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COVER IMAGE 
From science to technology and back again: 
state-of-the-art tools developed for quantum 
technologies, in theory and experiment, 
are allowing researchers to revisit the 
foundations of quantum theory and to explore 
the terra incognita that may lie beyond.
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Foundations of quantum mechanics

The fields of quantum information 
theory and quantum technology 
exploded in the late 1990s — 

the very decade that marked the rise 
of the internet. Labelled the ‘second 
quantum revolution’, this new wave of 
multidisciplinary research was fuelled 
by the quest for faster computers and 
secure communication. But exploiting 
purely quantum mechanical features for 
information processing requires a deeper 
understanding of their origin and role 
in different physical systems, as well as 
exquisite experimental control.

More than two decades of research have 
resulted in remarkable theoretical progress 
and experimental capabilities that now 
enable us to revisit the very foundations of 
quantum theory. To make a cartographic 
analogy, our present understanding of 
quantum mechanics is like an island 
containing still uncharted regions and with 
indistinct coastlines; even less is known of 
what may lie beyond the surrounding seas. 
This Nature Physics Insight covers some of 
the exploratory attempts to improve our 
map of the quantum world.

Experimental advances in the creation 
of macroscopic superposition states are 
pushing the limits of quantum theory to 
establish whether (or where) the quantum 
description eventually breaks down and 
the classical one takes over. Such studies 
might even betray gravitational corrections 

to quantum mechanics and could therefore 
be useful in quantum gravity research. 
In parallel, photonic experiments are 
providing new insight into nonlocality and 
complementarity — recent work seems to 
suggest that these too could be exploited to 
test models of quantum gravity, taking that 
quest from astrophysical observations to 
Earth-based experiments.

On the theoretical side, intriguing 
concepts are emerging — such as possible 
nonlocal correlations that are stronger than 
those predicted by quantum mechanics, 
or the existence of an indefinite causal 
structure. These concepts could be 
exploited in new quantum information 
processing tasks, and they illustrate the 
two-way relationship that exists between 
quantum information theory and the 
foundations of quantum mechanics. 
And, as we celebrate fifty years of Bell’s 
theorem this year, it seems timely to 
consider entanglement and its previously 
unsuspected connections to other areas 
of physics, such as thermodynamics and 
many-body theory.

It would be impossible to cover all of 
the exciting research directions in this 
very active field, hence the aim of this 
Insight on the foundations of quantum 
mechanics is to provide merely a taste — 
and to encourage a deeper exploration of 
the subject.

Iulia Georgescu, Associate Editor
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