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I. Welcome by the BOS.QT Steering
Committee and Faculty

The Berlin School of Optical Sciences and
Quantum Technologies (BOS.QT) was
founded by the Physics Institutes and De-
partments of the Technische Universitat
Berlin (TU Berlin), Freie Universitat Berlin
(FU Berlin) and Humboldt-Universitat zu
Berlin (HU Berlin) in cooperation with re-
nowed Berlin research institutes of the
Leibniz Association, the German Aero-
space Center, the Fraunhofer and
Max-Planck-Society.

Embedded in this exciting research land-
scape BOS.QT, being also part of the
Berlin University Alliance (BUA), offers ex-
ceptional research conditions in funda-
mental and applied sciences in a highly in-
novative and future-oriented field.

As one of the main characteristics BOS.QT
PhD students participate in a structured
PhD program that can be individually de-
signed around the actual research project.

Your

BOS.QT Steering Committee on behalf of
the Faculty,

Prof. Dr. Ulrike Woggon (TU Berlin,
Chairperson)

Prof. Dr. Kurt Busch (HU Berlin, MBI)

Prof. Dr. Jens Eisert (FU Berlin)

Prof. Dr. Thomas Elsasser (HU Berlin, MBI)

This brochure will provide you with more
detailed information on the BOS.QT mis-
sion, key research areas and doctorate
program such as its supervision concept.

Not only our statistical data but the expe-
rience of our BOS.QT faculty members
from Principal Investigators to PhD stu-
dents who have just started or are already
alumni will give you a closer look on their
research, challenges, objectives and how
they approach them.

Our BOS.QT community within the city of
Berlin is connected to an international
network of expertise and just about to
grow, generating cutting edge research.

We would very much like to welcome you
to join the Berlin School of Optical Scien-
ces and Quantum Technologies network .
and wish you a pleasant reading.

Jun. Prof. Dr. Janik Wolters (TU Berlin, DLR,
ECDF)

PhD spokespersons
Laura Orphal-Kobin (HU Berlin)
Lucas Rickert (TU Berlin)

and Coordination Office
Anja Meyer (M.A.)




I1. BOS.QT PhD Program

Mission

The Berlin School of Optical Sciences and Quantum Technologies (BOS.QT)
aims to provide young researchers with fascinating science and creative
leeway to initiate unusual scientific questions, enable original solutions and
to acquire skills beyond scientific education within the areas of optical

sciences, photonics and quantum technologies at Berlin's allied universities:

Technische Universitat Berlin (TU Berlin), Freie Universitat Berlin (FU Berlin)
and Humboldt-Universitat zu Berlin (HU Berlin) in partnership with the
Max-Born-Institute for Nonlinear Optics and Short Pulse Spectroscopy (MBI)
and the Ferdinand-Braun-Instutute (FBH) of the Leibniz Association, the
Fraunhofer Institute for Telecommunications (Heinrich Hertz Institute HHI),
the Fritz-Haber-Institute of the Max-Planck-Society (FHI), the German Aero-
space Center (DLR) and the Einstein Center for Digital Future (ECDF).

In addition, we are cooperating with the Berlin University Alliance (BUA).

Main research areas

Nonlinear light-matter interactions and
ultrafast dynamics:

Elementary excitations of matter up to the nonpertubative regime,
nonlinear charge transport, quantum coherences and optical con-
trol, atto- and femtosecond processes and spectroscopy, ultrafast
dynamics and structural analysis with X-rays.

Quantum optics and quantum devices:

Ultracold quantum gases, fluctuation-induced phenomena,
precision elements on fundamental physical quantities, single
photon sources, heterogene quantum systems, quantum
communication and quantum networks.

Nanophotonics and photonic systems:

Nanophotonics, nanoprobes and nanoplasmonics, 2D-quantum
materials, hybrid systems, microresonators, and photonic crystals,
topological photonics, optoelectronic devices and photonic
systems.

Light sources and detector technologies:

Lasers and light sources in the range from terahertz to hard X-rays,

advanced detector technologies including components for space
experiments, Fourier-Transform (FT)-signal analysis, X-ray imaging.
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The BOS.QT concept of supervision
provides for a tandem of supervision
and mentoring by BOS.QT faculty
members.

The tandem consists of:

A supervisor to assist in scientific,
administrative and technical issues
and

a mentor as a supplementary scientific
and content-related advisory support
to give advice regarding career per-
spectives and inspirations from anoth-
er perspective.

Study Program

The BOS.QT structured PhD study program complements the individual PhD
research project. BOS.QT PhD students have the option to individually
design their schedule.

The elements to choose are in between:

A compulsory monthly PhD seminar organized by the PhD students on their
own responsability and a variety of further activities out of the formats:

Fundamental courses, PhD compact courses, Advanced lectures and
Transferrable skills (See BOS.QT Regulations).

All BOS.QT courses are designed to be conducted in English.

Joint Events and an annual BOS.QT Retreat are additional offers to network
and further strengthen the exchange within the scientific community.
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Prof. Dr. Stephan Reitzenstein
TU Berlin

“l like to give students the freedom to try out on
their own ideas and arouse their curiosity in
order to explore new scientific paths together.”

Research Topics:

Quantum Nanophotonics,

3D Nanoprocessing, Opto-
electronics & Quantum Devices,
Quantum Communication
Systems

Why choose the BOS.QT?

PhD students learn about cur-
rent topics and technologies in
optics and quantum photonics
and have the networking and in-
formation exchange with

other doctoral students working
on similar topics in photonics.

The most exciting part of my research:

To combine principles of quantum mechanics and nano-
photonic device processing for implementing quantum
communication networks & quantum computation sys-
tems.

What's next?:

My ultimate research goal is to develop fully functional
onchip photonic quantum processors in a scalable nano-
photonics platform using semiconductor quantum dots
as single-photon emitters.

The next step in quantum technology is to develop mod-
ular, fiber-coupled quantum devices that can be used to
implement large quantum networks.

Prof. Dr. Christiane Koch
FU Berlin

“Despite 100+ years of history,
quantum mechanics continues to fascinate
with new surprises.”

Research Topics:

Quantum Control in AMO Phys-
ics and Quantum Information
Science,

Cold Matter, Ultrafast Science,
Chiral Molecules

Why choose the BOS.QT?

It is a network of fellow students
beyond the individual research
group for learning from each
other - and even more impor-
tantly - sharing the experience
of what it means to be a PhD stu-
dent.

The most exciting part of my research:

The challenge of manipulating nature at the quantum
level has an enormous potential for advancing our basic
understanding of physical processes as well as for prac-
tical applications. We have only just begun to explore
opportunities offered by quantum control.

What's next?:

| would like to understand how much control is attaina-
ble for open quantum systems and identify general
design principles for quantum control in AMO physics
and quantum information science. We need to find ways
to scale up the size of quantum devices despite a limited
amount of external controls.

Prof. Dr. Oliver Benson
HU Berlin

“An experiment is a direct question to nature.
Sometimes she answers differently than we
thought. For me it is one of the most exciting
moments in physics. If we then have the cour-
age to give up our old ideas, we gain a deeper
understanding of our world.”

Research Topics:

Quantum Optcis and Nanooptics
with Atoms, Molecules, and Sol-
id-State Systems, Optics of
Single Excitations, Quantum In-
formation, Quantum Enhanced
Sensing

Why choose BOS.QT?

Fresh ideas arise from discus-
sions with others. Students have
the opportunity to interact, to
think outside the box, and to ac-
quire skills that go beyond
purely scientific specialist knowl-
edge.

The most exciting part of my research:

Seeing with relatively manageable, sometimes even
rather simple experimental setups how our classical
view of the world is completely wrong. And then to be
impressed with how accurately quantum physics de-
scribes the real world.

What's next?:

We want to gain control over ever larger quantum
states. In a bottum-up approach, we hope to investigate
fundamental phenomena in the field of mesoscopic
quantum physics and to propose them for novel
applications.




Jun. Prof. Dr. Janik Wolters
TU Berlin,
DLR and ECDF*

“We will generate new knowledge by
combining the ideas of our predecessors
with our own creativity. ”

Research Topics:

Quantum Communications,
Physical Foundations of IT
Security, Optical Postdigital
Computers

Why choose the BOS.QT?

To take a look beyond the ends
of the own nose and to be part
of the strong community in opti-
cal research in Berlin.

L]
The most exciting part of my research:

Our main research interest is in fundamental methods
and technologies as well as for applications for optical
quantum technologies. The most exciting part of it is the
chance to combine knowledge from various research
fields for bringing ultimate quantum security and
post-digital computers closer to reality.

What's next?:

Our ultimate research goal is to demonstrate working
compound quantum systems that outperform their indi-
vidual constituents for scalable (quantum) information
processing. Our next step in quantum technology is to
develop efficient and modular quantum memories that
can be used to demonstrate quantum repeater net-
works. ®

Dr. Anna Pappa
Emmy Noether junior Group
Leader at TU Berlin

“What drives my research is posing
interesting conceptual problems and solving
them using novel approaches and ideas. "

Research Topics:

Quantum Communications
and Cryptography,
Theoretical Computer
Science

Why choose the BOS.QT?

To have a choice of a second ad-
visor within the school provides
students with an excellent op-
portunity to gain knowledge
from complementary fields, col-
laborate with other research
groups and to obtain a broad
view of quantum technologies.

The most exciting part of my research:

| am specifically working on protocol security for future
quantum networks, ranging from the well-known key
distribution setting to more general multiparty proto-
cols. | am also interested in routing and verification of
guantum resources.

What's next?:

Itis a field that is still in its (relative) infancy, and there-
fore a lot of open questions remain unanswered. In a
nutshell to discover use cases where quantum advan-
tage can be meaningfully exploited. Therefore, it is es-
sential to collaborate with experimental groups to imple-
ment quantum communication protocols using optical
setups.

__—

Dr. Tim Schréder
Group Leader at HU Berlin

“ Science is a collaborative effort - as a team
we develop ideas and put them into action.”

*DLR: Deutsches Zentrum flr Luft- und Raumfahrttechnik,

German Aerospace Center

Research Topics:

Integrated Quantum
Photonics,

Quantum Information
Processing

Why choose the BOS.QT?

BOS.QT brings together excel-
lent students from different re-
search areas to stimulate each
other, to think outside the box,
and to build personal science
networks.

The most exciting part of my research:

Optical solid-state quantum physics and technology —

we investigate fundamental qiantum optics phenome-
na and aim to develop optical quantum communication
and quantum information processing systems.

What's next?:
Our ultimate goal is to contribute to an optical quantum

processor — one of the many future applications of
quantum technology.




Luisa Esguerra Rodriguez
PhD student 2nd year

Research topics:

Quantum communication and quantum
information processing

“I like to take part in interesting and meaningful research to contribute to the
further development of quantum technologies and | enjoy working together
with different people in and outside the field to keep expanding our knowl-
edge and understanding. | also enjoy taking part in outreach activities in
order to bring quantum technologies closer to external people.”

Why did you decide to do your doctorate at the Berlin School of Optics
and Quantum Technologies?

BOS.QT combines a wide range of academic excellence from all three universi-
ties and other research institutes in Berlin and is great for early networking.
Furthermore, its curriculum gives exceptional opportunities to improve on a
scientific level as well as for soft skills. The large number of contributing junior
researchers gives ample possibilities to learn how to start an academic career.
(Lucas Rickert)

The BOS.QT is an excellent chance of connecting to related fields, research in-
stitutions in Berlin and, most importantly, kindred spirits working on the mel-
ange of optics and quantum technologies. The network with its resources,
training opportunities and active support shows to be an inspiring habitat for
scientific as well as for personal growth.

(Daniel Reiche)

Dr. Daniel Reiche
BOS.QT Alumnus

Research topics:

Quantum optical fluctuation-induced phenomena,
statistical physics, quantum field theory, solid-state
and material physics

i1
The ambition is and always was, to interact with inspiring people and to join
the endevour of learning from nature.”

What is the most exciting part of your research?

| am researching in the field of quantum communication and quantum informa-
tion processing and we are currently working on improving quantum memories
for the use in future quantum repeaters based on satellites. It is very exciting to
take part in the research that will lead to a revolution in our way of understand-
ing communication and computation.

(Luisa Esguerra Rodriguez)

Together with Kurt Busch and Francesco Intravaia we explore the quantum opti-
cal fluctuation induced phenomena in both equilibrium and nonequlibrium situ-
ations. Always aiming for experimental realizations of our theoretical predic-
tions, we develop novel analytical as well as numerical methods at the interface
of various physical disciplines - ranging from statistical physics, over quantum
field theory, all the way down to solid-state and material physics. It is most excit-
ing how the laws of nature substantially change at smaller and smaller lenghts
scales way beyond the limitations of the intuitive thinking. For example, the ef-
fects we are investigating make it possible for geckos and beetles to walk on
walls.

(ERIENETES)




Lucas Rickert
PhD student 3rd year

Research topics:

Modularized quantum key distribution systems for secure
communication immune to eavesdropping

i1
Quantum Technologies are emerging already now and the gap between funda-
mental research and application becomes smaller. | want to be part of this ex-
citing development. A major catalyst will be more reliable, robust experimental
systems and technologies, which are less dependant on highly spezialized lab

equipment and staff to use them. The development of such modularized com-
ponents for quantum communication is a major part of my PhD.”

What do you like about Berlin and its vibrant research landscape?

It is a great benefit for my PhD research project to have a graduate school com-
bining the excellency of several universities and other top notch research insti-
tutes across the German capital.

(Lucas Rickert)

Berlin offers excellent scientific infrastructure: Three universities with many
quantum optics groups, a lot of research institutes, companies focusing on
qguantum optics applications and many start-ups.

It is an outstanding place for music, art, culture and diversity. | have a deep con-
nection with Berlin- It's my hometown!

(Laura Orphal-Kobin)

Laura Orphal-Kobin
PhD student 2nd year

Research topics:

Experimental solid-state quantum optics, quantum
control: NV defect centers in diamond for quantum
information processing applications

'
My ambition is the curiosity and the joy of learning and figuring things out
which implies searching for questions an anwers of fundamental problems. |
am keen to explore new frontiers and investigate phenomena and processes
in-depths while also contributing to new insights in the larger context of sci-
ence and technology.”

Where do you see your future after completing your studies at BOS.QT?

My research area holds the potential to revolutionize areas including computa-
tion, communication and metrology. Therefore, | could see myself in a dynamic
working environment focusing on the development of quantum technologies,
e.g., in science or in a young company. Through the BOS.QT network | will be
connected to key persons in the area and informed on career perspectives na-
tional and internationally wide.

(Laura Orphal-Kobin)

| could see myself going abroad for a PostDoc for a while and see where it takes
me. | would fancy working for new companies in the growing field of quantum
technologies as well as communicating science to bring our research closer to
the public and the relevant stakeholders. Additionaly, | want to motivate more
girls and women to study scientific careers.

(Luisa Esguerra Rodriguez)
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BOS.QT Steering Commitee:
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Prof. Dr. Thomas Elsasser

(TU Berlin)

(HU Berlin, MBI)
(FU Berlin)
(HU Berlin, MBI)
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Markus Wagner
Ulrike Woggon
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Dr{Anna Pappa
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V. BOS.QT Locations

Berlin School of
Optical Sciences &

Quantum Technologies

Freie Universitat Berlin

Humboldt Universitat zu Berlin
and Campus Adlershof

Technische Universitat Berlin

Einstein Center Digital Future-
ECDF

Freie Universi

Ferdinand-Braun-Institut,
Leibniz-Institut fur Hochstfrequenz-

technik- FBH

Zi Fraunhofer

Fraunhofer Heinrich Hertz Institut- e Hez st

Fraunhofer HHI

Fritz Haber Institute of the Max
Planck Society- FHI

German Aerospace Center
Deutsches Zentrum fir Luft- und Raumfahrt - DLR

Max-Born-Institut - MBI
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