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Ressort: Mixed News

New material also reveals new quasiparticles
Bern, 09.05.2019 [ENA]

Researchers at PSI have investigated a novel crystalline material that exhibits electronic properties that
have never been seen before. It isacrystal of aluminum and platinum atoms arranged in a special way. In
the symmetrically repeating unit cells of this crystal, individual atoms were offset from each other in such a
way that they — as connected in the mind's eye — followed the shape of a spiral staircase.

Thisresulted in novel properties of electronic behaviour for the crystal as awhole, including so-called
Rarita-Schwinger fermionsin itsinterior and very long and quadruple topological Fermi arcs on its surface.
The researchers have now published their results in the journal Nature Physics. Researchers at the Paul
Scherrer Institute PSI have found anew kind of quasiparticle. Quasiparticles are states in material that
behave in a certain way like actual elementary particles. The two physicists William Rarita and Julian
Schwinger had predicted this type of quasiparticlesin 1941, which came to be known as Rarita-Schwinger
fermions.

Exactly these have now been detected experimentally for the first time — thanks in part to measurements at
the Swiss Synchrotron Light Source SLS at PSI. "Asfar as we know, we are — simultaneously with three
other research groups — among the first to see Rarita-Schwinger fermions’, says Niels Schréter, a researcher
at PS| and first author of the new study. The researchers discovered the quasi particles while investigating a
novel material: a special aluminum-platinum crystal. "When viewed with the naked eye, our crystal was
simply asmall cube: about half a centimeter in size and blackish-silverish”, says Schroter.

"Our colleagues at the Max Planck Institute for Chemical Physics of Solids in Dresden produced it using a
special process. In addition to the researchersin Dresden, scientistsin Great Britain, Spain, and the US
were a so involved in the current study. The aim of the Dresden researchers was to achieve atailor-made
arrangement of the atomsin the crystal lattice.

Inacrystal, each atom has an exactly assigned place. An often cube-shaped group of adjacent atoms forms
abasic element, the so-called unit cell. Thisrepeatsitself in al directions and thus forms the crystal with its
typical symmetries, which are also visible from the outside.

However, in the aluminium-platinum crystal that was now investigated, individual atoms in adjacent
elementary cells were dightly offset from each other so that they — as connected in the mind's eye —
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followed the shape of aspiral staircase, or in other words: ahelical line. "It thus worked exactly as planned:
We had achiral crystal", explains Schréter. However, in the aluminium-platinum crystal that was now
investigated, individual atomsin adjacent elementary cells were slightly offset from each other so that they
— as connected in the mind's eye — followed the shape of a spiral staircase, or in other words: ahelical line.
"It thus worked exactly as planned: We had a chiral crystal", explains Schroter.

No matter how you turn the one crystal, it will always differ from the other-handed crystal. "We
researchers find chiral materials very exciting", explains Vladimir Strocov, a PSI researcher and co-author
of the current study, "because mathematical models make many predictions that exotic physical phenomena
can be found in them".

And this was indeed the case with the aluminium-platinum crystal which the researchers investigated.
Using the X-radiation of the SL S and photoelectron spectroscopy, they made the electronic properties
inside the crystal visible. In addition, complementary measurements of the same crystal at the Diamond
Light Source in Oxfordshire, England, allowed them to see the electronic structures on its surface.

These investigations showed that the specia crystal was not only a chiral material, but also atopological
one. "We call this type of material achiral topological semimeta”, Strocov says. "Thanks to the
outstanding spectroscopic abilities of the ADRESS beamline here at SL S, we are now among the first to
have experimentally proven the existence of such amaterial."

Topological materials came into the public eye with the Nobel Prize in Physicsin 2016, when three
researchers were honoured for their investigations into topological phases and phase transitions.

Topology isafield of mathematics that deals with structures and forms that are similar to each other. For
example, aball of modelling clay can be formed into adie, aplate, or abowl by merely pressing and
pulling — these shapes are thus topologically identical. However, to obtain a donut or an 8-shaped form, you
have to make holesin the clay: one for the donut, two holes for the 8.

This classification according to the number of holes and further topological properties have already been
applied to other physical properties of materials by the scientists who were awarded the Nobel Prizein
2016. Thus, for example, the theory of so-called topological quantum fluids was devel oped.

"The fact that our crystal is atopological material means that in a figurative sense the number of holes
inside the crystal is different from the number of holes outside it. Therefore at the transition between crysta
and air, thus at the crystal surface, the number of holesis not well defined. What is clear, however, is that
thisiswhereit changes’, explains Schroéter. "We say that atopological phase transition takes place at the
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crystal surface. Asaresult, new electronic states emerge there: topological Fermi arcs.”

It is precisely the combination of these two phenomena, the chirality and the topology of the crystal, that
leads to the unusual electronic properties that also differ inside the material and on its surface.

While the researchers were able to detect the Rarita-Schwinger fermions inside the material,
complementary measurements at the English synchrotron radiation source Diamond Light Source revealed
other exotic electronic states on the surface of the material: four so-called Fermi arcs, which are also
significantly longer than any previously observed Fermi arcs.

"It is quite clear that the Rarita-Schwinger fermions in the interior and these special Fermi arcs on the
surface are connected. Both result from the fact that it is a chiral topological material”, says Schréter.

"We are very pleased that we were among the first to find such amaterial. It's not just about these two
electronic properties: The discovery of topological chiral materials will open up awhole playground of new
exotic phenomena.”

Researchers are interested in new materials and the exotic behaviour of electrons because some of them
could be suitable for applications in the electronics of the future. The aim is—for example with quantum
computers — to achieve ever denser and faster storage and data transmission in the future and to reduce the
energy consumption of electronic components.

About PSI

The Paul Scherrer Institute PSI develops, builds and operates large, complex research facilities and makes
them available to the national and international research community. The institute's own key research
priorities are in the fields of matter and materias, energy and environment and human health. PSI is
committed to the training of future generations. Therefore about one quarter of our staff are post-docs,
post-graduates or apprentices. Altogether PSI employs 2100 people, thus being the largest research institute
in Switzerland.

PSl is part of the ETH Domain, with the other members being the two Swiss Federal I nstitutes of
Technology, ETH Zurich and EPFL Lausanne, as well as Eawag (Swiss Federal Institute of Aquatic
Science and Technology), Empa (Swiss Federal Laboratories for Materials Science and Technology) and
WSL (Swiss Federa Institute for Forest, Snow and Landscape Research).
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