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Two simple ways of experimentally studying the properties  

of the nonlocal memory of quantum systems are discussed. 

 

 The concept of nonlocality appeared, apparently, together with quantum mechanics and is 

still widely discussed in the scientific community [1]. At the same time, the physical essence of 

nonlocality remains unclear. 

 If we assume that “quantum mechanics is a theory about information” [2], then it is 

logical to associate nonlocality with information. 

 For quite a long time, there are a number of direct and indirect experimental evidence of 

non-equivalence of the forward and reversed processes in quantum physics [3, 4]. The difference 

between the differential cross sections of the forward and reversed processes can reach many 

orders of magnitude. This is the physical basis for all nonlinear optics. 

  Such nonequivalence directly implies the existence of a memory of quantum systems 

about their initial state. Without such memory, it is impossible to distinguish a forward process 

from a reversed one. If the size of a macroquantum system is large, then it should be expected 

that its memory will be non-local.  

Here we are referring primarily to such quantum effects as bunching (Hanbury-Brown-

Twiss effect) and antibunching (Hong-Ou-Mandel effect) [5]. Two entangled photons enter the 

beam splitter and can exit it together (antibunching) or separately (bunching). This is a typical 

reversed (or partially reversed) process. Its direction is determined by the initial state of the 

quantum system, that is, where and how these photons were formed [6, 7].  

 For the experimental study of the nonlocal properties of the memory of quantum systems 

in the case of using beam splitters, the most convenient option is the so-called “delayed choice” 

[8]. In this case, the experimenters act on the photons after their interference has occurred on the 

beam splitter. Figure 1 shows a simplified scheme of such an experiment performed in [9]. Two 

entangled photons arrive at the beam splitter (1) and then enter at two detectors D1 and D2. 

Between the beam splitter and one of the detectors there are quartz plates (2), with the help of 

which the experimenters change the delay between the entangled photons. A typical HOM effect 

is observed.  

                                      

                                                                                                                                      

                                                                                                                                                             
 

Figure 1. 
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The situation looks like a violation of causality: the interference of photons on the beam 

splitter (consequence) occurs in time earlier than their interaction with quartz plates (cause). This 

is the manifestation of the nonlocality of the memory of quantum system. To study the properties 

of memory nonlocality, the distance between the beam splitter and the quartz plates should be 

increased up to several kilometers. Unfortunately, this experiment [9] was not completed [10]. 

 Another version of the experiment with a beam splitter of the "delayed choice" type is 

shown in Figure 2 [6]. Here, a photon (or photons) enters the Michelson interferometer and then 

the detector D. An additional polarizer P can be installed between the interferometer and the 

detector. It performs the function of the so-called “quantum eraser” [11]. In its presence, when 

one of the interferometer mirrors moves, a typical interference pattern is observed. There is no 

interference without an additional polarizer. This is again a manifestation of the nonlocality of 

the memory of the quantum system. For its experimental study, we can change the distance 

between the beam splitter and the additional polarizer up to several kilometers.  

 

 

 

 

 

 

                                                                                                                                                          

 

 

 

 

 

Figure 2. Simplified scheme of experiment with Michelson interferometer. 

 

 These are rather simple experiments (it can also easily include a "delayed choice" option). 

I understand why our experimenters are afraid to carry them out. The results of such experiments 

will be rather difficult to publish, since it is based on the still radical concept of non-invariance 

of time reversal in quantum physics. I hope that eventually there will be a bold experimenter who 

will conduct such experiments. I would have done it myself, if I had the necessary equipment 

nearby. 
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