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An international consortium led by researchers at the University of Basel
has developed a method to precisely alter the quantum mechanical states
of electrons within an array of quantum boxes. The method can be used
to investigate the interactions between various types of atoms and
electrons, which is essential for future quantum technologies, as the
group reports in the journal Small.

Applications of quantum mechanics are often compromised by the
fundamental property of quanta: any measurement inevitably modifies
the measured state. Technologies such as quantum computers can be
designed only on the basis of known, clearly defined and simple
interactions between individual components. The Department of Physics
at the University of Basel together with the Swiss Nanoscience Institute
has now developed a method that can be used to study these kinds of
interactions in a well-defined system.

Similar to a breadboard in electrical engineering

Breadboards are used in electronic measurement technology to design
and test prototypes of electronic circuits and for teaching purposes. The
procedure developed by the international consortium led by Prof.
Thomas Jung of the University of Basel works in a similar way: for the
first time, the new method allows researchers to configure a network of
quantum boxes in order to form various quantum electronic states. A
quantum box is an artificially produced structure that restricts a particle's
movements, so that it can move in only two dimensions. This reduces the
complexity of a particle interaction and simplifies the process of
measurement and analysis.
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The research team refined an established method in which atoms are
repositioned one after the other using scanning tunneling microscopy,
allowing the creation of clearly defined quantum sys-tems. Through the
targeted relocating of xenon atoms in quantum boxes, the team
succeeded in generating different patterns that correspond to a wide
range of quantum states.

Essential tool for quantum technology

The development of quantum technology relies on a detailed
understanding of the interdependence between different electronic
states; for example, in various atoms. With the physicists' method,
quantum states can be accurately reproduced and interactions between
various chemical elements and well-defined electronic states examined -
an "unlimited playing field for the study of quantum states", as the
researchers write in Small.

A range of institutions contributed to the project's success: the theory
was outlined by researchers from Linköping (Sweden), the molecules
used were synthesized in Heidelberg (Germany), and scientists from San
Sebastián (Spain) were responsible for some of the complex
measurements of the specific quantum states.
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