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HANNOVER MESSE: Fraunhofer IOF presents quantum
technologies for computing, communication and imag-

ing

Jena / Hannover (Germany) / Online

Quantum technologies are growing. The Fraunhofer Institute for Applied Optics
and Precision Engineering IOF will present latest technologies for the future
markets of computing, communication and imaging at HANNOVER MESSE Digi-
tal Edition from April 12 to 16. Free tickets are available on request from the
institute.

Under this year’s title "Industrial Transformation”, the HANNOVER MESSE, as one of
the leading knowledge and networking platforms, once again invites visitors to marvel
at the latest technologies from the fields of industry, business and logistics. Matching
to this, Fraunhofer IOF will present a comprehensive portfolio of quantum technolo-
gies. Due to their enormous growth, they will play a key role in shaping future trans-
formation processes.

With quantum computers towards a new digital age

The quantum computer will trigger big changes for business and industry, but also for
society. Unlike a classical computer, which can only "think" in two states, zero and
one, the quantum computer makes use of quantum effects such as entangled photons.
In this way, its computing units, so-called "QuBits", can assume several states at the
same time. This allows significantly faster and more efficient work.

Fraunhofer IOF develops optical and precision mechanical components and systems for
these next-generation computers. Among other things, laser addressing units for ma-
nipulating ions and atoms as carriers of qubits were realized at the institute last year.
As part of AQTION, a project under the European Union's Quantum Flagship Program,
these addressing optics will be integrated into an ion trap at the University of Inns-
bruck, in which up to 50 ions will be arranged as qubit information carriers in a later
expansion stage.

Quantum communication for security and data sovereignty

Quantum computers will also make it necessary to rethink current communication sys-
tems. Already today, these new computers threaten our information technology securi-
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ty because of their enormous computing power. Data can now be stored and later be
encrypted with the help of more powerful computers. Therefore, new encryption tech-
nologies are needed to protect business secrets from these so-called "store now, de-
crypt later" attacks.

One such new technology is the "quantum key distribution" (QKD). Researching QKD
is the main objective of "QUNET", a research initiative of the German Federal Ministry
of Education and Research (BMBF). Within this project, Fraunhofer IOF is, together with
other research partners, creating the basis for secure and robust IT networks based on
guantum technologies. Researchers from the institute will also be providing infor-
mation about "QUNET" at the BMBF's stand at the HANNOVER MESSE.

A key technical component for state-of-the-art quantum communication is a stable
source for generating entangled photon pairs that can be easily integrated into existing
systems. An "Entangled Photon Source" (EPS) has been developed at Fraunhofer IOF in
recent years. It is designed for use in space and allows secure quantum communication
via satellite network. The light source presented at the HANNOVER MESSE is repre-
sentative of a series of highly specialized quantum sources adapted to the requirements
of various application scenarios. They are being developed as part of the newly estab-
lished network at Fraunhofer IOF for applied photonic quantum technologies.

Quantum key exchange by means of free beam and adaptive optics

To be universally applicable, scientific teams are working within the framework of
"QuUNET" to realize quantum communication over different distances. In Jena, optical
free-beam systems are being researched for this purpose. A special telescope platform
is currently being tested, which allows a free-beam link to be established between two
communication partners in a short time. The core of the system is an efficient metal
mirror telescope in combination with active beam stabilization. This makes it possible to
establish links within cities with distances of several hundred meters or several kilome-
ters.

In addition, free-beam systems must be able to traverse the turbulent atmosphere
without causing interference to the signal. Such disturbances can be corrected by
adaptive optics. Researchers at Fraunhofer IOF have developed adaptive optical mod-
ules - also known as "AO boxes" - for this purpose. An AO box, which can be used in
an optical ground station or telescope, corrects turbulence-induced wavefront errors or
compensates them preventively. The signal can then be measured or transmitted to a
fiber network.

Quantum imaging endorse new possibilities in biomedicine
Quantum technologies not only allow us to rethink the world on a large scale. On the

contrary: even what lies hidden in the small becomes visible through the latest quan-
tum technologies. This is of particular benefit to biomedicine and diagnostics: An imag-
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ing system developed at Fraunhofer IOF based on "quantum light" makes it possible to
spectrally separate the illumination of a sample and the detection on the camera. This
means that different wavelengths can be used for the exposure of a sample and the
readout on the sensor. In this way, new spectral ranges can be made accessible for
analysis. At the same time, the efficiency of the detection systems can be increased and
the beam load for tissue images reduced.

Our livestream at HANNOVER MESSE

This year, the HANNOVER MESSE offers a diverse range of livestreams. Visitors will find
interesting interviews, panels, and discussions. At the joint stand of Fraunhofer-
Gesellschaft, the Fraunhofer IOF will also provide comprehensive information about
guantum research in Jena:

April 13, 10:30 to 11:00 a.m.

"Quantum technologies and their application potentials for industry and economy"
Talk with Prof. Dr. Andreas TUnnermann, director of the Fraunhofer IOF as well as
spokesman of the strategic Fraunhofer research field "Quantum Technologies" and Dr.
Falk Eilenberger, quantum researcher at the Center of Excellence in Photonics.

HANNOVER MESSE Digital Edition will take place from April 12 to 16, 2021, from 6:00
a.m. to 8:00 p.m. (CET) daily. The Fraunhofer IOF is awarding free tickets. If you are
interested, please contact Katja Szafranski (Mail: Katja.Szafranski@iof.fraunhofer.de,
Phone: +49 3641 807-264).

About Fraunhofer IOF

Light is a versatile tool. Due to its diverse applications as well as excellent properties as
an electromagnetic wave and as a light particle, it is a key technology for future chal-
lenges of the modern world.

With this in mind, the Fraunhofer Institute for Applied Optics and Precision Engineering
IOF, based in Jena, Germany, conducts research into the development of light as a
means of solving a wide variety of problems and application scenarios. The work of the
institute, founded in 1992, focuses on application-oriented research into light genera-
tion, light guidance and light measurement.

The interdisciplinary pooling of the institute's own expertise in the fields of optics and
precision engineering allows Fraunhofer IOF and its cooperating partner organizations
to develop complex and unique photonic components and systems. Together with
researchers from basic research and industry, innovative solutions are created that rep-
resent a technological advantage in science and industry and open up new fields of
application for photonics.
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Fig. 1: Fraunhofer IOF researches components for next generation quantum computers.
Within the framework of AQTION, for example, laser-based addressing units for manipulating ions
and atoms were developed. (Copyright: Fraunhofer I0OF)

Fig. 2: A source for the generation of entangled photons allows, among other things, secure
quantum communication via satellite network. (Copyright: Fraunhofer IOF)
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Fig. 3: An AO box is an adaptive optical module. It can correct wavefronts which are disturbed by turbulent
disturbed by turbulent atmospheres during free beam transmission. (Copyright: Fraunhofer IOF)
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Fig. 4: A shadow-free metal mirror telescope developed at Fraunhofer IOF enables short-term free-beam
transmission between two communication partners. This makes quantum communication within cities
possible. (Copyright: Fraunhofer I0F)
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Fig. 5: New methods for quantum-based imaging make it possible to use different wavelengths for exposing
a sample and reading it out at the sensor. In this way, radiation exposure can be reduced.
(Copyright: Fraunhofer I10F)

The Fraunhofer-Gesellschaft, headquartered in Germany, is the world’s leading applied research organization. With its focus on develop-
ing key technologies that are vital for the future and enabling the commercial exploitation of this work by business and industry, Fraunho-
fer plays a central role in the innovation process. As a pioneer and catalyst for groundbreaking developments and scientific excellence,
Fraunhofer helps shape society now and in the future. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 74 institutes and
research institutions throughout Germany. The majority of the organization’s 28,000 employees are qualified scientists and engineers, who
work with an annual research budget of 2.8 billion euros. Of this sum, 2.3 billion euros is generated through contract research.



