
 

 

Quantum	  Technologies	  
Manipulating	  individual	  quantum	  systems	  for	  future	  technologies	  and	  innovation	  

 
“FET research on quantum technologies opened a new path to provably secure 
communications…” 

Communication from the Commission 
“Moving the ICT frontiers, a strategy for research on future and emerging technologies in Europe”,  

COM(2009) 184 
 
“But it could be that the most profound and mysterious feature of quantum mechanics, 
known as ‘quantum entanglement’ has not been exploited yet. Quantum entanglement 
opens the way to radically new ways of transmitting and processing information…” 

Th. W. Hänsch, 2005 Nobel laureate, 
member of the FET Integrating Project AQUTE 

 
All technology is constrained by the laws of physics. In the 19th century, 
technological limits were set by our understanding of the foundations of basic 
physics, which at that time meant thermodynamics and classical mechanics. The 
physics of the 20th century witnessed dramatic changes that led to discoveries of 
unimaginable scale and consequences. This paradigm shift has been triggered 
by the formulation of quantum physics, for which a whole sequence of Nobel 
prizes has been awarded1. Quantum theory provides a coherent picture of the 
physical processes at the microscopic scale, which also serves as a basis for the 
understanding of several scientific fields, e.g. chemistry and microbiology.  

As a clear cut example of the fact that basic science is a long-term 
undertaking that however has the potential to result in the kind of transformative 
changes in technology that define our modern society, quantum theory has 
recently revolutionized Information and Communication Technologies. It is 
estimated that approximately two thirds of the US Gross Domestic Product is in 
one way or another based on technologies that are related to quantum physics. 
In order to illustrate the importance of quantum physics for industry let us 
mention only the discoveries of this first quantum revolution for which a Nobel 
prize was awarded and which have found direct application in industrial 
production: Transistors2, Lasers3, Superconductivity4, Giant magnetoresistance5 

                                            
1 M. Planck (1918), A. Einstein (1921), N. Bohr (1922),  P.A.M. Dirac & E. Schroedinger (1932),  W. 
Heisenberg (1931) and W. Pauli (1945). 
2 J. Bardeen, W. Brattain and W. Shockley (1956), Z. Alferov, H. Kroemer and J. Kilby (2000). 
3 Ch. Townes, N. Basov and A. Prokhorov (1964), D. Gabor (1971), N. Bloembergen, A. Schawlow 
and K. Siegbahn (1981), A. Zewail (1999), R. Glauber, J. Hall a T. Haensch (2005). 
4 H. Kamerlingh-Onnes (1913), J. Bardeen, L. Cooper and J. Schrieffer (1972), L. Esaki, I. Giaever a 
B. Josephson (1973), J. Bednorz a K.A. Mueller (1987) A. Abrikosov, V. Ginsburg a A. Leggett 
(2003). 
5 A. Fert and P. Gruenberg (2007). 
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(on which computers’ hard drives are based). To be sure, neither lasers, nor 
transistors, nor integrated chips and therefore computers and other now 
ubiquitous technologies would be available without the fundamental 
understanding brought in by quantum physics.  

But the 21st century is witnessing the beginning of a second quantum 
revolution; indeed the 2012 Nobel prize has been awarded to D. J.  Wineland 
and S. Haroche, for the development of techniques for manipulating  individual 
quantum systems, which constitute one of the pillars on which this coming 
revolution relies. Indeed, the continuously growing demand on miniaturization, 
speed and accuracy, the size of opto-electronic devices is in fact approaching a 
realm where only the fully quantum mechanical approach provides new solutions 
and obviously opens new opportunities. Nanotechnologies enable precise 
control at the quantum level, which in turns allow the exploitation of the full 
potential of quantum mechanics in information and communication technologies 
(ICT). We can now engineer quantum behavior at the level of logical degrees of 
freedom, thus overcoming the constraints of 20th century technology by providing 
the new paradigm of quantum technologies. 

Access and control at extremely small scales together with the mastering of 
the quantum laws that govern it translate into an enormous leap in computing 
and communication resources and power. It allows us to go beyond the limits of 
conventional ICT and it introduces a host of new possibilities that add a new 
level to the already staggering impact of conventional ICT. These quantum 
technologies offer much more than cramming more and more bits to silicon and 
multiplying the clock–speed of the ubiquitous microprocessors: they support 
entirely new modes of computation with qualitatively new and powerful 
algorithms based on quantum principles, that do not have any classical 
analogues; they also offer provably secure communications, simulation 
capabilities unattainable with classical processors and sensors with 
unprecedented sensitivity and accuracy. 

Thus, what it is at stake is not an evolution but rather a revolution of ICT: “a 
radical departure in ICT more fundamentally different from current technology 
that the computer is from the abacus6”. It is a totally new conceptual platform out 
of which whole families of disruptive (quantum) technologies can be designed, 
developed, and brought to the market. New fields of economic activities in the 
high-tech sector will be opened, while at the same time quantum technologies 
are poised to have an impact on everyday concerns, as well as high-speed 
computation (which would allow the simulation of complex systems such as 
multi-particles physical systems), and on other fields like quantum chemistry, 

                                            
6 W. D. Phillips, Nobel prize in Physics 1997, member of the FET Integrating Project AQUTE. 
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with great potential relevance for the understanding of a wide range of 
phenomena, including biological systems.  

Quantum technologies provide unprecedented resources for secure 
communication and privacy of information, data protection, health care and 
energy efficiency. In particular: 

§ Quantum simulators could provide answers to problems that are 
fundamentally beyond classical computing capacities. They can pave the way 
towards custom-designed quantum materials permitting free variation of 
system parameters within the study of microscopic properties of materials 
(helping, e.g., the quest for a high temperature superconductor, the ‘holy grail’ 
of energy efficiency).   Other applications include an accurate description of 
chemical compounds and reactions, or even finding out why quarks are not 
found free in nature. 

§ New quantum communication protocols can guarantee the absolute security 
of all kinds of commercial transactions including the ones performed through 
the future (quantum) Internet.  

§ Quantum computers would allow unprecedented computing power with which 
the simulation and understanding of complex systems and phenomena can 
become feasible. 

§ All along the way towards these major achievements, the know-how required 
for their development is going to produce a series of impacts in a range of 
technologies within and beyond ICT:  

§ Quantum metrology and sensors can be used to overcome the classical limits 
in various kinds of measurements for example in ultra-high-precision 
spectroscopy, or in procedures such as positioning systems, ranging and 
clock synchronization via the use of frequency-entangled pulses.  

§ Entanglement of atoms in clocks can be used to improve the precision of 
state-of-the-art atomic clocks, leading to the next generation of GPS, in 
synergy with and building upon the Galileo system.  

§ Nanometer sized rods and cantilevers can be used as sensors for the 
detection of extremely small forces and displacements.  

§ New quantum sensing devices allow for an increase in optical sensitivity 
beyond the wavelength limit with applications in pattern recognition and 
segmentation in images, as well as optical data storage.  

§ Sub-micron biomedical imaging for early detection and diagnosis can be 
achieved using frequency entangled photon pairs and color centers in 
diamond. 

The applications with the most disruptive impact like quantum computers are 
also those which will need the longest time to be brought about (as illustrated in 
the figure below). All of them are however poised to dramatically impact the 
future European economic competitiveness in areas ranging from wholly new 
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and innovative technologies to improvements in everyday concerns areas as 
diverse as traffic security (e.g. via personal navigation systems) health care (e.g. 
through high-resolution real-time medical imaging), security and privacy. 

  
 

It should be also noticed that the quantum technology industry has been 
building up over the last decade, the Swiss company ID Quantique providing a 
leading light, and recently one can clearly identify a positive trend with more and 
more start-ups emerging and maturing. Considering only the companies 
exclusively based on Quantum Information Technologies then we have already 
at least eight active enterprises (without counting quite a few specialising in 
single photon detection and associated technologies): ID Quantique, QuTools, 
SeQureNet, Quintessence, SQR Technologies, MagiQ, Selex and CriptoCam. 
Moreover, if we look at the companies that are actively interested in this field, 
then the figure gets much larger and includes some of the towering technology 
firms throughout Europe: IBM, Microsoft, Intel, Siemens, Oclaro, 
STMicroelectronics, Thales, Telefonica, Toshiba as well as NTT in Japan and 
Telcordia in the USA. 

A fitting metaphor to describe the impact of mission-driven research like the 
one that has to be envisaged for quantum technologies is that of a moon landing. 
Manned space missions have certainly had a huge impact on technology and 
society – not just because everyone was affected in their everyday life by what 
astronauts did or found on the moon when they landed, but for two subtler and 
deeper reasons: because of all the technologies that were needed on the way to 
reach that goal, from flight propulsion and control to new materials and 
computers, and because the mission expanded human possibilities beyond their 
known limits. Like in space exploration, the vision here is to explore the limits of 
what is possible – to overcome such limits by achieving concrete objectives, but 
also to go beyond them, where we don’t yet know what we will find. Here, too, 
there is a lot of interest not only in the landing, but also in the trip itself. Our 
“man-on-the-Moon-mission” analogues are the quantum technologies previously 
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described (which clearly appears in the citation of the 2012 Nobel Prize reported 
below), that will outperform what is currently available, and which will inevitably 
sprout even more disruptive technologies featuring previously unthought-of use 
of quantum effects. 

“Serge Haroche7 and David J. Wineland have independently invented and developed methods 
for measuring and manipulating individual particles while preserving their quantum-
mechanical nature, in ways that were previously thought unattainable. […] 

Both Laureates work in the field of quantum optics studying the fundamental interaction 
between light and matter, a field which has seen considerable progress since the mid-
1980s. Their ground-breaking methods have enabled this field of research to take the very 
first steps towards building a new type of super fast computer based on quantum physics. 
Perhaps the quantum computer will change our everyday lives in this century in the same 
radical way as the classical computer did in the last century. The research has also led to the 
construction of extremely precise clocks that could become the future basis for a new 
standard of time, with more than hundred-fold greater precision than present-day caesium 
clocks.” 

Nobel Prize in Physics 2012 press release 

 
 
 
 
 

This memorandum is endorsed by 
 
Serge Haroche and David Wineland (Physics Nobel Prize 2012), Wolfgang Ketterle (Physics Nobel 
Prize 2001), William Phillips (Physics Nobel Prize 1997), Tommaso Calarco and Ferdinand Schmidt-
Kaler (coordinators AQUTE project, FET), Konrad Banaszek (coordinator QESSENCE project, FET), 
Göran Wendin (coordinator SOLID project, FET), Vladimir Buzek (coordinator QUIE2T project, FET), 
Alain Aspect, Andrea Fiore, Andreas Wallraff, Anton Zeiliger, Antonio Acin, Artur Ekert, Atac 
Imamoglu,  Christian Roos, Christine Silberhorn, Daniel Loss, Daniele Binosi, David Di Vincenzo, 
Daniel Esteve, Dieter Meschede, Elisabeth Giacobino, Enrique Solano, Eugene Polzik, Evgeni Ilichev, 
Francesco Cataliotti, Frank Wilhelm-Mauch, Gavin Brennen, Gerhard Rempe, Giovanna Morigi, 
Gregoire Ribordy, Harald Weinfurter, Harry Buhrman, Ian Walmsley, Ignacio Cirac, Immanuel Bloch, 
Jakob Reichel, Jens Eisert, Jean-Michel Raimond, John Rarity, Jonathan Finley, Jörg Schmiedmayer, 
Jörg Wrachtrup, Jürgen Eschner, Klaus Mølmer, Lieven Vandersypen, Maciej Lewenstein, Marek 
Kuś, Marek Zukowski, Martin Plenio, Massimo Inguscio, Michael Wolf, Michel Brune, Mikhail Lukin, 
Nicolas Cerf, Nicolas Gisin,  Per Delsing, Peter Knight, Peter Zoller, Philipp  Treutlein, Philippe 
Grangier, Rainer Blatt, Richard Jozsa, Robert Thew, Roman Schnabel, Rosario Fazio, Sandu 
Popescu, Susana Huelga, Susanne Yelin, Tim Spiller, Thomas Schulte-Herbrüggen. 

                                            
7 Prof. Haroche has been a member of a number of the EC funded projects and among others he is 
presently a member of the consortium AQUTE. 


