Press-communiqué,
Geneva 31 October 2001

Quantum correlations that are

not sensitive to space and time
Nicolas Gisin1, André Stefanov1, Antoine Suarez2, 
Hugo Zbinden2
1 Groupe de Physique Appliquée, Université de Genève

2Centre de Philosophie Quantique, Genève et Zürich
Quantum mechanics is the physical theory that describes the world of atoms and elementary particles, of electrons, protons, and “particles of light”, known as photons. According to this theory, a physical system consisting in several particles must sometimes be considered as one single object, which cannot be split up into its component parts: the whole is greater than the sum of its parts. The “hydrogen atom” system, for example, although it consists in a proton and an electron, is thus a unique object. This feature of quantum mechanics is particularly striking when the system examined consists in two photons that are several kilometres apart. 

Such photons can be created by a very specific source of light, and then directed by optical fibres to two distant laboratories. In each laboratory, a physicist can study “his” photon with a measuring device. To simplify matters, let us consider that each of the two physicists only has the choice of three measuring devices and that each device can only produce a binary result, in other words, a yes/no type of result. The experiment is repeated a great number of times. Every time, each physicist uses his freewill to choose one of the three devices at his disposal. For some systems in physics, such as the two photons, quantum mechanics claims that each time two physicists choose the same measuring device, the photons will give the same response, and this has been proven by experience: these results are therefore in close correlation. 

Correlations between events are commonplace in our everyday life. For scientists, the empirical data that they build their theories on is based on the observation of correlations. In the everyday (non-quantum) world, the correlations between the photons described above can be explained in two ways. Firstly, one could imagine that the answers that the photons provided were decided on in advance: that is the explanation by “common causes”. Thus, two computers may independently give the same result, if they run the same programme (in this case, the common cause is the programme). In 1964, John Bell, an Irish physicist who worked at the time at CERN in Geneva, proved that quantum mechanics predicts certain correlations that are incompatible with this type of explanation; the well-known “Bell’s inequalities”. Since then, many experiments have disproved the explanation through “common causes”. One noteworthy experiment was carried out in 1997 by the “Groupe de Physique Appliquée de l’Université de Genève” (Group of Applied Physics, at the Geneva University), with photons travelling through Swisscom optical fibres, and analysed in Bernex and Bellevue [1].

A second natural explanation of observed correlations assumes that the two photons communicate as soon as they are examined: the first photon that is examined communicates its choice to the second one. One of the weak points of this explanation is Einstein’s postulate, according to which no information can be communicated faster than  light. And yet, the above-mentioned experiment between Bernex and Bellevue has proved that this hypothetical communication ought to take place at a speed that is at least a million times faster than light [2, 3, 4]! This weakness is not, however, disastrous. Indeed, only the speed of information is restricted by Einstein’s postulate. In the case of photons, information regarding the first photon’s choice cannot be controlled by the physicist: the choice is made by the photon and the measuring device; the physicist can only observe the result, not have any influence on it. A telephone connection is only useful if the transmitter can choose the information that the receiver will receive. In the case of the “quantum telephone”, the two connected people only hear noise, but they hear exactly the same noise. Given that no useful information is travelling at a speed faster than light, Einstein’s postulate has not been violated. 

In order to test this second explanation of correlations between photons, the physicists Antoine Suarez and Valerio Scarani suggested an experiment in 1997 that brought together quantum theory and the relativity of time [5]. Let us bear in mind that according to Einstein’s theory of relativity, the chronological order of two events may depend on the speed of the observer. Suarez and Scarani thus suggested an experiment during which the measuring devices that study our two photons are in movement, such that according to the Bernex device, the Bernex photon is analysed before the Bellevue photon. But at the same time, according to the Bellevue device, the Bellevue photon is analysed before the Bernex one! In such a configuration, neither of the photons is analysed in second place, so no communication whatsoever is possible, whatever the hypothetical speed. Suarez and Scarani conclude that in such a scenario, correlations should disappear.

In 1997, Antoine Suarez suggested that Prof. Nicolas Gisin should carry out this experiment, with the financial backing of the Odier Foundation for Psycho-Physics. After having made sure that no experiment that had already been carried out was applicable to this scenario, Prof. Nicolas Gisin, his main coworker Dr. Hugo Zbinden, and André Stefanov, a PhD student, got down to work. After several provisional results, the crucial experiment was carried out in the autumn of 2001: the photons provide correlated answers, as quantum mechanics had predicted, even though each one is “questioned before the other” [6]! This result disproves Suarez and Scarani’s model; more generally speaking, it means that correlations cannot be explained through “communication between photons” [7]. 

Quantum mechanics predicts the existence of observed correlations and is therefore in perfect accordance with the described experiments.  However these experiments mark an epoch in the development of fundamental physics. Though upholding the predictions of quantum mechanics, they arise crucial questions about the nature of the quantum world. Indeed, they prove that these correlations cannot be explained through a causal chain between events. Two causal chains can produce correlated events only if they have a common cause (explanation refuted for a long time through observing the violation of “Bell’s inequalities”), or if they are connected through one or several communication(s) (explanation refuted by our recent results). The conclusion is that correlations in the quantum world have their own causes, which cannot be reduced to those of the events, and are insensitive to space and time.
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