
 

Shaping nanoparticles for improved quantum
information technology
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Artistic rendering of semiconductor quantum rings being illuminated by a laser
and emitting single photons. Credit: Argonne National Laboratory

Particles that are mere nanometers in size are at the forefront of
scientific research today. They come in many different shapes: rods,
spheres, cubes, vesicles, S-shaped worms and even donut-like rings.
What makes them worthy of scientific study is that, being so tiny, they
exhibit quantum mechanical properties not possible with larger objects.
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Researchers at the Center for Nanoscale Materials (CNM), a U.S.
Department of Energy (DOE) Office of Science User Facility located at
DOE's Argonne National Laboratory, have contributed to a recently
published Nature Communications paper that reports the cause behind a
key quantum property of donut-like nanoparticles called "semiconductor
quantum rings." This property may find application in quantum
information storage, communication, and computing in future
technologies.

In this project, the CNM researchers collaborated with colleagues from
the University of Chicago, Ludwig Maximilian University of Munich,
University of Ottawa and National Research Council in Canada.

The team assembled circular rings made out of cadmium selenide, a
semiconductor that lends itself to growing donut-shaped nanoparticles.
These quantum rings are two-dimensional structures—crystalline
materials composed of a few layers of atoms. The advantage of
semiconductors is that when researchers excite them with a laser, they
emit photons.

"If you illuminate a two-dimensional photon emitter with a laser, you
expect them to emit light along two axes," said Xuedan Ma, assistant
scientist at CNM. "But what you expect is not necessarily what you get.
To our surprise, these two-dimensional rings can emit light along one
axis."

The team observed this effect when breaking the perfect rotational
symmetry of the donut shape, causing them to be slightly elongated. "By
this symmetry breaking," says Ma, "we can change the direction of light
emission. We can thus control how photons come out of the donut and
achieve coherent directional control."

Because the photons in the light emits from these rings along a single
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direction, rather than spreading out in all directions, researchers can tune
this emission to effectively collect single photons. With this control,
researchers can integrate topology information into the photons, which
can then be used as messengers for carrying quantum information. It
may even be possible to exploit these encoded photons for quantum
networking and computation.

"If we can gain even greater control over the fabrication process, we
could make nanoparticles with different shapes such as a clover with
multiple holes or a rectangle with a hole in the center," noted Matthew
Otten, a Maria Goeppert Mayer Fellow at Argonne's CNM. "Then, we
might be able to encode more types of quantum information or more
information into the nanoparticles."

"I should add that geometry is not the only factor in causing this
quantum effect. The atomistic structure of the material also counts, as is
often the case in nanoscale materials," said Ma.

A paper based on the study, "Uniaxial transition dipole moments in
semiconductor quantum rings caused by broken rotational symmetry,"
appeared recently in Nature Communications. In addition to Ma and
Otten, authors include Nicolai F. Hartmann, Igor Fedin, Dmitri Talapin,
Moritz Cygorek, Pawel Hawrylak, Marek Korkusinski, Stephen Gray
and Achim Hartschuh.

  More information: Nicolai F. Hartmann et al, Uniaxial transition
dipole moments in semiconductor quantum rings caused by broken
rotational symmetry, Nature Communications (2019). DOI:
10.1038/s41467-019-11225-6
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