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A new scanning tunneling microscope technique allows the study
of topological electronic properties of materials.

The ultra-relativistic nature of electrons in graphene relates to a topological property
of their wave-functions. An international team of physicist, propose a new scanning
tunneling microscope approach to measure this topological property in the electronic
density near an hydrogen atom grafted on the surface. This method which is published
in Nature magazine on September 30th could be applied to other materials in the
search of new topological electronic sates.

Time zone is a useful way to represent time at the surface of the globe. However, it rises the following
question : what time is it at the North pole where all the time zones meet? Within this representation,
the North pole is a singular point where time is not well defined. A way to reveal this singularity is to
send a traveler circumnavigating the globe to the East like Jules Vernes’ Phileas Fogg in his book ‘Around
the World in Eighty Days’. The traveler crosses the 24 time zones during his journey. Switching his watch
one hour forward each time he crosses a time zone, he will observe a time shift of exactly one day as his
returns to the starting point compared to an observer who remained there. This difference which is the
key to the final twist in Vernes’ book is remarkable in that it does not depend on the details of the travel
such as the latitude. It depends only on the number of turns around the north pole. Such a property is
said to be topological.

In quantum physics, topological properties characterize new electronic states. For instance, low energy
electrons in graphene behave as particle moving close to the speed of light. This ultra-relativistic
behaviour is characterized by a topological singularity, some sort of North pole in an abstract space.
Since electrons also have clocks (the phase of their wavefunction), the topological singularity has been
revealed by forcing the electrons to loop around it with magnetic fields and by comparing their clocks.
Under these conditions, the phase difference acquired after the navigation led to the observation of the
anomalous Quantum Hall Effect, which confirmed the existence of ultra-relativistic particles in graphene.

Now, writing in Nature an international team of researchers presents a new approach to access the same
topological property. The method is a conceptual leap as it does not require to force electrons around
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their north pole. Instead, the researchers have shown that it is possible to materialize the abstract
singularity at the surface of graphene by grafting an hydrogen atom on it. This is unveiled by wavefront
dislocations in the local density of electrons near the hydrogen atom observed in Scanning Tunneling
Microscope images (figure). They showed that the number of additional wavefronts is a measure of
graphene’s singularity. This discovery opens a new route to understand the topological state of matter,
which determine the optical and electronic properties of materials.

Figure 1 : top, 3D reconstruction of the raw scanning tunneling microscope image. On the right is seen
an artistic representation of the scanning tunneling microscope tip used to record the image. The dome
corresponds to the hydrogen atom. Some of the oscillations seen in the image result from the
rearrangement of electrons around the hydrogen atom. The bottom image represents the corresponding
signal selected from the original image and amplified. One observes additional wavefronts (dislocations)
in electronic density which are real space manifestation of graphene’s abstract singularity.

Ref of publication in Nature : doi : 10.1038/s41586-019-1613-5



https://www.nature.com/articles/s41586-019-1613-5
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Université Grenoble Alpes — UGA

The Université Grenoble Alpes is one of France’s leading institutions for higher education and research.
In an increasingly competitive world, this establishment aspires to offer a more effective response to all
the challenges facing universities both today and in the future, and to secure greater international
visibility and appeal. On the strength of its 80 laboratories and its six-centre structure, research at the
Université Grenoble Alpes enjoys greater cross-disciplinarity to place it at the forefront of innovation.
The range of courses offered, split into four main areas, now covers all academic disciplines.
http://www.univ-grenoble-alpes.fr

University of Bordeaux

With more 56,000 students, 3,200 researchers and teachers, and 2,800 staff members, the University of
Bordeaux is one of the leading French public research and higher education institutions, located in a
dynamic and culturally rich, fast-developing region.

Ranked among the top universities in France, the University of Bordeaux is renowned for the quality of
its academic courses and research. It is a multi-disciplinary, research-focused institution with a strong
ambition to develop as a leading, international campus. The University of Bordeaux is leading an
ambitious, competitive development program in partnership with local higher education institutes and
national research organizations, in order to promote Bordeaux as a “Campus of Excellence”.
https://www.u-bordeaux.com/

Le CEA

The French Alternative Energies and Atomic Energy Commission (CEA) is a key player in research,
development and innovation in four main areas: defence and security, low carbon energies (nuclear and
renewable energies), technological research for industry, fundamental research in the physical sciences
and life sciences. Drawing on its widely acknowledged expertise, the CEA actively participates in
collaborative projects with a large number of academic and industrial partners.
http://www.cea.fr/english

Le CNRS

The French National Centre for Scientific Research is Europe's largest public research institution. It
produces knowledge for the benefit of society, innovates and creates companies. With some 32,000
employees, a budget of 3.4 billion euros and offices throughout France, the CNRS is present in all
scientific fields through its 1100 laboratories. With 22 Nobel laureates and 12 Fields Medal winners, the
organisation has a long tradition of excellence. It carries out research in mathematics, physics,
information sciences and technologies, nuclear and particle physics, Earth sciences and astronomy,
chemistry, biological sciences, the humanities and social sciences, engineering and the environment.
http://www.cnrs.fr/en

Universidad Auténoma de Madrid

The Universidad Autonoma de Madrid is one of Spain's most prominent higher education institutions. It
is a public university with a strong social commitment. Since its foundation in 1968, it pursues cutting-
edge research and scientific excellence. It promotes innovation and transfer of knowledge as the driving
force of social and economic development.

http://www.uam.es



Radboud University

Radboud University is a public university with a strong focus on research, established in 1923 and
located in Nijmegen, the oldest city of the Netherlands. It is a broad, internationally oriented research
university. We value quality, combining excellent education with leading-edge research. Our academic
expertise is closely related to important societal issues, both in the public and in the private domain. We
play an important role in transferring knowledge to society. In this respect, regional entrepreneurs in
particular benefit from our activities.
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