so far resisted a quantum formulation, which would find universal acceptance [1]. 

There have been various proposals over time, which we cannot honor in this paper. In a nutshell the 

crux is, that by the equivalence principle one counterpart of the interaction seems to be the metric 

field of space-time. This leads to highly non-linear behavior of the metric components, which is hard 

to reconcile with the linear structure in Hilbert space. In our model we assume that a possible 

gravitational quantum-interaction becomes manifest after multiple events by an acceleration in 
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empirical space-time, and we do not go into the specifics of a possible interaction. Our results, 

however, will lead us to some thoughts about it in the next Section 4.3. Let us consider gravitational 

acceleration in the Newtonian limit at distance � of a mass � at relative rest. With the gravitational 

constant, �, we have: 

�� =
��

��
. 

 

 

If we gauge duration with light clocks, we need two events to write down the left hand side of 

Equation (24), since �� is, strictly speaking, not constant. We get: 
4

ℎ
�����

�

��

=
2

��
. (27) 

An alternative view could be to gauge with a hypothetical graviton ℊ. Since this particle is 

supposed to have zero mass and spin two, we may assume that �ℊ = 2�� and also derive Equation 

(27). Note in contrast to Equation (24), the factor two on the right hand side of Equation (27). With 

� = ���, �� = �
�ℏ

��, and �� = 4��� we derive from (27): 

�����
�� = 4��

���� = 4��
��. (28) 

By using (26) we arrive at: 

���� =
8��

��
�. (29) 

For the coupling constant, �� =
���

�� , we also have the less familiar notation �� =
����

�

ℏ�
, which we 

will use later. Equation (29), which holds on a spatial hyper-surface, can be generalized in covariant 

fashion to four dimensions, if we suppose the metric to be static. We repeat the derivation in [28], 

following the one in [29]. We consider an asymptotically flat, static background with global time-like 

Killing vector field ��. The generalization of Newton’s potential � can be defined by: 

� =
1

2
���(−����). (30) 

The exponential �� is the red-shift factor, which defines a foliation of space-time in space-like 

surfaces � of constant redshift. In this set-up a particle on the corresponding Killing world-line (e.g., 

at rest if � = ��) will have a four-acceleration perpendicular to � given by:  

�� = −∇��. (31) 

The left hand side of (29) formally turns into the more general expression: 

���� → � ��∇� ∙ ��

�

. 
(32) 

Formula (32) is (modulo constants) exactly the expression for the Komar-mass �, and we 

indeed get, by accounting for the constants, the equivalent equation to (29):  

1

2
� ��∇� ∙ ��

�

=
4��

��
∙ � =

4��

��
�. 

(33) 

Re-expressed in terms of the Killing vector �� there holds: 

� ��� ∧ ��������∇��� =
8��

��
�

�

. 
(34) 

By Stokes theorem and the identity ∇�∇��� = −��
��� (34) turns into: 

� ��������� =

�

8��

��
�, 

(35) 

where Σ is a volume bounded by �. Since by (35) the Ricci tensor ��� equals zero in a massless 

region, relation (35) holds for any boundary surface � of Σ, as long as Σ comprises all the matter. 

By writing the right hand side as an appropriate integral over components of the energy-stress 

tensor ��� of matter we get: 
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� ��������� =

�

8��

��
� ���� −

1

2
�����

�

������. 
(36) 

Finally, by considering a small, almost flat space-time and imposing that, if matter � crosses 

the screen, then the Komar integral changes by that amount, (36) can be shown to hold for all 

(approximate) Killing vectors �� and screens � with normal vector ��. Therefore: 

��� =
8��

��
���� −

1

2
�����. 

(37) 

A similar approach was taken in [30] by using null-screens. Of course, the derivation of 

Equation (37) bases on the a priori existence of a space-time symmetry (time-like Killing field), which 

allows the local definition and conservation of non-gravitational energy-momentum and hence of 

mass (we do not enter into the discussion oft the fact that, strictly speaking, also the affine 

connection Γ� could be freely chosen). The well-known difficulty to do the same for gravitational 

energy, even in presence of the symmetry, invokes some thoughts on the nature of the gravitational 

field. This even the more so, that the possibility of transformation of one energy-form into another 

sheds doubt on the definability of non-gravitational energy also [31,32]. 

4.3. Some Thoughts on Gravity  

In this paragraph we want to add some thoughts on gravity, inspired by the above results, 

which are more speculative in nature. Whatever the right gravitational interaction is, we have seen 

that the metric structure of space-time (37) can emerge from gauging the duration of multiple events 

in empirical space-time with light clocks. The special form of the gravitational acceleration, namely 

its independence of any probe-mass (weak equivalence principle) and the inverse-square 

dependence on spatial distance in the Newtonian limit, is fundamental to the result. Note that, if 

there were only one type of charged particle, the electron for instance with mass ��, then the 

identical derivation as above would work with the Coulomb-acceleration:  

�� =
��

4������
. (38) 

This would lead to a coupling-constant �� =
����

�

ℏ�
, instead of �� =

����
�

ℏ�
, where �� =

�

���
 is the 

Compton wavelength [33].  

In the last few decades there has been a series of approaches to explain gravity as an emergent 

phenomenon [28,29,34–36]. We cannot give individual credit to these works here, and for a recent 

overview see e.g., [37]. Our approach differs in two main points. Firstly, already empirical 

space-time at the level of Minkowski space ��  is emergent. More precisely, it is the metric 

structure, which emerges as a result of events and the choice of light clocks to measure duration (13). 

From there it only needs the gravitational acceleration in the Newtonian limit, to derive the 

dynamics of the metric structure and hence general relativity. Secondly, the irreversibility of events 

and their interpretation as “becoming” leads to the existence of two realms. On the one hand the 

realm of Hilbert space, where time is necessarily symmetric, and on the other hand the growing 

block-world of empirical space-time [5]. The concept of a dynamical space-time, which emerges 

through events from an abstract realm, points to the possibility that the metric-field is not the 

counterpart in a quantum-interaction of gravity but really an emerging relational structure on 

empirical space-time. (This idea follows the tradition of Leibniz and Mach). The gravitational 

interaction would then happen between material systems outside of empirical space-time, totally in 

line with the other interactions [38], or it could be the result of already known, but not yet calculated 

quantum effects, as R. Feynman suggests in his lectures on Gravitation (2003) Section 1.5 [39]. The 

difficulty to define energy and its conservation in empirical space-time, whether gravitational or 

non-gravitational, might then reflect that it is not the metric field, which carries energy, but some 

other fields in Hilbert space. It is, on the other hand, to be expected that the emerging metric 

structure does somehow reflect energy of the fundamental fields, as the example of gravitational 

waves proves. A satisfactory mathematical definition within empirical space-time seems, however, 
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only possible in special cases and in a linearized approximation [30]. Nevertheless the recent LIGO 

experiments have been very accurately predicted by the mathematics of general relativity. The 

metric structure must consequently reflect energy for all forms of acceleration, as the physical length 

contraction, which is considered to be an effect in special relativity, shows [40]. By the same token, 

the fact that there is the Planck length ��, below which a massive particle would be hidden by its 

own horizon, might just be a fact of the emergent geometry of empirical space-time and need not be 

the result of a quantization of space-time itself. The corresponding Planck-time is then given by �� =
��

�� , in line with our model (13). We get the Planck mass ��, if the Compton wavelength equals the 

Planck length, ���
= ��, and hence �� = ��. This in turn allows the definition of the gravitational 

constant by: 

� =
ℏ�

��
�. (39) 

So there is a connection between electrodynamics and gravity at the Planck scale. Maybe it is 

just the other way round, and there is a fundamental quantum of mass ��, acting like charge in a 

field theory, from which the other quantities like �� , or � follow. In this context it also seems 

natural, that in the mathematical formulation of quantum-interactions in ��, without empirical 

backing at the smallest scale, integration is cut at �� and some infinities are avoided.  

5. Conclusions 

We have given arguments for the existence of two realms, one of probability amplitudes in 

abstract Hilbert space, which carries a symmetric temporal structure, and one, which emerges by 

events as a result of breaking unitary symmetry. Events create empirical space-time. Gauging the 

duration of one or multiple events by light clocks, directly leads to a relativistic and time-directed 

metric structure of empirical space-time. The dual picture of reality adds to a better understanding 

of our intuitions about time and the treatment of it in physics. The choice of light clocks is maybe the 

result of our human condition to mainly perceive the world by means of light. The answer to the 

centuries-old question, whether reality is static, as taught by Parmenides, or dynamic in the tradition 

of Heraklit, would then be: it is both and there is an interplay between the two sides of the medal.  
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