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Abstract 

Time has always been a fundamental yet enigmatic concept in physics. From the arrow of time in thermodynamics to the timeless nature of 
quantum mechanics, understanding time's essence has challenged the foundations of modern physics. In this paper, we propose a novel 
interpretation of time in quantum mechanics, distinguishing between real time as observable events (wave function collapse or address 
changes) and imaginary time as the continuous evolution of the quantum state. By connecting this framework with the holographic principle, 
we aim to provide insights into the nature of time, its arrow, and its relationship with quantum mechanics. 
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Introduction 
The question of what constitutes the arrow of time remains unresolved. Classical thermodynamics associates it with entropy, while 

relativity and quantum mechanics provide distinct, often contrasting, views. This paper explores whether imaginary time, 

representing the continuous evolution between wave function collapses, can bridge these perspectives [1]. 

We explore the following: 

• How imaginary time functions during quantum state evolution.

• How real time emerges from discrete wave function collapses.

• How these concepts align with the holographic principle.

• The role of single-photon measurements in understanding time.

Real Time vs. Imaginary Time 

Real time: Observed events 

Real time is associated with measurable events—the "address changes" of particles when wave function collapse occurs. These 

address changes represent the transition of a system's quantum state into an observable classical state. For instance, when a photon is 

detected, the act of detection represents a real-time event. 

Imaginary time: Quantum evolution 

Imaginary time is proposed as the domain of quantum evolution between collapses. Quantum mechanics operates on probabilities 
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and amplitudes governed by the Schrödinger equation, which evolve continuously. During this phase, no definite outcome is realized, 

and the system exists in a superposition [2].
This framework suggests that imaginary time is not unphysical but rather reflects the evolution that occurs before observable reality 

emerges. In this sense, imaginary time bridges the continuous and probabilistic nature of quantum mechanics with the discrete, 

event-based structure of real time. 

The Arrow of Time 

The arrow of time can be understood as the sequence of address changes or wave function collapses, marking observable transitions in 

real time. However, during the phase of imaginary time, the system retains coherence, evolving without observable entropy. 

The proposed framework highlights the transition from imaginary to real time as the key to understanding the arrow of time. 

Observable events in real time correspond to collapses, but the evolution in imaginary time lays the groundwork for these events [3-5]. 

Connection to the Holographic Principle 

The holographic principle posits that all information about a volume of space is encoded on its boundary. Imaginary time could 

represent the encoding and processing dynamics of quantum information in this framework. Between wave function collapses, 

changes in the boundary's complexity might correspond to the evolution in imaginary time. Address changes, or collapses, would 

then be the "decoding" events visible in real time [6]. 

Single Photon and Light Speed 
The speed of a single photon is never directly calculated, as it requires at least two address changes for measurement. This supports 

the distinction between imaginary time (where the photon evolves unobserved) and real time (where events such as emission and 

detection occur). 

Conclusion 

This paper introduces the concept of imaginary time as the continuous quantum evolution between wave function collapses. Real 

time emerges from discrete address changes, marking observable transitions. The integration of these ideas with the holographic 

principle offers a unified framework for understanding time in quantum mechanics. Imaginary time not only bridges the gap between 

quantum and classical domains but also provides a deeper understanding of the arrow of time. 

Further exploration of this framework could provide insights into unresolved questions, such as the nature of entanglement, the speed 

of single photons, and the ultimate fate of information in the universe. 
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