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This special issue is one of the outcomes of the International Symposium “Worlds of
Entanglement,” held at the Free University of Brussels (VUB), on September 29–30, 2017.
The event gathered more than 50 scholars from different disciplines, ranging from pure
mathematics to visual arts, and from multiple parts of the world, including Argentina, Austria, Canada, Chile, France, Germany, Italy, Japan, Poland and the United States, among
others, to animate an interdisciplinary dialogue about fundamental issues of science and
society.
Entanglement is a quantum phenomenon that can be produced when two or more physical entities interact, and is reflected in the impossibility of describing the obtained collection in terms only of the composing entities (Horodecki et al. 2009). Indeed, the only
possible description is in terms of a “global state” which encodes the properties of all the
entangled entities as a whole, as if forming a bigger interconnected single entity. Quantum
entanglement has no counterpart in classical physics, which led one of the founding fathers
of quantum theory, Erwin Schrödinger, to consider it as not “one but rather the characteristic trait of quantum mechanics, the one that enforces its entire departure from classical
lines of thought” (Schrödinger 1935).
One of the fundamental peculiarities of quantum entanglement is that, when one of the
entities undergoes a measurement, and its state changes according to the obtained outcome,
all the other entities which were previously entangled with it will also collapse to states
that are correlated to each other. And even when the entities are separated by large spatial
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distances, this effect of joint collapse appears to be instantaneous, hence cannot be the consequence of some information transmitted across space at finite speed. This seems to contradict one of the fundamental principles of relativity, which states that no signal can propagate in space faster than the limit speed of light, but many mechanisms are also in place to
protect quantum theory from an actual breach of causality and in fact the phenomenon of
entanglement, like also other quantum phenomena, suggests that not all we measure in our
physics laboratories would be the result of processes unfloding exclusively within our spatiotemporal theater. In other words, entanglement, one of the fundamental features of the
microscopic realm, nowadays massively applied in the development of new technologies, is
challenging our most profound intuitions about the nature of our physical reality.
The general notion of entanglement was taken as a central idea for this meeting in Brussels mainly for two reasons. The first is that entanglement entails a notion of wholeness,
which on the one hand calls into question the assumption that knowledge and information would be always decomposable into parts, and on the other hand explains that whatever decomposition into parts we choose, it can be expected that the obtained parts will
be connected in some way and therefore still influence each other. This invites us, among
other things, to rethink the way knowledge is created by the joint work of scholars. They
tend to work and develop their careers enclosed in their disciplines or interacting very little with other disciplines in order to reach their specific research goals. Hence, scholars
usually behave like non-entangled (classical) entities. However, by disconnecting from
the advances and understandings of other disciplines, they can miss potentially important
cross-fertilizations, and more important, they can miss larger encompassing questions such
as how their research can serve the very advance of science or of society as a whole. In that
sense, entanglement can also be taken as a powerful metaphor to propose novel ways of
knowledge integration, by means of an interdisciplinary collaboration and the consequent
creation of solid bridges between the different disciplines.
The second reason is not metaphorical but historical. We are now facing a second quantum revolution which opens up the application of quantum theory in radically novel ways
with respect to the previous century (Dowling and Milburn 2003). In the first quantum
revolution era, technologies such as laser and MRI were built upon fundamental quantum
mechanical features such as indistinguishability and state excitation and a passive use of
them was essentially made, in the sense that quantum features were mostly exploited in
a “reading modality.” The second quantum revolution, instead, also actively created and
artfully manipulated quantum states and quantum contexts to produce useful and specific
new applications. Among them, we find quantum cryptography, quantum computation
and quantum metrology. Hence, the informational and structural possibilities of quantum
systems have now become the core of todays’ quantum technologies. In addition, a vast
amount of research is devoted to identify new areas in which quantum-like theoretical
structures can be found (Khrennikov 2014). These fields do not build quantum-like theories
based solely on the fact that nature would be fundamentally constituted of quantum entities at the micro-level, but propose that quantum mechanisms are also in force in areas of
scientific inquiry extending beyond the microscopic realm. In particular, the mathematical
formalism of quantum theory, involving particular forms for state representation, probability calculus and time-evolution, can be extended to domains such as information retrieval,
biology, cognition, social science and even evolutionary theories. Therefore, entanglement,
as one of the core concepts of quantum theory, also possibly becomes a central feature of
novel scientific approaches to traditional fields of scientific investigation.
But coming to the content of this special issue, its articles cover an interesting spectrum of topics relating various disciplines to quantum theory and in particular to the notion
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of entanglement. The first two articles are about foundational aspects of quantum theory
(Diederik Aerts et. al, offer a review of the conceptuality interpretation of quantum theory, and Christian de Ronde, discusses the controversies related to quantum contextuality).
Three articles propose novel languages to represent quantum structures (Claudio Garola,
deals with contextual probabilities, Giuseppe Sergioli, with computational logic, and Massimiliano Sassoli de Bianchi, presents an accessible version of the extended Bloch representation of quantum mechanics). Three articles explore cognition and counsciousness
(Chetan Prakash, on the interface theory of perception, Yukio Pegio-Gunji, on the relation
between free-will and entanglement, and Jakub Tes̆ar, on modeling game theoretical scenarios using quantum structures). Two articles also examine aspects relating to the foundations of physics (Jan Naudts, proposes the emergence of Coulomb forces from Quantum
Electrodynamics, and Karl Svozil, discusses the possibility of unified physical theories by
means of a high-dimensional fractal space-time). One article is about the interplay between
Art and Science (Kyoko Nakamura, discusses the relation between entanglement and creativity). One article is about philosophy of language (Federica Russo) and another one is
about ecological modeling and quantum structures (Tomas Veloz).1
Worlds of Entanglement was the natural continuation of past events organized by the
Center Leo Apostel for Interdisciplinary Studies, around interdisciplinary reflection, in
particular the “Einstein meets Magritte” Conference (1995), and the “Times of Entanglement” Symposium (2010), which brought together some of the world’s most renowned
thinkers, such as Zygmunt Bauman, Brian Arthur, Ilya Prigogine, Heinz von Foerster, William Calvin, Bas van Fraassen, Bob Edwards, Adolf Grunbaum, Rom Harré, Chris Langton, Constantin Piron, Francisco Varela, Linda Schele, Robert Pirsig, Barbara HernsteinSmith, John Ziman.
To conclude, we would like to thank some of the people who helped tremendously in
the organization of the event: Ema Garboni, Karin Verelst, Clement Vidal, Cadell Last,
Michel Barros Bessone, and Liesbeth Fieremans.
We hope to make this beautiful “Worlds of Entanglement” initiative further grow,
organizing new interesting interdisciplinary meetings in a nextcoming future.
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1
Lectures given at Worlds of Entanglement associated to these articles can be found in the Worlds of
Entanglement YouTube channel (https://www.youtube.com/channel/UCKaagmCRZ84qF7xiBF93yQw).
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