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Information on the Qualification Profiles

The European Competence Framework for Quantum Technologies (see appendix for reference) aims to map the
landscape of possible competences and skills in Quantum Technologies. It has been compiled by the QTEdu
CSA in order to facilitate the planning and design of education and training projects in Quantum Technologies.

On the following pages you will find a collection of sample qualification profiles for individuals working in
Quantum Technologies. These profiles are intended to provide examples of the competences an individual has
acquired through education or further training in preparation for employment in industry. They are not meant to
represent specific job profiles in a particular industry position — any such description would have to be much
more specific. Instead, they describe the Quantum Technology-specific competences available through
education which can best prepare an individual for a job in industry.

The qualification profiles are based on community input that was refined in several iterations. The first input
came from the Delphi study that led to the competence framework. Initial example profiles were collected
through interviews with experts from industry, academia and education. They were modified and adapted in
several discussion rounds, resulting in the present beta version.

The proficiency level indications use labels similar to the ones used in language learning: Al, A2, B1, B2, C1 and
C2. The following keywords from DigCompEdu, the Digital Competence Framework for Educators, give an idea:

Al A2
Bl B2
Cc1 c2

The first level, A1, can be reached easily, but it takes more effort to reach A2 from Al, and even more for the
transition from A2 to B1. To make the qualification profiles more readable, competences with lower proficiency
levels are greyed out. Competences not required in a profile are invisible.

There are some more specific qualification profiles (pages 4 to 7) where QT is only a small part of the
qualification. Competences from other fields like electrical engineering or computer science are not considered
in detail here.

This is a beta version. In order to update it and reflect current developments, we ask for feedback, questions,
comments, etc.

Please contact:
Rainer Miller and Franziska Greinert, f.greinert@tu-braunschweig.de

QTEdu - Coordination and Support Action for Quantum Technology Education - gtedu.eu

This framework is part of a project that has received funding from the European © European Union, 2022
Union’s Horizon 2020 research and innovation programme under grant agreement

BY

The reuse policy of European Commission documents is implemented by Com-
mission Decision 2011/833/EU of 12 December 2011 on the reuse of Commission
Cover photo: ©Siarhei - stock.adobe.com documents (OJ L 330, 14.12.2011, p. 39).

Unless otherwise noted, the reuse of this document is authorised under the Creative
Commons Attribution 4.0 International (CG-BY 4.0) licence (https://creativecom-
mons.org/licenses/by/4.0/). This means that reuse is allowed, provided appropriate
credit is given and any changes are indicated.




" This might be achieved
e.g. in a short course
of about 2 to 3 days.

General QT Awareness

Description: Such a person is aware of the general landscape of available quantum technologles They
understand key words and know where to look for further information (level Al). The basic concepts
related to use cases may have been explored in more depth (level A2).

A2 Al

Basic concepts
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Quantum Technologies

Connecting QT with A2
applications and use cases
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Quantum Technology Strategist
Description: Such a person has explored all basic quantum technologies (level A2) and at least heard
about more specific aspects, hardware and enabling technologies (level Al). Through their education
they have explored the basic concepts (level A2), heard about the physical foundations of quantum
technologies (level Al) and closely linked these to the application-oriented aspects (level B1).
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Quantum Technologies

A2

Basic concepts

Mathematical formalism

Qubit dynamics
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QUANTUM COMPUTING
AND SIMULATION a5

Quantum gates

Quantum programming
languages and tools

Quantum algorithms and
computing techniques

Quantum error correction

Quantum simulation

’ This might be achieved

e.g. in a longer course
of about 3 to 4 weeks.

QUANTUM A2
COMMUNICATION

Quantum cryptography

Quantum networks

Infrastructure for
quantum communication
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QUANTUM SENSORS

AND METROLOGY A2

Electromagnetic
field sensors

Temperature, particle
and pressure sensors

Inertial and gravity
sensing

Quantum imaging

Atomic clocks

Application fields for
quantum sensors

Sensor integration
and hybrid sensing
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Knowledge of industrial A2
processes

Connecting QT with
applications and use cases



Quantum Hardware Engineer

This might be achieved e.g.
in a combined study programme
of electrical engineering and
quantum technologies

Description: The focus is on the hardware and enablmg technologies combined W|th some practical skills
and use cases (level B1). Such a person has an overview of the current technologie areas (level A1) and
has explored in depth the concepts and physical foundations (level A2).

o
c
3
o
o
(=)}

2
[¥)
[}

[as]
[0}

=
)
Q
et
o
Q

=

[

A2

Basic concepts

Mathematical formalism

Qubit dynamics

A2
PHYSICAL FOUNDATIONS

OF QUANTUM TECHNOLOGIES N

Atomic physics as a basis for quantum technologies

Quantum optics as a basis for quantum technologies

Solid-state physics as a basis for quantum technologies

0609
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ENABLING
TECHNOLOGIES )

Optical technologies
Solid state technologies
Laboratory technologies

Experimental control
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Al
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06069

Quantum Technologies

4.4

4.5

4.6

64

HARDWARE FOR
QUANTUM COMPUTERS —~
AND SENSORS Bl

Superconducting devices
Spin-based devices
Neutral atoms and ions
Emerging qubit concepts

Photonic systems

Hardware for initialization, mani-
pulation and readout of qubits

Utilizing hardware platforms
for quantum computing

PRACTICAL AND

Al SOFT SKILLS

Practical/experimental skills

Classical programming

applications and use cases
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This might be achieved e.g.
in a combined study programme
of computer science and
quantum computing

Quantum Computing Software Engineer

Description: Such a person has expertise in classical and quantum programming (level B2). In this
context, they have explored quantum concepts and use cases (level A2), and are also aware of
hardware foundations and applications in the field of communication (level Al).

A2 Al

Basic concepts

Mathematical formalism
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Qubit dynamics

Al QUANTUM COMPUTING Al

AND SIMULATION B2

Quantum gates

Quantum programming
languages and tools

Quantum algorithms and
computing techniques

Quantum error correction

Quantum simulation

Al

Quantum Technologies

@ Classical programming B2

Connecting QT with A2
applications and use cases
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This might be achieved e.g.
in a combined study programme
of applied computer science and
quantum communication.

Quantum Communication Engineer ,

Description: Such a person has expertise in quantum communications (level B2) W|th a strong
background in optical technologies (level B1). To achieve this, they have explored quantum concepts
and optics together with some aspects of quantum computing (level A2), focusing on quantum and
classical programming and algorithms and the implications for secure communications (level B1).
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TECHNOLOGIES ) (r AND SIMULATION a5 COMMUNICATION

Optical technologies Quantum gates Quantum cryptography

|
Quantum programming
languages and tools

Quantum networks

Bl
Infrastructure for
quantum communication

Quantum algorithms and
computing techniques

Hardware for quantum

Quantum error correction s
communication

PRACTICAL AND

SOFT SKILLS A2

Practical/experimental skills

Classical programming B1
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processes

A2
Connecting QT with
applications and use cases
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7~ This might be achieved e.g.
in a combined study programme
of mechanical/electrical engineering
or similar and quantum sensor

Quantum Sensor Engineer —technologies

Description: Such a person has expertise in the field of quantum sensors and metrology (level B2). They
have explored the general concepts, associated fundamentals and basic technologies along with some
hardware aspects (level A2).

A2 A2

PHYSICAL FOUNDATIONS
OF QUANTUM TECHNOLOGIES )

Basic concepts Atomic physics as a basis for quantum technologies

Mathematical formalism Quantum optics as a basis for quantum technologies
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Qubit dynamics Solid-state physics as a basis for quantum technologies
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Optical technologies
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HARDWARE FOR
QUANTUM COMPUTERS
AND SENSORS A2

Superconducting devices

QUANTUM SENSORS
AND METROLOGY
B2

PRACTICAL AND
SOFT SKILLS A2

Electromagnetic

field sensors Practical/experimental skills

Temperature, particle

Classical programming
and pressure sensors

Spin-based devices

Quantum Technologies

Inertial and gravity

Neutral atoms and ions .
sensing

Knowledge of industrial

Emerging qubit concepts processes

Quantum imaging

Connecting QT with

Atomic clocks R
applications and use cases

Photonic systems

00 006

o
c
3
(=}
g
(=)]

4
v
18]

o
[0}

o=

-
(o
©
o

o

Application fields for
quantum sensors

Sensor integration
and hybrid sensing
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Appendix: Competence Framework for Quantum Technologies

This is the overview page of the European Competence Framework for Quantum Technologies, version 1.0 from May 2021, and the basis
for the qualification profiles.
Complete Framework and more information on qtedu.eu.

Theoretical Background

Quantum Technologies

CONCEPTS OF

PHYSICAL FOUNDATIONS

QUANTUM PHYSICS ) OF QUANTUM TECHNOLOGIES N
Basic concepts Atomic physics as a basis for quantum technologies
Mathematical formalism Quantum optics as a basis for quantum technologies
Qubit dynamics Solid-state physics as a basis for quantum technologies
- J

ENABLING QUANTUM COMPUTING QUANTUM
TECHNOLOGIES \ (r AND SIMULATION COMMUNICATION
Optical technologies Quantum gates Quantum cryptography
Solid state technologies O e[l Quantum networks

languages and tools

. Quantum algorithms and Infrastructure for

Laboratory technologies 3 ; R

computing techniques quantum communication

: ) Hardware for quantum
Experimental control Quantum error correction S
communication
Quantum simulation
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\
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HARDWARE FOR
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AND SENSORS

Superconducting devices

Spin-based devices

Neutral atoms and ions

Emerging qubit concepts

Photonic systems

Hardware for initialization, mani-
pulation and readout of qubits

Utilizing hardware platforms
for quantum computing

Beta Version (January 2022) compiled by Franziska Greinert and Rainer Mdiller
QTEdu: Coordination and support action for Quantum Technology Education of the European Quantum Technology Flagship

QUANTUM SENSORS
AND METROLOGY

Electromagnetic
field sensors

Temperature, particle
and pressure sensors

Inertial and gravity
sensing

Quantum imaging

Atomic clocks
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Application fields for
quantum sensors

Sensor integration
and hybrid sensing

PRACTICAL AND
SOFT SKILLS

Practical/experimental skills

Classical programming

Management and leadership
skills

Knowledge of industrial
processes

Connecting QT with
applications and use cases

Teaching and outreach skills

Networking and
communication skills

Research ethics, responsible
research and innovation

Intellectual property
knowledge, standardization,
certification



