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Lecture area - Darmstadt

Module Description

Module name

Introduction to Particle Accelerator Science: Particle Dynamics and Fields (Darmstadt)
Module no.
18-bf-2011

Credit Points
6 CP

Workload
180 h

Self-study
120 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. Oliver Boine-Frankenheim

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

18-bf-2011-ue Particle Dynamics and Fields:
Practice

0 Exercise 2

18-bf-2011-vl Particle Dynamics and Fields:
Lecture

0 Lecture 2

2 Study Content

 Electromagnetic fields in accelerator components

 Linear and nonlinear particle dynamics

 Collective effects and beam intensity limits

 Special topics in accelerator physics

3 Learning Outcomes
Students will understand basic and advanced models of electromagnetic field and beam
dynamics, including self-consistent models with collective forces. The main mechanisms leading
to beam quality degradation and beam intensity limits can be applied to modern particle
accelerators. Selected examples of more novel acceleration mechanisms and related beam
dynamics in very compact accelerator structures or media will be understood.

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:
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  Module Examination (Technical Examination, oral / written Examination, Duration 120
min, Standard)

The examination takes place in form of a written exam (duration: 120 minutes). If one can
estimate that less than 20 students register, the examination will be an oral examination
(duration: 30 min.). The type of examination will be announced in the beginning of the lecture.

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination, Weight:
100%, Standard)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences – Compulsory module Darmstadt
M.Sc. Physik
M.Sc. Physics

9 Literature
S.Y. Lee, Accelerator physics, World Scientific (2021), https://doi.org/10.1142/11111
A.Wolski, Beam dynamics in high energy particle accelerators, Imperial College Press (2014)
K.Y. Ng, Physics of intensity dependent beam instabilities, World Scientific (2006)

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Lecture area - Frankfurt

Module Description

Module name

Introduction to Particle Accelerator Science: Systems and applications (Frankfurt)
Module no.
05-fm-2601

Credit Points
6 CP

Workload
180 h

Self-study
120 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. Holger Podlech

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-fm-2601-vl Introduction to Particle
Accelerator Science: Systems
and Applications

0 Lecture 3

05-fm-2601-ue Introduction to Particle
Accelerator Science: Systems
and Applications

0 Exercise 1

2 Study Content
 Introduction: Historical overview, fundamental beam optics, cryogenics and vacuum
 Basic concepts of beam dynamics
 Particle sources: electron sources, ion sources, low-energy beam transport
 Magnets: normal and superconducting magnets
 RF for accelerators: concepts, measurement techniques, RF sources, accelerating structures,

fundamentals of RF superconductivity
 Beam diagnostics: current and profile measurements, transverse and longitudinal diagnostics
 Applications: radiation sources (synchrotron, undulators, FELs), industrial (implantation and

irradiation), medical (radioisotopes, cancer therapy), fundamental research
 Selected aspects of accelerator science, application, and operation, e.g., alignment, controls,

innovative acceleration mechanisms
 Selected topics are exemplified on current ion accelerators, e.g., ion sources, RFQs, ring

accelerators and high-intensity applications.
 Concepts are addressed with regard to current and local infrastructures, such as MAMI,

UNILAC, and FRANZ (Linacs), MESA and S-DALINAC (ERLs), and SIS/FAIR and LHC
(synchrotrons).

3 Learning Outcomes
Upon successful completion of this course, students will have acquired an understanding of the
components and underlying physical principles of modern particle accelerators and selected
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applications, such as radiation sources. This concerns in particular the layout of pivotal
components such as magnetic structures and radiofrequency-systems.
They acquired skills in understanding and applying the mathematical framework of accelerator
science with respect to analytical and numerical methods.
They are qualified for M.Sc.-level thesis projects within accelerator science.

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination, Standard)

Final Module Examination: Oral examination 30 min, from 10 participants a written examination
of 90 min can be given. The form of examination will be announced in the first two weeks of the
course.

6 Requirements on the Award of Credit Points
Passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Written Exam, Weight: 100%, Standard)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences – Compulsory elective module Frankfurt

9 Literature
to be specified by the professor
 e.g.:
Wangler – Linear accelerators

10 Comment
Examinations and courses offered by Goethe University are subject to the Framework
Regulations for Tiered and Modularized Degree Programmes at Johann Wolfgang Goethe
University Frankfurt am Main dated 30 April 2014 in the version dated 15 July 2020 (hereinafter
referred to as RO Goethe University).
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf

https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf
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Module Description

Module name

Linear Accelerators (Frankfurt)
Module no.
05-fm-2608

Credit Points
6 CP

Workload
180 h

Self-study
150 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. Holger Podlech

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-fm-2608-vl Linear Accelerators 0 Lecture 3

05-fm-2608-ue Linear Accelerators 0 Exercise 1

2 Study Content
 Interaction of charged particles with external fields
 Transverse and longitudinal focusing
 Electron and ion sources
 Separation techniques behind ion sources
 Beam transport elements
 RF parameter (surface resistance, Q-value, impedance, power losses)
 Radio-Frequency Quadrupoles (RFQ)
 Drift tube structures (room temperature and superconducting)
 RF cell coupling
 Fundamental cavity measurements
 RF power coupling, power coupler
 overview of multicellular resonators, high-frequency physics fundamentals, beam load,

Liouville's
 Applications of Linacs

3 Learning Outcomes
 Students know all the key concepts and technical terms and understand their context.
 Students can classify research-related problems thematically and analyze them using the

methods taught.
 Students can research further information on a given issue in specialist literature and on the

Internet.
 Students can understand and reproduce current scientific publications.
 Students have the experimental or theoretical tools to quantitatively investigate and answer a

given scientific question themselves.

4 Requirements for Participation
none
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5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination, Standard)

Final Module Examination: Oral examination 30 min, from 10 participants a written examination
of 90 min can be given. The form of examination will be announced in the first two weeks of the
course.

6 Requirements on the Award of Credit Points
Passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Written Exam, Weight: 100%, Standard)

8 Usability of the Module
M.Sc. Particle Accelerator Science – Compulsory elective module Frankfurt

9 Literature
to be specified by the professor
 e.g.:
Wangler – Linear accelerators

10 Comment
Examinations and courses offered by Goethe University are subject to the Framework
Regulations for Tiered and Modularized Degree Programmes at Johann Wolfgang Goethe
University Frankfurt am Main dated 30 April 2014 in the version dated 15 July 2020 (hereinafter
referred to as RO Goethe University).
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf

https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf
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Lecture area – Mainz

Module Description

Module name

Introduction to Particle Accelerator Science: Systems and applications (Mainz))
Module no.
05-mz-
2603

Credit Points
6 CP

Workload
180 h

Self-study
138 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Kurt Aulenbacher

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-mz-2603 -
vl

Introduction to Particle
Accelerator Science: Systems
and Applications

0 Lecture 3

05-mz-2603 -
ue

Introduction to Particle
Accelerator Science: Systems
and Applications

0 Exercise 1

2 Study Content
 Introduction: Historical overview, fundamental beam optics, concepts of linear and

recirculating accelerators
 Particle sources: electron sources, ion sources, low-energy beam transport
 Magnets: normal and superconducting magnets
 RF for accelerators: concepts, measurement techniques, sources, accelerating structures,

fundamentals of RF superconductivity
 Beam diagnostics: current and profile measurements, transverse and longitudinal diagnostics
 Applications: radiation sources (synchrotron, undulators, FELs), industrial (implantation and

irradiation), medical (radioisotopes, cancer therapy)
 Selected aspects of accelerator science, application, and operation, e.g., alignment, controls,

innovative acceleration mechanisms
 Selected topics are exemplified on current electron accelerators, e.g., electron sources,

polarization, recirculating linacs and energy-recovery linacs.
 Concepts are addressed with regard to current and local infrastructures, such as MAMI,

UNILAC, and FRANZ (Linacs), MESA and S-DALINAC (ERLs), and SIS/FAIR and LHC
(synchrotrons).

3 Learning Outcomes
Upon successful completion of this course, students will have acquired an understanding of the
components and underlying physical principles of modern particle accelerators and selected
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applications, such as radiation sources. This concerns in particular the layout of pivotal
components such as magnetic structures and radiofrequency-systems.
They acquired skills in understanding and applying the mathematical framework of accelerator
science with respect to analytical and numerical methods.
They are qualified for M.Sc.-level thesis projects within accelerator science.

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, oral Examination, Duration 30 min,
Standard)

6 Requirements on the Award of Credit Points
Passed examination

Active participation in the form of working on exercises and/or projects (according to the
regulations of the University of Mainz: § 5 Abs. 3 und 5 https://download.uni-
mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf)

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Oral Exam, Weight: 100%, Standard)

8 Usability of the Module
M.Sc. Particle Accelerator Science – Compulsory elective module Mainz

9 Literature
to be specified by the professor
 e.g.:
Will: Physik der Teilchenbeschleuniger und Synchrotronstrahlungsquellen
Wangler – Linear accelerators
Buckel-Kleinert – Supercondunctivity

10 Comment
For examinations and courses offered by JGU, the regulations of Faculty 08 of Johannes
Gutenberg University Mainz for examinations in the Master's degree program in Physics of April
20, 2012 (StAnz. p. 1040 - hereinafter referred to as PO Physik JGU) apply in their current
version.
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf

https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
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Module Description

Module name

Superconductivity in particle accelerators (Mainz)
Module no.
05-mz-
2609

Credit Points
6 CP

Workload
180 h

Self-study
138 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Florian Hug

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-mz-2609-vl Superconductivity in particle
accelerators

0 Lecture 3

05-mz-2609-
ue

Superconductivity in particle
accelerators

0 Exercise 1

2 Study Content
 Introduction: Historical overview of cryogenics and superconductivity
 Superconducting theory: phenomenology (zero resistance, type I and II superconductors,

Meißner-Ochsenfeld-effect, critical parameters), London-, BCS-, and Ginzburg-Landau-
theories of superconductivity

 Superconducting RF-systems: RF basics, normal and superconducting cavities, behavior of
real SRF cavities (degrading, limits of materials and particulate contamination prevention),
production steps of SRF cavities and surface preparation (chemistry, HPR, heat procedures),
auxiliary systems (LLRF, cleanroom facilities)

 Superconducting magnets: magnets basics, magnets built from air-coils, superconducting
cables, quenching, training

 Cryogenics: thermodynamics basics, entropy, enthalpy, Joule-Thomson-process, Helium
liquefaction and cryoplants, basics of cryogenic engineering (heat shielding, heat conduction,
losses, cooling of magnets and cavities, cryostat design)

3 Learning Outcomes
Upon successful completion of this course, students will have acquired an understanding of basic
theories on superconductivity (London, BCS, Ginzburg-Landau) and their application to
superconducting accelerator components like cavities and magnets. Additionally, the components
and underlying physical principles of cryogenics are acquired. Successful candidates achieve
understanding of the working principle and application of cryoplants and basic knowledge on
cryogenic engineering.
They are qualified for M.Sc.-level thesis projects within accelerator science, in particular on
superconducting systems or cryogenics.
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4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

 Module Examination (Technical Examination, oral Examination, Duration 30 min, Standard)

6 Requirements on the Award of Credit Points
Passed examination

Active participation in the form of working on exercises and/or projects (according to the
regulations of the University of Mainz: § 5 Abs. 3 und 5 https://download.uni-
mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf)

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Oral Exam, Weight: 100%, Standard)

8 Usability of the Module
M.Sc. Particle Accelerator Science – Compulsory elective module Mainz

9 Literature
to be specified by the professor
 e.g.:
W. Buckel & R. Kleiner – Superconductivity
S. Blundell, Superconductivity - A Very Short Introduction
H. Padamsee, J. Knobloch & T. Hays, RF Superconductivity for Accelerators
H. Padamsee, RF Superconductivity: Science, Technology, and Applications
J.G. Weisend, The Handbook Of Cryogenic Engineering

10 Comment
For examinations and courses offered by JGU, the regulations of Faculty 08 of Johannes
Gutenberg University Mainz for examinations in the Master's degree program in Physics of April
20, 2012 (StAnz. p. 1040 - hereinafter referred to as PO Physik JGU) apply in their current
version.
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf

https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
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Module Description

Module name

Spin Physics with Accelerators (Mainz)
Module no.
05-mz-
2610

Credit Points
6 CP

Workload
180 h

Self-study
138 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Kurt Aulenbacher

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-mz-2610-vl Spin Physics with Accelerators 0 Lecture 3

05-mz-2610-
ue

Spin Physics with Accelerators 0 Exercise 1

2 Study Content
 Spin-polarized ensembles, density matrix, Dirac equation, spin precession in the lab frame

(Thomas BMT equation), single pass spin rotators, Siberian snakes,
 intrinsic and imperfection resonances in storage rings, Sokolov-Ternov effect, spin-stable

solutions, depolarization by synchrotron radiation, spin equilibrium,
 spin-polarized sources, spin-sensitive observables (analyzing powers), polarimetry,
 parity-violating observables, parity-violation experiments at accelerators, double polarization

experiments with polarized targets at collider facilities.
 Selected topics are exemplified on current electron accelerators, e.g., electron sources,

polarization, recirculating linacs and energy-recovery linacs.

3 Learning Outcomes
Upon successful completion of this course, student will
understand spin-polarized ensembles and their behavior under the condition of relativistic
motion in macroscopic external fields
be able to describe and solve problems related to the spin dynamics in spin rotators, recirculating
linear accelerators, and synchrotron storage rings
know typical spin-sensitive experiments at accelerators based on the interaction of electron spins
with microscopic fields.
be able to describe experimental techniques such as polarized sources and polarimeters.
They are qualified for M.Sc.-level thesis projects within accelerator science.

4 Requirements for Participation
none



15

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination, Standard)

Final Module Examination: Oral examination 30 min, from 10 participants a written examination
of 90 min can be given. The form of examination will be announced in the first two weeks of the
course.

6 Requirements on the Award of Credit Points
Passed examination

Active participation in the form of working on exercises and/or projects (according to the
regulations of the University of Mainz: § 5 Abs. 3 und 5 https://download.uni-
mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf)

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Written Exam, Weight: 100%, Standard)

8 Usability of the Module
M.Sc. Particle Accelerator Science – Compulsory elective module Mainz

9 Literature
to be specified by the professor
 e.g.:
Will: Physik der Teilchenbeschleuniger und Synchrotronstrahlungsquellen
Wangler – Linear accelerators
Buckel-Kleinert – Supercondunctivity

10 Comment
For examinations and courses offered by JGU, the regulations of Faculty 08 of Johannes
Gutenberg University Mainz for examinations in the Master's degree program in Physics of April
20, 2012 (StAnz. p. 1040 - hereinafter referred to as PO Physik JGU) apply in their current
version.
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf

https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
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Module Description

Module name

Medical Applications of particle accelerators (Mainz)
Module no.
05-mz-
2611

Credit Points
6 CP

Workload
180 h

Self-study
138 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Kurt Aulenbacher

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-mz-2611 -
vl

Medical Applications of particle
accelerators

0 Lecture 3

05-mz-2611 -
ue

Medical Applications of particle
accelerators

0 Exercise 1

2 Study Content
 Radiation and its interaction with the human body and tumor therapy

o Electromagnetic spectrum
o Ionizing radiation
o Production of high-energy charged-particle and gamma-rays with particle accelerator
o Interaction of ionizing radiation with the human body (normal vs. tumor)
o Radiation detection and measurement
o Radiation safety
o Nuclear medicine and therapy

 Diagnostics
o Fundamentals of Fourier and Radon transformation
o X-ray diagnostics
o Computer tomography
o Magnetic resonance imaging and spectroscopy
o Scintigraphy (SPECT & PET)
o Sonography

3 Learning Outcomes
Upon successful completion of this course, student will
understand interaction mechanisms of charged particles and gamma rays with the human body,
its relevance for health and impact on cells
know about the production of charged-particle and gamma-ray beams for therapy
understand diagnostics tools and associated measurement techniques
They are qualified for M.Sc.-level thesis projects within accelerator science.

4 Requirements for Participation
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none

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, oral Examination, Duration 30 min,
Standard)

6 Requirements on the Award of Credit Points
Passed examination

Active participation in the form of working on exercises and/or projects (according to the
regulations of the University of Mainz: § 5 Abs. 3 und 5 https://download.uni-
mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf)

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, oral Exam, Weight: 100%, Standard)

8 Usability of the Module
M.Sc. Particle Accelerator Science – Compulsory elective module Mainz

9 Literature
to be specified by the professor
 e.g.:
Will: Physik der Teilchenbeschleuniger und Synchrotronstrahlungsquellen
Wangler – Linear accelerators
Buckel-Kleinert – Supercondunctivity

10 Comment
For examinations and courses offered by JGU, the regulations of Faculty 08 of Johannes
Gutenberg University Mainz for examinations in the Master's degree program in Physics of April
20, 2012 (StAnz. p. 1040 - hereinafter referred to as PO Physik JGU) apply in their current
version.
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf

https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
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Seminars - Darmstadt

The following module descriptions are a selection of seminars. You can find the current semester
programme in TUCaN.

Module Description

Module name

Laser Plasma Physics and Applications of Laser-based Particle and Photon Sources
(Darmstadt)

Module no.
05-27-2035

Credit Points
5 CP

Workload
150 h

Self-study
120 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Markus Roth

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-27-2035-se Laser Plasma Physics and
Applications of Laser-based
Particle and Photon Sources

0 Event 2

2 Study Content
Modern topics in laser and plasma physics are covered.
Introduction to the physical fundamentals of laser-matter interaction at high intensities.
Presentations on topics in laser and plasma physics (especially laser-based particle and photon
sources and their applications).

Typical topics are:
"Proton acceleration with high intensity lasers and applications in radiobiology"
"Electron acceleration in laser-driven wakefields"
"Betatron x-rays from laser-electron accelerators and their applications in x-ray imaging and
spectroscopy"
"Inertial confinement fusion with high power lasers"
"Creating extreme states of matter with relevance in astrophysics using laser-solid interactions"
"Laser-based neutron sources and their applications in nondestructive material analysis"
"All-optical gamma ray sources by inverse Compton scattering"
"Generation of attosecond pulses by relativistically oscillating mirrors"

3 Learning Outcomes
The students

 know the basics of the physics of laser-produced plasmas and laser-based photon and
particle sources
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 know a current field of research in the field of laser and plasma physics, laser-based
particle and photon sources and their applications

 know the literature study on a selected topic in the field of laser-based photon and
particle sources

 are able to present a selected topic in the form of a technical lecture in the English
language

 have the ability to critically reflect on and discuss research results.
.

4 Requirements for Participation
Recommended: basic knowledge of electrodynamics and laser physics

5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, Presentation, Duration 30 min, Standard)

This can be a presentation (Pt) with or without a report (B).
The type of examination will be announced at the beginning of the course.

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Study Examination, Presentation, Weight: 100%, Standard)

8 Usability of the Module
M.Sc. Physik
M.Sc. Physics
RMU MSc Particle Accelerator Sciences – Compulsory elective module Darmstadt

9 Literature
For the introductory part: P. Gibbon, "Short Pulse Laser Interactions with Matter: An
Introduction", Imperial College Press.

For the lectures, the literature or scientific publications will be provided by the lecturer.

10 Comment
The presence at the presentations of the other seminar participants is to participate actively in
the discussion and to achieve the qualification goal:
"Ability to critically reflect and discuss research results".

Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
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(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Particle Accelerators for Society and Sustainability (Darmstadt)
Module no.
05-27-2040

Credit Points
5 CP

Workload
150 h

Self-study
120 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Joachim Enders

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-27-2040-se Particle Accelerators for Society
and Sustainability

0 Seminar 2

2 Study Content
The course is divided in three parts:

 an introductory phase in hybrid or flipped-classroom format providing input on
fundamental aspects relevant for the topic,

 a project phase in which participants develop ideas for accelerator-based applications
with high relevance for societal impact or with high sustainability potential

 a presentation and documentation phase in which participants present and discuss
project ideas.

The introductory phase exemplifies aspects of the following topics:

 UN Sustainable Development Goals
 Systems approach for analyzing the interrelation between science aspects in sustainability

and environmental, societal, and economic dimensions
 Overview of particle-accelerator components and small-scale accelerators for applications
 Examples for techniques and developments in particle-accelerator science and related

areas supporting aspects of sustainability
 Sustainability considerations for small and large-scale research facilities in nuclear and

particle physics

Based on this introductory information, participants will work out a presentation for a particular
application that (a) uses particle accelerators for applications not related to basic-science
experiments or that (b) help improving sustainability aspects in the operation of particle-
accelerator facilities. Preparation and presentation are usually carried out in groups of 2-3
participants. Presentations are shared among the group participants and accompanied by a fact
sheet on their ideas as a basis for discussion.



22

3 Learning Outcomes
Following successful participation, students will

 know about the UN’s Sustainable Development Goals (SDGs) and their implementation
strategies,

 will have reflected upon the relation between scientific aspects of particle-accelerator
science and their impact on environment, society, and economy,

 have a thorough overview of particle-accelerator components and systems and their
functionality;

 be capable of analyzing small setups of accelerator components and selected parts of
large-scale facilities with respect to their operational impact on the environment as well
as their life cycle;

 know presentation techniques and principles of scientific discussion;
 have the skills to work independently and in small groups in consultation with a

supervisor, to fathom out the physical and engineering facts related to sustainability
aspects,

 be experienced in group discussion and work in small groups,
 be able to present their results clearly to a student audience;
 be competent in independent work, presentation and discussion at a scientific level,
 possess the ability to critically reflect on and discuss findings in science, technology, and

applications.

4 Requirements for Participation
none.

Recommended: A successful participation in the Course „Introduction to Particle Accelerator
Science: Systems and Applications“.

5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, Presentation, Duration 30 min, Standard)

This can be a presentation (Pt) with or without a report (B).
The type of examination will be announced at the beginning of the course.

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Study Examination, Presentation, Weight: 100%, Standard)
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8 Usability of the Module
M.Sc. Physik
M.Sc. Physics
RMU MSc Particle Accelerator Sciences – Compulsory elective module Darmstadt

9 Literature
is issued by lecturer on specific topics

Overviews on specific aspects:
 S. Sheehy: Applications of Particle Accelerators, Proceedings of the General Introductory

CAS Course "Introduction to Accelerator Physics", 2019 and beyond,
https://doi.org/10.48550/arXiv.2407.10216

 R. Bailey (Ed.): Accelerators for Medical Applications, Proceedings of the CAS-CERN
Accelerator School on Accelerators for Medical Applications, CERN Yellow Report CERN-
2017-004-SP (2017), https://doi.org/10.23730/CYRSP-2017-001

 R. Bailey (Ed.): Ion Sources, Proceedings of the CAS-CERN Accelerator School on Ion
Sources, CERN Yellow Report CERN-2013-007 (2013), https://doi.org/10.5170/CERN-
2013-007

 D. Brandt (Ed.): Small Accelerators, Proceedings of the CAS-CERN Accelerator School on
Small Accelerators, CERN Yellow Report CERN-2006-012 (2006),
http://dx.doi.org/10.5170/CERN-2006-012

 E. Metral et al. (Eds.): Proceedings of the Joint Universities Accelerator School (JUAS)—
Courses and exercises, CERN Yellow Reports: School Proceedings, No. 3, I-IV (2024),
ttps://doi.org/10.23730/CYRSP-2024-003

 S. Banerjee et al.: Environmental sustainability in basic research: a perspective from
HECAP+, arXiv:2306.02837v2 [physics.soc-ph],
https://doi.org/10.48550/arXiv.2306.02837

 ALLEA: Towards Climate Sustainability of the Academic System in Europe and Beyond.
Berlin (2022), https://doi.org/10.26356/climate-sust-acad

 C. Hidalgo (Ed.), EPS Grand Challenges - Physics for Society in the Horizon 2050, IOP
Publishing, Bristol (2024), https://dx.doi.org/10.1088/978-0-7503-6342-6

10 Comment
The presence at the presentations of the other seminar participants is useful in order to
participate actively in the discussion and to achieve the qualification goal: "Ability to critically
reflect and discuss research results."

Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Radiation Safety at Particle Accelerators (Darmstadt)
Module no.
05-27-2041

Credit Points
5 CP

Workload
150 h

Self-study
120 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Dr. rer. nat. Jonny Hubertus Birkhan

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-27-2041-se Radiation Safety at Particle
Accelerators

0 Seminar 2

2 Study Content
Available seminar topics:
1.) Radiation and radiation sources: From our daily life to global impact
*Types of radiation
*Naturally occurring radiation sources
*Anthropogenic radiation sources
*Impact of the use of radiation sources on the daily life
2.) Fundamentals of radiation protection
*Historical development of radiation protection
*Radiation protection principles: justification, optimization, minimization, ALARA
*Radiation protection rules: A-A-A-A-A-A
*National and international safety standards
*Risk assessment in radiation protection
3.) Radiation sources at particle accelerators
*Types of particle accelerators and their primary radiation sources
*Types of secondary and tertiary radiation at particle accelerators
*Physics of interaction between radiation and matter
*Radiation effects: implications for the accelerator environment
4.) Dosimetry
*Definition and meaning of dose quantities in radiation protection
*Typical measurement devices for dose and dose rate
*Physics behind dose measurements
*Metrological assessment of dose measurements according to ISO 11929
5.) Shielding design
*Attenuation and absorption of radiation in matter
*Fundamentals in shielding design
*Shielding calculations with paper and pencil
*Shielding calculations with Monte-Carlo particle transport codes
6.) Activation of materials



26

*Physics of activation processes
*Activation products in typical particle accelerators
*Activation calculations (analogue and with Monte-Carlo codes)
*Clearance and release of activated materials
7.) Personal safety systems
*Legal requirements according to radiation protection act and regulation
*Technology and technical implementations of personal safety systems
*Fail-safety
*Examples
8.) Exposition of radiation workers
*Legal framework for radiation workers
*Legal dose limits for radiation workers
*Personal dosimetry (measurement techniques and regulations)
*How to calculate doses for workers due to the maintenance of an accelerator
9.) Exposition of the public
*Legal framework for the assessment of the exposition of the public due to activities requiring
approval
*Measurement and Estimation of discharges with water and exhaust air
*Dispersion calculations regarding exhaust air
10.) The Radiation Protection Officer
*Legal framework to become a radiation protection officer
*Functions, duties, and rights of a radiation protection officer
*Categories of radiation protection officers
*Training to become a radiation protection officer
11.) Approval process for building and operating a particle accelerator
*Legal Framework for building and operating a particle accelerator
*Needs for getting an approval
*Radiation protection instruction
*Radiation safety report

3 Learning Outcomes
Following successful participation in this seminar, students
* will know about fundamentals of radiation safety and protection,
* will have refleced about radiation produced at accelerator facilities,
* will be capable of analyzing radiation levels and legal framework related to the design and
operation of accelerator facilities,
* will know presentation techniques and principles of scientific discussion,
* will be competent in working independently when learning about one aspect of radiation
safety/protection, and
* will possess the ability to critically reflect on and discuss findings in science, technology, and
applications.
Students will have acquired the necessary foundational knowledge for successful participation in
a specialist course for radiation protection officers required at an accelerator facility.

4 Requirements for Participation
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none

5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, Presentation, Duration 30 min, Standard)

This can be a presentation (Pt) with or without a report (B).
The type of examination will be announced at the beginning of the course..

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Study Examination, Presentation, Weight: 100%, Standard)

8 Usability of the Module
M.Sc. Physik
M.Sc. Physics
RMU MSc Particle Accelerator Sciences – Compulsory elective module Darmstadt

9 Literature
is issued by lecturer on specific topics

10 Comment
The presence at the presentations of the other seminar participants is useful in order to
participate actively in the discussion and to achieve the qualification goal: "Ability to critically
reflect and discuss research results."

Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Seminars - Frankfurt

Module Description

Module name

Block Seminar on selected topics in astro-, plasma and accelerator physics (Frankfurt)
Module no.
05-fm-2610

Credit Points
5 CP

Workload
150 h

Self-study
120 h

Duration
1 week

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. Holger Podlech

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-fm-2610-se Block Seminar on selected
topics in astro-, plasma- and
accelerator physics

0 seminar 2

2 Study Content
Students will be asked to present a topic relevant for current research in the research groups at
GU Frankfurt on accelerator, plasma, and nuclear astrophysics.  To this end, the students will
• acquire fundamental knowledge about the research topic,
• learn about relevant tools and techniques, studying original research publications,
• present a summary of relevant aspects of the seminar topic in a presentation and
• document their presentation in written form.

3 Learning Outcomes
The students
• will know how to study original literature and select information for a specific topic,
• have an overview of relevant particle-accelerator components and systems and their
functionality,
• know presentation techniques and principles of scientific discussion,
• have the skills to work independently on the presentation of a new topic of current research,
• be able to present their results to an expert audience, and
• possess the ability to critically reflect on and discuss findings in science, technology, and
applications..

4 Requirements for Participation
none
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5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, Presentation, Duration 30 min, Standard)

This can be a presentation (Pt) with or without a report (B).
The type of examination will be announced at the beginning of the course

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Presentation, Weight: 100%, Standard)

8 Usability of the Module
RMU M.Sc. Particle Accelerator Science – Compulsory elective module Frankfurt

9 Literature
to be specified by the professor
 e.g.:
Wangler – Linear accelerators

10 Comment
The presence at the presentations of the other seminar participants is to participate actively in
the discussion and to achieve the qualification goal:
"Ability to critically reflect and discuss research results".
 A limited number of students can participate in the HFHF IAP-GSI block seminar (1 week)

Examinations and courses offered by Goethe University are subject to the Framework
Regulations for Tiered and Modularized Degree Programmes at Johann Wolfgang Goethe
University Frankfurt am Main dated 30 April 2014 in the version dated 15 July 2020 (hereinafter
referred to as RO Goethe University).
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf

https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf


30

Module Description

Module name

Seminar on selected topics in accelerator physics (Frankfurt)
Module no.
05-fm-2611

Credit Points
5 CP

Workload
150 h

Self-study
120 h

Duration
1 week

Frequency
Every semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. Holger Podlech

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-fm-2610-se Seminar on selected topics in
accelerator physics

0 seminar 2

2 Study Content
 Depending on the semester different topics of the seminar are available
 A) Applications of particle accelerators (nuclear and high energy physics, transmutation,

neutron sources, cancer therapy, isotope production, synchrotron radiation)
 B) High intensity accelerators
 C) Fundamentals in accelerator physics (Linacs, synchrotrons, ion sources, beam diagnostics,

RF superconductivity, RF measurements, magnets)

3 Learning Outcomes
The students learn the literature study on a selected topic in accelerator physics and to present
the selected topic in a talk (45 min) with discussion.
Learn to summarize the topic in a written report.

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, Presentation, Duration 45 min, Standard)

This can be a presentation (Pt) with or without a report (B).
The type of examination will be announced at the beginning of the course

6 Requirements on the Award of Credit Points
passed examination
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7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Presentation, Weight: 100%, Standard)

8 Usability of the Module
RMU M.Sc. Particle Accelerator Science – Compulsory elective module Frankfurt

9 Literature
to be specified by the professor
 e.g.:
Wangler – Linear accelerators

10 Comment
The presence at the presentations of the other seminar participants is to participate actively in
the discussion and to achieve the qualification goal:
"Ability to critically reflect and discuss research results".

Examinations and courses offered by Goethe University are subject to the Framework
Regulations for Tiered and Modularized Degree Programmes at Johann Wolfgang Goethe
University Frankfurt am Main dated 30 April 2014 in the version dated 15 July 2020 (hereinafter
referred to as RO Goethe University).
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf

https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf
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Seminar – Mainz

Module Description

Module name

Topics in Lepton accelerators (Mainz)
Module no.
05-mz-
2612

Credit Points
5 CP

Workload
150 h

Self-study
129 h

Duration
1 Semester

Frequency
Every semester

Language of Instruction
English

Person responsible for the Module
Professor Dr. Kurt Aulenbacher

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-mz-2612-se Topics in Lepton accelerators (JGU
Mainz)

0 Seminar 2

2 Study Content
Alternating actual topics from the field of electron acceleration, e.g

 Mechanisms of electron emission: thermionic, field emission, photoelectric effect
 Generation of spin-polarized electron beams
 Electron beam polarimetry
 High-power electron sources for application
 MAMI: Functionality and longitudinal beam dynamics
 Superconducting high-frequency systems for electron acceleration
 Synchrotron radiation 1 - basics of generation, beam dynamics
 Synchrotron radiation 2 - Wigglers and undulators
 Electron coolers
 Free electron lasers
 Generation of positron beams
 Electron/positron colliders
 BMT equation and spin dynamics

3  Learning Outcomes
Following successful participation, students will

 know the basics of electron acceleration and its applications
 have studied scientific original literature on a selected topic in the field of electron

acceleration
 know presentation techniques and principles of scientific discussion;
 have the ability to critically reflect on and discuss research results.
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4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, Presentation, Duration 30 min, Standard)

Successful preparation, presentation and documentation of the seminar talk

6 Requirements on the Award of Credit Points
passed examination

Active participation: familiarization with the research project with at least one weekly
supervision meeting (according to the regulations of the University of Mainz: § 5 Abs. 3 und 5
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf)

Attendance is mandatory (according to the regulations of the University of Mainz: § 5 Abs. 3 und
5 https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf)

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Presentation, Weight: 100%, Standard)

8 Usability of the Module
RMU M.Sc. Particle Accelerator Science – Compulsory elective module Mainz

9 Literature
will be given by lecturer on the concrete topics

10 Comment
For examinations and courses offered by JGU, the regulations of Faculty 08 of Johannes
Gutenberg University Mainz for examinations in the Master's degree program in Physics of April
20, 2012 (StAnz. p. 1040 - hereinafter referred to as PO Physik JGU) apply in their current
version.
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf

https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
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Practical - Darmstadt

The following module descriptions are a selection of the lab courses. You can find the current semester
programme in TUCaN.

Module Description

Module name

Practical Introductory Research Project Darmstadt (Darmstadt)
Module no.
05-da-2609

Credit Points
5 CP

Workload
150 h

Self-study
150 h

Duration
1 Semester

Frequency
Every semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Joachim Enders

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-da-2609-pr Practical Introductory Research
Project Darmstadt

0 Laboratory
Course

0

2 Study Content
Practical research project in a research group at TU Darmstadt (1-2 days per week during the
teaching term, ca. 4 week full-time during the teaching breaks), focusing on particular aspects
from the research portfolios of the individual groups, e.g., at the superconducting Darmstadt
electron linear accelerator S-DALINAC, at the TEMF institute, at high-power laser systems (e.g.,
PHELIX), in material science, or technical aspects of radiation biophysics.
 Acquiring fundamental knowledge about the research topic
 Relevant tools for tackling the research task
 Carrying out simulations, experiments, data analysis, or tests,

according to a research plan
 Documentation of the results in a written report

3 Learning Outcomes
Following successful participation, students

 will know the fundamentals of a selected research field and are capable of summarizing them
concisely in a written report,

 will know and apply fundamental tools and techniques relevant for specific accelerator-
related research tasks,

 are capable of carrying out research work by simulation, experiment, test, or data analysis,
 are competent in carrying out individual small-size research tasks,
 are capable of documenting their results in written form.
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4 Requirements for Participation
none

A successful participation in the Course „Introduction to Particle Accelerator Science: Systems
and Applications“ may be helpful.

5 Form of Examination
Final Module Examination:

  Module Examination
(Study Examination, Report, Standard)

Details of the presentation format (duration about 30 min) will be announced by the lecturers at
the beginning of the course.

6 Requirements on the Award of Credit Points
Passed examination

7 Grading
Final Module Examination:

  Module Examination
(Study Examination, Report, Weight: 100%, Standard)

8 Usability of the Module
RMU M.Sc. Particle Accelerator Science - Compulsory elective module Darmstadt

9 Literature
will be issued by lecturer/group leader depending on the research project task.
Collection of introductory material concerning a wide variety of topics:
 E. Metral et al. (Eds.): Proceedings of the Joint Universities Accelerator School (JUAS), CERN

Yellow Reports: School proceedings 3, CERN-2024-003 (2024);
https://doi.org/10.23730/CYRSP-2024-003

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://doi.org/10.23730/CYRSP-2024-003
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Superconductivity (Darmstadt)
Module no.
11-01-2038

Credit Points
5 CP

Workload
150 h

Self-study
105 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Lambert Alff

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

11-01-2038-ue Exercises Superconductivity 0 Exercise 1

11-01-2038-vl Superconductivity 0 Lecture 2

2 Study Content
•    Introduction and basic notions of superconductivity
•    Conventional superconductors
•    High-temperature superconductors
•    Physics of the superconducting state
•    Weak links and Josephson effects
•    Electrodynamics of supercoductors
•    The vortex state
•    Small scale applications
•    Large scale applications
•    Superconducting thin films and coatings

3 Learning Outcomes
The student is able to adapt the concepts of superconductivity to a broad range of situations and
materials. The student has the competence to differentiate different types of superconductors
their superconducting mechanism. The student is qualified to evaluate experimental and
theoretical methods for goal-oriented research in the area of applied superconductivity. The
student remembers modern advances in superconducting research and their use in current
applications. The student has a first insight into modern research topics in superconductivity and
its device applications. The student has a beginner’s competence to follow advanced textbooks
and scientific literature.

4 Requirements for Participation
none

5 Form of Examination
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Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination,  Standard)

Written exam (90 min), oral exam (30 min), or remote exam (open book, 90 min)
The form of examination will be specified within two weeks after the first lecture.

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination, Weight:
100%, Standard)

8 Usability of the Module
M.Sc. Materials Science: Elective Courses Materials Science

RMU MSc Particle Accelerator Sciences – Compulsory elective module Darmstadt

9 Literature
1.    M. Tinkham: Introduction to superconductivity, Krieger
2.    P. Müller/A.V. Ustinov: The physics of superconductors, Springer
3.    Steven Blundell: Superconductivity, A very short introduction, Oxford
4.    James F. Annett: Superconductivity, Superfluids and Condensates, Oxford
5.    Kristian Fossheim/Asle Sudbo, Superconductivity: Physics and Applications, Wiley

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Numerical Methods of Accelerator Physics (Darmstadt)
Module no.
18-bf-2050

Credit Points
5 CP

Workload
150 h

Self-study
30 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
German and English

Person responsible for the Module
Prof. Dr. Oliver Boine-Frankenheim

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

18-bf-2050-ue Numerical Methods of Accelerator
Physics

0 Exercise 2

18-bf-2050-vl Numerical Methods of Accelerator
Physics

0 Lecture 2

2 Study Content
 Illustration of accuracy requirements on numerical methods using simple examples from

accelerator physics
 Methods for numerical field computation of accelerating cavities and magnets
 Stability analysis and eigenvalue problems in accelerator physics
 Methods for particle tracking in electromagnetic fields
 Techniques for sampling beam distribution functions
 Methods for selfconsistent numerical integration of a beam distribution function in

electromagnetic fields
 Surrogate modelling for control room applications
 Interactive (python) notebooks and example scripts for every discussed method and

application

3 Learning Outcomes
After successful completion of the module, the students understand basic models of accelerator
physics and suitable procedures for their numerical solution and can apply them.

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

 Module Examination (Technical Examination, oral Examination, Duration 30 min, Standard)
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6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, oral Examination, Weight: 100%,
Standard)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences – Compulsory elective module Darmstadt
MSc etit,
MSc MedTec,
M.Sc. Physik,
M.Sc. Physics

9 Literature
Lecture slides and material including example (python) scripts will be available for download.
Further literature references will be given over the course of the lectures.

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Physics of nuclear and particle physics detectors (Darmstadt)
Module no.
05-da-2610

Credit Points
5 CP

Workload
150 h

Self-study
90 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Joachim Enders

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-21-2020-vl Physics of nuclear and particle
physics detectors

0 Lecture 3

05-23-2020-ue Physics of nuclear and particle
physics detectors

0 Exercise 1

2 Study Content
Particle detectors are the key component of any nuclear and particle physics experiment. The
lecture aims at a comprehensive overview of main particle detectors used today and the
underlying physics mechanisms.

The lecture will be divided in nine topics:
(1) interaction of radiation with mater,
(2) signal formation and readout electronics,
(3) gas detectors,
(4) semiconductors,
(5) scintillators and photomultipliers,
(6) Cerenkov detectors,
(7)  multi detectors in particle physics,
(8) detection of weakly interacting particles,
(9) Mossbauer spectrometry for ultra-high-energy resolution.

The spirit of the lecture is to cover each topic from the basics to the state of the art, illustrate by
the most recent applications of each detection system. The most relevant physics questions will
be introduced.

3 Learning Outcomes
The students
(1) learn how nuclear and particle detectors work,
(2) understand the underlying physics processes and the subsequent limitations,
(3) decide which detection technique is best suited for a given measurement and know the
critical parameters for a detector,
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(4) know a variety of today’s experiments based on the studied detection techniques

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Standard)

The type of examination is announced at the beginning of the course.
It can be either (i) a written exam (K, 90 min),
(ii) an oral examination (mP, 30 min), or (iii) a presentation (Pt).

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Weight: 100%,
Standard)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences – Compulsory elective module Darmstadt

9 Literature
To be announced during the course

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Practical - Frankfurt

Module Description

Module name

Research Lab Course (Frankfurt)
Module no.
05-fm-2607

Credit Points
5 CP

Workload
150 h

Self-study
90 h

Duration
1 Semester

Frequency
Every semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. Holger Podlech

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-fm-2607-pr Advanced Lab course 0 Lab course 4

2 Study Content
 Practical accelerator relevant experiments with emphasis on RF measurements
 Experiments on research equipment of the individual accelerator physics working groups.
 Some experiments are supported by numerical RF simulations

3 Learning Outcomes
The module is intended to provide an introduction to the working methods of modern
experimental accelerator physics. The students practise carrying out experiments in the
laboratory according to instructions and record them. The preparation of short written reports
(“protocols”) will be practiced

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

 Module Examination (Technical Examination, Portfolio, Standard)

A portfolio of protocols for each experiment.

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:
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  Module Examination (Technical Examination, Portfolio, Weight: 100%, Standard)

8 Usability of the Module
RMU M.Sc. Particle Accelerator Science – Compulsory module Frankfurt

9 Literature
to be specified by the professor
 e.g.:
Wangler – Linear accelerators

10 Comment
Examinations and courses offered by Goethe University are subject to the Framework
Regulations for Tiered and Modularized Degree Programmes at Johann Wolfgang Goethe
University Frankfurt am Main dated 30 April 2014 in the version dated 15 July 2020 (hereinafter
referred to as RO Goethe University).
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf

https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf
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Practical – Mainz

Module Description

Module name

Practical Research course (Mainz)
Module no.
05-mz-
2608

Credit Points
5 CP

Workload
150 h

Self-study
108 h

Duration
1 Semester

Frequency
Every semester

Language of Instruction
English

Person responsible for the Module
Professor Dr. Kurt Aulenbacher

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-mz-2608-pr Practical Research course (JGU
Mainz)

0 Practical / Lab
/ Internship

4

2 Study Content
Compulsory elective experiments from the subject areas:
 - Emittance measurement at the 3.5 MeV injector at MAMI
 - Measurement of the spin polarization of an electron beam
 - Determination of the longitudinal acceptance of MAMI

3  Learning Outcomes
The students

 - know and are familiar with advanced techniques in experimentation, scientific protocol
management

 - and know more complex methods of data analysis; they acquire in-depth knowledge of
electron acceleration,

 - have skills in carrying out experiments and analysing them, including the critical
assessment of experimental uncertainties, as well as basic methodological knowledge for
writing a scientific paper,

 - are competent in independently familiarising themselves with a defined subject area using
selected literature, critically assessing the extracted results and presenting their knowledge
both in the preliminary oral discussion and in the written paper; students are proficient in
elementary forms of scientific discussion and

 - know the principles of good scientific practice

4 Requirements for Participation
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none

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, Portfolio, Standard)

A portfolio of protocols for each experiment.

6 Requirements on the Award of Credit Points
passed examination

Active participation: familiarization with the research project with at least one weekly
supervision meeting (according to the regulations of the University of Mainz: § 5 Abs. 3 und 5
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf)

Attendance is mandatory (according to the regulations of the University of Mainz: § 5 Abs. 3 und
5 https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf)

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Portfolio, Weight: 100%, Standard)

8 Usability of the Module
RMU M.Sc. Particle Accelerator Science – Compulsory module Mainz

9 Literature

10 Comment
For examinations and courses offered by JGU, the regulations of Faculty 08 of Johannes
Gutenberg University Mainz for examinations in the Master's degree program in Physics of April
20, 2012 (StAnz. p. 1040 - hereinafter referred to as PO Physik JGU) apply in their current
version.
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf

https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
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Accelerator Science elective area

The following module descriptions are a selection of in-depth lectures. You can find the current
semester programme in TUCaN.

Module Description

Module name

Atoms and Ions in Plasma (Darmstadt)
Module no.
05-21-1460

Credit Points
5 CP

Workload
150 h

Self-study
90 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Markus Roth

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-21-3212-vl Atoms and Ions in Plasma 0 Lecture 3

05-23-3212-ue Atoms and Ions in Plasma 0 Exercise 1

2 Study Content
Generation and characterization of plasmas and plasma parameters
Impact ionization, coulomb shocks, conductivity
Waves in plasmas
Kinetic plasma theory
Land attenuation
Saha equation / Beam
Target Interaction
Plasma diagnostics

3 Learning Outcomes
The students
- know the basic concepts of plasma physics, the generation of plasmas and the methods for
measuring plasma parameters. They can distinguish between the concepts of ideal plasmas and
plasmas with strong coupling parameter. Be familiar with the main applications of plasma
physics in magnetic fusion and inertial fusion,
- possess skills to use different methods of plasma diagnostics, they can estimate the degree of
ionization of plasmas and calculate the motion of plasmas under the influence of magnetic fields
and make statements about the stability or instability of plasma inclusions.
The students
- are able to analyze aspects of hydrodynamics, atomic physics in plasmas and strong fields, as
well as the interaction of intense particle beams and lasers with matter with regard to
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applications in the generation of dense plasmas, make quantitative estimates of important
parameters and apply them to experimental problems, as well as communicate the acquired
knowledge.
- are competent in the independent processing of problems in the above-mentioned subject areas
and are able to assess possible applications of the acquired methods of plasma physics and here
in particular of plasma physics with heavy ions.
- are able to embed the technical content in the social context, to critically assess the
consequences and to act ethically and responsibly accordingly.

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, oral Examination, Duration 30 min, Passed /
Not Passed)

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Study Examination, oral Examination, Weight: 100%, Passed /
Not Passed)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences - Elective module Darmstadt

M.Sc. Physics: Compulsory Optional Subjects and Physics Electives for students of the study focus
"K: Nuclear Physics and Nuclear Astrophysics".

9 Literature
To be announced during the course, for example
J.A. Bittencourt: Fundamentals of Plasma Physics
R.O. Dendy, Plasma Physics

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
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darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

Module Description

Module name

Experimental nuclear physics (Darmstadt)
Module no.
05-21-1465

Credit Points
5 CP

Workload
150 h

Self-study
90 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer.nat. Jens Braun

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-21-3421-vl Experimental Nuclear Physics 0 Lecture 3

05-23-3421-ue Experimental Nuclear Physics 0 Exercise 1

2 Study Content
Building blocks of matter,
Nuclear physics with radioactive beams,
Radioactive beam production,
Ground-state properties of nuclei,
Collective properties of nuclei,
Nuclear equation of state and symmetry energy,
Connections to nuclear astrophysics

3 Learning Outcomes
The students
- know in depth the terms, concepts and methods of nuclear physics and know about the
structure of atomic nuclei, they know the building blocks of matter and have a phenomenological
understanding of the underlying interactions and the experiments to investigate the structure,
- have skills to describe, understand and apply the concepts, methods and experiments to
problems and to communicate the knowledge acquired,
- are competent in the independent processing of tasks in experimental nuclear physics, and
- are able to embed the technical content in the social context, critically assess the consequences
and act ethically and responsibly accordingly.

4 Requirements for Participation
Recommended knowledge in solid state physics

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination,  Passed / Not
Passed)

The type of examination is announced at the beginning of the course.
It can be either (i) a written exam (K, 90 min),
(ii) an oral examination (mP, 30 min), or (iii) a presentation (Pt).

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Weight: 100%,
Passed / Not Passed)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences - Elective module Darmstadt

MSc Physics: Compulsory Optional Subjects and Physics Electives for students of the study focus
"H: High Energy Density in Matter".

9 Literature
To be announced during the course, for example
Henley, Garcia, Subatomic Physics
Perkins, Introduction to High-Energy Physics

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Physics of Relativistic Heavy Ion Collisions (Darmstadt)
Module no.
05-21-2665

Credit Points
5 CP

Workload
150 h

Self-study
90 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. phil. nat. Tetyana Galatyuk

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-21-2091-vl Physics of relativistic heavy ion
collisions

0 Lecture 3

05-23-2091-ue Physics of relativistic heavy ion
collisions

0 Exercise 1

2 Study Content
Introduction
Kinematics
Accelerators and the design of experiments
Measurement of global observables and the Glauber model
Nucleon-Nucleon and Nucleus-Nucleus collisions
Collective effects
Thermodynamics
Measurement of hadron yields and the statistical model of particle production at chemical freeze
out
Chiral symmetry and the generation of mass
Dilepton spectra at low mass and thermal photons
The physics of charm
Jets and high-momentum particles

3 Learning Outcomes
The students

 have an overview of the mechanisms of heavy ion collisions and know the basics of high
energy physics

 know concepts and techniques on how to extract various signals from high energy heavy-
ion collisions and interpret them

 have the skills to assign and apply the basic terms
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 are competent in the independent processing of tasks in the above-mentioned subject
areas

 are able to work independently on a delimited topic in consultation with a supervisor and
present this to a student audience

 can competently answer questions about their own lecture and, on the basis of the
knowledge acquired, actively participate in scientific discussions and drive these forward
with their own questions

 have the ability to critically discuss research results

 are able to embed technical content in the social context, critically assess the
consequences and to act ethically and responsibly accordingly.

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Passed / Not
Passed)

The type of examination is announced at the beginning of the course.
It can be either (i) a written exam (K, 90 min),
(ii) an oral examination (mP, 30 min), or (iii) a presentation (Pt).

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Weight: 100%,
Passed / Not Passed)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences - Elective module Darmstadt

MSc Physics: Compulsory Optional Subjects for students of the study focus "K: Nuclear Physics
and Nuclear Astrophysics" or "H: High Energy Density in Matter". And physics elective for
students who have not chosen specialisation "K: Nuclear Physics and Nuclear Astrophysics".

9 Literature
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F. Halzen and A.D. Martin, "Quarks and leptons: an introductory course in modern particle
physics", Wiley, 1984
D. Perkins, Hochenergiephysik, Addison-Wesley, 1991
E.M. Henley and A. Garcia, "Subatomic Physics", World Scientific Publishing, 2007
J. Rafelski and J. Letessier, "Hadrons and Quark-Gluon Plasma", Cambridge University Press

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Intense Laser Beams (Darmstadt)
Module no.
05-21-2670

Credit Points
5 CP

Workload
150 h

Self-study
90 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer.nat. Jens Braun

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-21-1481-vl Intense Laser Beams 0 Lecture 3

05-23-1481-ue Intense Laser Beams 0 Exercise 1

2 Study Content
Laser media, special aspects of high energy lasers, non-linear refraction index, B-integral,
modern laser concepts, architecture, pulse shaping, short pulse and CPA laser, laser plasma
interaction diagnostics of relativistic plasmas, generation of high harmonics, particle generation,
radiation safety requirements

3 Learning Outcomes
The students know the basic problems of high-energy and high-power laser systems. Working
individually and using standard literature they can identify the requirements for high energy
laser systems and their optimization. The students can recall the state of the art of modern laser
technology.  The students can compare different laser systems and calculate their performance in
general. They can describe the basic laser plasma interaction phenomena and their dependence
on the beam parameters. The students will be able to work on and extend high power laser
systems.

4 Requirements for Participation
Recommended basic knowledge of laser and plasma physics

5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, oral Examination, Duration 30 min, Passed /
Not Passed)

6 Requirements on the Award of Credit Points
passed examination
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7 Grading
Final Module Examination:

  Module Examination (Study Examination, oral Examination, Weight: 100%, Passed /
Not Passed)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences - Elective module Darmstadt

MSc Physics: Compulsory Optional Subjects and Physics Electives for students of the study focus
"K: Nuclear Physics and Nuclear Astrophysics".

9 Literature
Will be accounced at the beginning of the lecture

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Theoretical Nuclear Physics (Darmstadt)
Module no.
05-22-1410

Credit Points
5 CP

Workload
150 h

Self-study
90 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Hans-Werner Hammer

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-21-3282-vl Theoretical Nuclear Physics 0 Lecture 3

05-23-3282-ue Theoretical Nuclear Physics 0 Exercise 1

2 Study Content
Hilbert space of the nuclear many-body problem,
Nucleon-nucleon interaction,
Deuteron and nucleon-nucleon scattering,
Fermi gas model and shell model,
Hartree-Fock approximation, ground state properties and collective excitations,
Effective interactions,
Modern methods of nuclear structure theory

3 Learning Outcomes
The students
- know the basic theoretical concepts and methods of nuclear structure physics. They know about
models for the description of nuclear properties, their microscopic origin and their fields of
application, e.g. shell model, Hartree-Fock approximation, and random phase approximation,
- have skills in the theoretical treatment and the formulation of mathematical-physical
approaches for the description of the nuclear many-body problem, so that tasks in the mentioned
areas can be processed with the learned theoretical methods,
- are competent in the independent processing of problems in the mentioned subject areas and
are able to assess application possibilities and validity limits of nuclear physics methods,
- are able to embed the technical contents in the social context, to critically assess the
consequences and to act ethically and responsibly accordingly.

4 Requirements for Participation
none
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5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Passed / Not
Passed)

The type of examination is announced at the beginning of the course.
It can be either (i) a written exam (K, 90 min),
(ii) an oral examination (mP, 30 min), or (iii) a presentation (Pt).

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Weight: 100%,
Passed / Not Passed)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences - Elective module Darmstadt

MSc Physics: Compulsory Optional Subjects and Physics Electives for students of the study focus
"H: High Energy Density in Matter".

9 Literature
Will be specified by lecturer(s)

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Atom Physics at Accelerators (Darmstadt)
Module no.
05-23-1515

Credit Points
5 CP

Workload
150 h

Self-study
90 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Dr. rer. nat. Danyal Winters

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-21-1515-vl Atom physics on accelerators 0 Lecture 3

05-23-1515-ue Atom physics on accelerators 0 Exercise 1

2 Study Content
Fundamentals of atomic physics, spectroscopy at transitions in the atom/ion, interaction of ions
with matter, ions at slow, medium and high speeds, detectors, equipment for ions (accelerators,
traps), methods for cooling ion beams, modern experiments with ions

3 Learning Outcomes
The students
 now the basics, functions and applications of typical instrumentation in atomic physics

experiments at accelerator facilities,
 are able to analyse experiments and theoretical description approaches for atomic physics

experiments on accelerators, apply them to tasks, understand original scientific work and
communicate their knowledge - are competent in the independent processing of problems in
the aforementioned subject areas.

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Passed / Not
Passed)

The type of examination is announced at the beginning of the course.
It can be either (i) a written exam (K, 90 min),
(ii) an oral examination (mP, 30 min), or (iii) a presentation (Pt).
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6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Weight: 100%,
Passed / Not Passed)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences - Elective module Darmstadt

9 Literature
Will be specified by lecturer(s)

10 Co Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdfmment

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Theoretical Particle Physics (Darmstadt)
Module no.
05-22-2610

Credit Points
5 CP

Workload
150 h

Self-study
90 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Hans-Werner Hammer

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-21-1122-vl Introduction to Elementary
Particle Physics

0 Lecture 3

05-23-1122-ue Theoretical Particle Physics 0 Exercise 1

2 Study Content
- Overview of the Standard Model of Elementary Particles
- Symmetries and symmetry breaking
- Quark model of hadrons
- Elements of relativistic quantum mechanics
- Scattering processes and Feynman diagrams
- Deep inelastic scattering and partons

3 Learning Outcomes
The students
- have an overview of the Standard Model of elementary particles, understand the basic
mathematical concepts of symmetries and scattering processes, and know the internal structure
of hadrons,
- are able to understand and comprehend elements of the mathematical apparatus of theoretical
particle physics, and can use it to calculate simple scattering processes of elementary particles, as
well as communicate the acquired knowledge,
- are competent in working independently on simple theoretical problems of phenomenological
elementary particle physics and can estimate the importance of basic experiments for the
development of the Standard Model
and
- are able to embed the technical content in the social context, to critically assess the
consequences and to act ethically and responsibly accordingly.

4 Requirements for Participation



60

Recommended knowledge in nuclear physics

5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination,  Passed / Not
Passed)

The type of examination is announced at the beginning of the course.
It can be either (i) a written exam (K, 90 min),
(ii) an oral examination (mP, 30 min), or (iii) a presentation (Pt, 30 min).

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Weight: 100%,
Passed / Not Passed)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences - Elective module Darmstadt

MSc Physics: Compulsory Optional Subjects for students of the study focus "K: Nuclear Physics
and Nuclear Astrophysics" or "H: High Energy Density in Matter". And physics elective for
students who have not chosen specialisation "K: Nuclear Physics and Nuclear Astrophysics"

9 Literature
To be announced during the course, for example
Halzen, Martin: Quarks and Leptons

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Radiation Biophysics (Darmstadt)
Module no.
05-27-2980

Credit Points
5 CP

Workload
150 h

Self-study
90 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-21-1662-vl Radiation Biophysics 0 Lecture 3

05-23-1662-ue Radiation Biophysics 0 Exercise 1

2 Study Content
Physical and biological principles of radiation biophysics, introduction to modern experimental
techniques in radiation biology. The interaction of ion beams with biological systems is
specifically addressed. All steps required to perform ion beam therapy are presented.
The following areas are discussed: electromagnetic radiation, particle-matter interaction.
Biological aspects: Radiation effects of weak ionizing radiation (e.g. X-rays) on DNA,
chromosomes, trace structure of heavy ions. (LET: Linear Energy Transfer) Low-LET radiation
biology: effects in the cell, high-LET (e.g. ions) radiation biology, physical and biological
dosimetry, effects at low dose, ion beam therapy, therapy models, treatment of moving targets.

3 Learning Outcomes
The students are familiar with the physical principles of the interaction of ionizing radiation with
matter, its biochemical consequences such as radiation damage in the cell, organs and tissue.
Students are familiar with the important applications of radiation biology, e.g., radiation therapy
and radiation protection. They are also familiar with the effects of radiation in the environment
and in space. The students are able to embed the technical content in the social context, to
critically assess the consequences and to act ethically and responsibly accordingly.

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Passed / Not
Passed)
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The type of examination is announced at the beginning of the course.
It can be either (i) a written exam (K, 90 min),
(ii) an oral examination (mP, 30 min), or (iii) a presentation (Pt).

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Study Examination, oral / written Examination, Weight: 100%,
Passed / Not Passed)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences - Elective module Darmstadt

MSc Physics: Compulsory Optional Subjects and Physics Electives for students of the study focus
"K: Nuclear Physics and Nuclear Astrophysics" or " H: High Energy Density in Matter"

9 Literature
To be announced during the course, for example
Eric Hall, Radiobiology for the Radiologist, Lippincott Company

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Relativistic Electrodynamics (Darmstadt)
Module no.
18-kb-2020

Credit Points
5 CP

Workload
150 h

Self-study
90 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
German and English

Person responsible for the Module
Prof. Dr.-Ing. Harald Klingbeil

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

18-kb-2020-ue Relativistic Electrodynamics 0 Exercise 2

18-kb-2020-vl Relativistic Electrodynamics 0 Lecture 2

2 Study Content
Basics of tensor analysis (tensor fields, transformation behavior, invariance, Ricci calculus,
covariant derivative, differential operators), Lorentz transform, fundamental relativistic effects
(time dilation, length contraction, Doppler effect), covariant form of Maxwell's equations,
induction law from relativistic point of view, relation to relativistic mechanics, four-vectors and
four-tensors, electromagnetic energy-momentum tensor and Maxwell's stress tensor, applications
of relativistic electrodynamics

3 Learning Outcomes
The students understand the basic ideas of Special Relativity and are familiar with the scientific
vocabulary. They are able to derive and interpret fundamental formulas, and they are familiar
with the mathematical tools. The students understand the concept of covariance and a
coordinate-free description of physical theories. They are able to quantitatively compute
electromagnetic phenomena in the context of Special Relativity.

4 Requirements for Participation
Recommended: basic knowledge of electrodynamics

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, oral Examination, Duration 30 min,
Standard)

6 Requirements on the Award of Credit Points
passed examination
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7 Grading
Final Module Examination:

  Module Examination (Technical Examination, oral Examination, Weight: 100%,
Standard)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences - Elective module Darmstadt
MSc etit,
MSc MEC

9 Literature
Lecture slides are offered for download. Further references are given in the lecture.

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Functional Materials (Darmstadt)

Module no.
11-01-4104

Credit Points
6 CP

Workload
180 h

Self-study
120 h

Duration
1 Semester

Frequency
Every winter
semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr.-Ing. Oliver Gutfleisch

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

11-01-1036-vl Functional Materials 0 Lecture 4

2 Study Content
Functional Materials and specific devices:
•    Conductivity in metals,
•    Semiconductors,
•    Thermoelectricity,
•    Organic semiconductors,
•    Ionic conductors,
•    Dielectric and ferroelectric materials,
•    Introduction to magnetism and magnetic materials,
•    Magnetic materials and their applications (permanent and soft magnets),
•    Magnetocaloric materials,
•    Metal Hydrides,
•    Superconductors.

3 Learning Outcomes
On successful completion of the module, students are able to:
1. understand the most important physical principles of the relevant material classes and can
explain the physical fundamentals for materials’ functionality.
2. explain with materials synthesis and application of the most important functional materials.
They critically evaluate the applications of these material classes.
3. to model and explain the characterization of simple devices constructed from the above-
mentioned materials.

4 Requirements for Participation
Recommended: Good knowledge of basic solid-state physics
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5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination,  Standard)

Written exam (90 min), oral exam (30 min), or remote exam (open book) 90 min

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination, Weight: 100,
Standard)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences – Compulsory elective module Darmstadt

9 Literature
1.    K.Nitzsche, H.-J.Ullrich, „Funktionswerkstoffe der Elektrotechnik und Elektronik“, Deutscher
Verlag für Grundstoffindustrie, Leipzig (1993).
2.    O. Kasap, “Principles of Electronic Materials and Devices”, Mcgraw-Hill Publ. Comp. (2005).
3.    Rolf E.Hummel, „Electronic properties of materials“, Springer Verlag (1993).
4.    J.C.Anderson et al., „Materials Science“, Chapman amp; Hall Verlag (1990).
5.    C.Kittel, „Einführung in die Festkörperphysik“, 14. Auflage, Oldenburg Verlag, München
(2006).
6.    H.Ibach, H.Lüth, "Festkörperphysik", 6. Auflage, Springer Verlag, Berlin (2002).
7.    E.A.Silinsh, V.Capek, "Organic molecular crystals" , AIP Press (1994).
8.    W.Brütting, "Physics of organic semiconductors", Wiley- VCH (2005).
9.    W.Buckel, R.Kleiner „Supraleitung“, 6. Auflage, Wiley-VCH Verlagsgesellschaft (2004).
10.    J. M. D. Coey, “Magnetism and Magnetic Materials”, Cambridge University Press (2010).
11.    B. D. Cullity, “Introduction to Magnetic Materials”, Wiley-IEEE Press (2008).
12.    O’Handley, “Modern magnetic materials: principles and applications”, Wiley amp; Sons
(2000)
13.    Darren P. Broom, “Hydrogen Storage Materials: The characterisation of Their Storage
Properties (Green Energy and Technology)”, Springer (2011).

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Vacuum physics 1 (Frankfurt)
Module no.
05-fm-2612

Credit Points
5 CP

Workload
150 h

Self-study
120 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Apl.Prof. Dr. Gianluigi Franchetti

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-fm-2612-vl Vacuum physics 1 0 Lecture 2

05-fm-2612-ue Vacuum physics 1 0 Exercise 1

2 Study Content
 Kinetic theory of gases (pressure, velocity distribution, mean free path). Gas flow types:
 molecular, laminar and turbulent regimes. Compressible flow. Flow resistance

(conductance), connection of resistances, pumping speed, choked flow, transitional flow
 Evaporation and condensation, pumping processes
 Physics of vacuum pumps: Positive displacement pumps (liquid ring, rotary, roots),

multistage pumps: Example of pump down with leak, kinetic pumps (molecular drag, turbo
molecular, diffusion pump), capture pumps (getter pump, sputter-ion pump, cryo-pump)

 Introduction to statistics of measurements (error-bars, Chi squared test), liquid manometers
(McLeod)

 Piston gauge, capacitance gauge.

3 Learning Outcomes
Students are familiar with calculation methods and concepts for designing vacuum chambers and
for equipping them with vacuum pumps and measuring devices.
Methods for analyzing residual gas distribution are taught. Surface processes in general and
especially beam-wall interactions in intense particle beams are presented.
The lecture is helpful for all topics related to vacuum generation and is complementary to the
first part. In many bachelor and master theses in experimental physics, the knowledge imparted
the knowledge imparted here.

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:
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  Module Examination (Technical Examination, oral / written Examination, Standard)

Final Module Examination: Oral examination 30 min, from 10 participants a written examination
of 90 min can be given. The form of examination will be announced in the first two weeks of the
course.

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Written Exam, Weight: 100%, Standard)

8 Usability of the Module
M.Sc. Particle Accelerator Science – Elective module Frankfurt

9 Literature
to be specified by the professor
 e.g.:
Wangler – Linear accelerators

10 Comment
Examinations and courses offered by Goethe University are subject to the Framework
Regulations for Tiered and Modularized Degree Programmes at Johann Wolfgang Goethe
University Frankfurt am Main dated 30 April 2014 in the version dated 15 July 2020 (hereinafter
referred to as RO Goethe University).
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf

https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf
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Module Description

Module name

Vacuum physics 2 (Frankfurt)
Module no.
05-fm-2613

Credit Points
5 CP

Workload
150 h

Self-study
120 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Apl.Prof. Dr. Gianluigi Franchetti

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-fm-2613-vl Vacuum physics 2 0 Lecture 2

05-fm-2613-ue Vacuum physics 2 0 Exercise 1

2 Study Content
 Kinematic model of viscosity, momentum transport, effect of boundary
 Spinning rotor gauge, thermal conductivity gauges: Kinetic model of heat conductivity in

gases
 Heat flux in a cylinder
 Energy loss mechanisms (by radiation, by conduction, by gas transport)
 Pirani gauge
 Ionization gauges: Hot cathode gauge, Bayard- Alpert gauge, cold cathode gauge: Penning

gauge, inverted magnetron gauge
 Partial pressure analysis: Quadrupole mass spectrometer, magnetic sector analyzer, time of

flight mass analyzer, trochoidal mass analyzer, omegatron
 Leak Detection
 Gas-Surface interactions and diffusion: Adsorption, absorption, outgassing
 Pressure Profile: equation of pressure, evolution (x,t) and application to Accelerators. Beam

collimation and Vacuum pressure. Vacuum instability

3 Learning Outcomes
Students are familiar with calculation methods and concepts for designing vacuum chambers and
for equipping them with vacuum pumps and measuring devices. After completing this module
students are prepared for the Master theses in experimental physics that are linked to vacuum
generation.
Methods for analyzing residual gas distribution are taught. Surface processes in general and
especially beam-wall interactions in intense particle beams are presented.
The lecture is helpful for all topics related to vacuum generation and is complementary to the
first part. In many bachelor and master theses in experimental physics, the knowledge imparted
the knowledge imparted here

4 Requirements for Participation
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none

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination, Standard)

Final Module Examination: Oral examination 30 min, from 10 participants a written examination
of 90 min can be given. The form of examination will be announced in the first two weeks of the
course.

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Written Exam, Weight: 100%, Standard)

8 Usability of the Module
M.Sc. Particle Accelerator Science – Elective module Frankfurt

9 Literature
to be specified by the professor
 e.g.:
Wangler – Linear accelerators

10 Comment
Examinations and courses offered by Goethe University are subject to the Framework
Regulations for Tiered and Modularized Degree Programmes at Johann Wolfgang Goethe
University Frankfurt am Main dated 30 April 2014 in the version dated 15 July 2020 (hereinafter
referred to as RO Goethe University).
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf

https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf
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Module Description

Module name

RF Measurements for Accelerators (Frankfurt)
Module no.
05-fm-2614

Credit Points
4 CP

Workload
120 h

Self-study
60 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. Holger Podlech

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-fm-2614-vl RF Measurements for
Accelerators

0 Lecture 2

05-fm-2614-ue RF Measurements for
Accelerators

0 Exercise 1

2 Study Content
 RF parameter (surface resistance, Q-value, impedance, power losses)
 Measurements devices
 Measurement of RF power, field distribution, coupling strength, Q-value, shunt impedance
 Discharges and multi-pacting
 Field emission
 Several experiments will demonstrated during the lecture

3 Learning Outcomes
 Students know all the key concepts and technical terms and understand their context.
 Students can classify research-related problems thematically and analyze them using the

methods taught.
 Students can research further information on a given issue in specialist literature and on the

Internet.
 Students can understand and reproduce current scientific publications.

4 Requirements for Participation
none

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination, Standard)
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Final Module Examination: Oral examination 30 min, from 10 participants a written examination
of 90 min can be given. The form of examination will be announced in the first two weeks of the
course.

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Written Exam, Weight: 100%, Standard)

8 Usability of the Module
M.Sc. Particle Accelerator Science – Elective module Frankfurt

9 Literature
to be specified by the professor
 e.g.:
Wangler – Linear accelerators

10 Comment
Examinations and courses offered by Goethe University are subject to the Framework
Regulations for Tiered and Modularized Degree Programmes at Johann Wolfgang Goethe
University Frankfurt am Main dated 30 April 2014 in the version dated 15 July 2020 (hereinafter
referred to as RO Goethe University).
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf

https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf
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Module Description

Module name

Modern Accelerators – Limitations and future Developments (Frankfurt)
Module no.
05-fm-2615

Credit Points
3 CP

Workload
90 h

Self-study
30 h

Duration
1 Semester

Frequency
Every 2. semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. Holger Podlech

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-fm-2615-vl Modern Accelerators –
Limitations and future
Developments

0 Lecture 2

2 Study Content
 The lecture gives an overview of the field of particle accelerators and their potential

applications for groundbreaking science, innovative science, innovative applications,
medicine and industry.

 The most important performance parameters of the facilities are presented and defined,
including the underlying accelerator theory.

 Discussion about fundamental or technological limitations and challenges in terms of
technical performance, size and cost.

 Examples: The world's leading ion accelerators at GSI in Darmstadt, the Heidelberg Ion
Therapy Center HIT, the world's largest particle accelerator LHC at CERN in Switzerland, the
EuPRAXIA concept of a European facility based on plasma accelerators with a site in Rome
and the future FAIR facility in Darmstadt.

 Future innovations and developments in the field of accelerator physics and technology will
be presented for the above examples.

 The links to advances in high technology (e.g. nanotechnology), computer science (e.g.
machine learning, AI) and physical modeling (e.g. particle simulations) are presented.

3 Learning Outcomes
 Students know all the key concepts and technical terms and understand their context.
 Students can classify research-related problems thematically and analyze them using the

methods taught.
 Students can research further information on a given issue in specialist literature and on the

Internet.
 Students can understand and reproduce current scientific publications.

4 Requirements for Participation
none
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5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination, Standard)

Final Module Examination: Oral examination 30 min, from 10 participants a written examination
of 90 min can be given. The form of examination will be announced in the first two weeks of the
course.

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination, Weight: 100,
Standard)

8 Usability of the Module
M.Sc. Particle Accelerator Science – Elective module Frankfurt

9 Literature
to be specified by the professor
 e.g.:
Wangler – Linear accelerators

10 Comment
Examinations and courses offered by Goethe University are subject to the Framework
Regulations for Tiered and Modularized Degree Programmes at Johann Wolfgang Goethe
University Frankfurt am Main dated 30 April 2014 in the version dated 15 July 2020 (hereinafter
referred to as RO Goethe University).
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf

https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf
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The following modules from the compulsory elective area can, if they have not been
taken there, also be taken in the accelerator sciences elective area

 05-fm-2608 Linear Accelerators (Frankfurt) > pp 8

 05-mz-2609 Superconductivity in particle accelerators (Mainz)> pp 12

 05-mz-2610 Spin Physics with Accelerators (Mainz) > pp 14

 05-mz-2611 Medical Applications of particle accelerators (Mainz) > pp16
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Studium Generale

Studium Generale

Module name

General Studies (general module description)

Module
no. Credit Points

6-12 CP
Workload

180-360 h
Self-study Duration

2 Semester

Frequency
is determined by
the faculty
offering the
course

Language of Instruction
is determined by the faculty offering the
course

Person responsible for the Module

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

2 Study Content
is determined by the faculty offering the course

3 Learning Outcomes
Students

- know concepts, terms and techniques in non-subject-specific working environments and
methods of non-subject-specific key skills of their own choice.

-know concepts, terms and techniques in non-subject-specific working environments and
methods of non-subject-specific key qualifications of their own choice,

-have skills in the use of the learned working techniques or methods and can link non-
physical and cross-cutting content with their mathematical-physical knowledge.

-are competent in the independent processing of problems in multi- and interdisciplinary
work environments or in the application of key qualifications in everyday work or
concrete life situations

- are able to embed the subject content in the social context and to critically discuss the
consequences
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4 Requirements for Participation
is determined by the faculty offering the course

5 Form of Examination
is determined by the faculty offering the course

6 Requirements on the Award of Credit Points
is determined by the faculty offering the course

7 Grading
is determined by the faculty offering the course

8 Usability of the Module
RMU MSc Particle Accelerator Sciences - Darmstadt / Frankfurt / Mainz

9 Literature
is specified by the professor of the lecture

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General
Examination Regulations of Technische Universität Darmstadt dated 19.04.2004 in the
currently valid version (last amended and published in the Statutory Supplement 2023-
VII of TU Darmstadt - hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

Examinations and courses offered by Goethe University are subject to the Framework
Regulations for Tiered and Modularized Degree Programmes at Johann Wolfgang Goethe
University Frankfurt am Main dated 30 April 2014 in the version dated 15 July 2020
(hereinafter referred to as RO Goethe University).
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf

For examinations and courses offered by JGU, the regulations of Faculty 08 of Johannes
Gutenberg University Mainz for examinations in the Master's degree program in Physics
of April 20, 2012 (StAnz. p. 1040 - hereinafter referred to as PO Physik JGU) apply in
their current version.
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
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Research Area

Module Description

Module name

Practical Introduction to Scientific research (Darmstadt)
Module no.
05-da-5001

Credit Points
15 CP

Workload
450 h

Self-study
450 h

Duration
1 Semester

Frequency
Every semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Joachim Enders

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

2 Study Content
Getting acquainted with the subject area
Getting acquainted with the theoretical and/or experimental working techniques and tools
working on partial aspects
Formulation of a work plan and time schedule
Documentation of the research question and the sub-aspects worked on by writing a project
proposal
Presentation of the results in a lecture and scientific discussion

3 Learning Outcomes
The students

 know the basic questions of a current research area in which they have familiarised
themselves,
and are familiar with theoretical and/or experimental methods and working and
processing techniques for the research area.

 are experienced in the use of adequate tools and know the structure and composition of
scientific presentation and discussion.

 are able to combine the knowledge and skills acquired in their studies with questions of
current research and to use basic knowledge and the acquired methodology.

The students
 are able to present concrete questions in a presentation in English and to propose

solutions for a scientific approach as well as to describe the basics of the field in a
scientific style in English and

 are competent in the independent incorporation, documentation and presentation of
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topics from physics in English based on current research work using the skills acquired in
the course of study.

The students know the principles of good scientific practice.

4 Requirements for Participation
Proof of at least 37 credit points in the Master's degree programme in Particle Accelerator
Science

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, written / Presentation, Standard)

Graded subject examination in writing (Hand Out (JACOW conference report (3-5 pages)) and
oral presentation of the results (approx. 30 min)

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, written / Presentation, Weight: 100%,
Standard)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences Compulsory elective module Darmstadt

9 Literature
is specified by the professor for the specific topic

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General Examination
Regulations of Technische Universität Darmstadt dated 19.04.2004 in the currently valid version
(last amended and published in the Statutory Supplement 2023-VII of TU Darmstadt -
hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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Module Description

Module name

Practical Introduction to Scientific research (Frankfurt)
Module
no.
05-fm-5002

Credit Points
15 CP

Workload
450 h

Self-study
450 h

Duration
1 Semester

Frequency
Every semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. Holger Podlech

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

2 Study Content
 Getting acquainted with the subject area
Getting acquainted with the theoretical and/or experimental working techniques and tools
working on partial aspects
Formulation of a work plan and time schedule
Documentation of the research question and the sub-aspects worked on by writing a project
proposal
Presentation of the results in a lecture and scientific discussion

3 Learning Outcomes
The students

 know the basic questions of a current research area in which they have familiarised
themselves,
and are familiar with theoretical and/or experimental methods and working and
processing techniques for the research area.

 are experienced in the use of adequate tools and know the structure and composition of
scientific presentation and discussion.

 are able to combine the knowledge and skills acquired in their studies with questions of
current research and to use basic knowledge and the acquired methodology.

The students
 are able to present concrete questions in a presentation in English and to propose

solutions for a scientific approach as well as to describe the basics of the field in a
scientific style in English and

 are competent in the independent incorporation, documentation and presentation of
topics from physics in English based on current research work using the skills acquired in
the course of study.
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 The students know the principles of good scientific practice.

4 Requirements for Participation
Proof of at least 37 credit points in the Master's degree programme in Particle Accelerator
Science

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, written / Presentation, Standard)

Graded subject examination in writing (Hand Out (JACOW conference report (3-5 pages)) and
oral presentation of the results (approx. 30 min)

6 Requirements on the Award of Credit Points
passed examination

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, written / Presentation, Weight: 100%,
Standard)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences Compulsory elective module Frankfurt

9 Literature
is specified by the professor for the specific topic

10 Comment
Examinations and courses offered by Goethe University are subject to the Framework
Regulations for Tiered and Modularized Degree Programmes at Johann Wolfgang Goethe
University Frankfurt am Main dated 30 April 2014 in the version dated 15 July 2020 (hereinafter
referred to as RO Goethe University).
https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf

https://www.uni-frankfurt.de/159815515/novellierung-ro-2020.pdf
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Module Description

Module name

Specialization Introduction to Scientific research (Mainz)
Module no.
05-mz-
5003

Credit Points
15 CP

Workload
450 h

Self-study
390 h

Duration
1 Semester

Frequency
Every semester

Language of Instruction
English

Person responsible for the Module
Prof. Dr. rer. nat. Kurt Aulenbacher

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

05-mz-5003-
pr

Specialization Introduction to
Scientific research

0 Project
seminar

4

2 Study Content
A preliminary topic for the Master's thesis is formulated from the research project of an
experimental or theoretical or theoretical working group into which the student will familiarize
him/herself.

3 Learning Outcomes
The student will learn within a scientific working group

 the specialized knowledge required to complete the Master's thesis,
 the methods required to complete the Master's thesis and
 independent scientific work.

4 Requirements for Participation
Proof of at least 37 credit points in the Master's degree programme in Particle Accelerator
Science

5 Form of Examination
Final Module Examination:

  Module Examination (Technical Examination, Presentation, Duration 30 min, Standard)

6 Requirements on the Award of Credit Points
passed examination

Active participation: familiarization with the research project with at least one weekly
supervision meeting (according to the regulations of the University of Mainz: § 5 Abs. 3 und 5
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf)

https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
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Attendance is mandatory (according to the regulations of the University of Mainz: § 5 Abs. 3 und
5 https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf)

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, Presentation, Weight: 100%, Standard)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences Compulsory elective module Mainz

9 Literature
is specified by the professor for the specific topic

10 Comment
For examinations and courses offered by JGU, the regulations of Faculty 08 of Johannes
Gutenberg University Mainz for examinations in the Master's degree program in Physics of April
20, 2012 (StAnz. p. 1040 - hereinafter referred to as PO Physik JGU) apply in their current
version.
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf

https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
https://download.uni-mainz.de/verwaltung-sl/ordnungen/PO_MSc_Physik_aktuell.pdf
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Module Description

Module name

Master Thesis Particle Accelerator Science
Module
no.
05-64-
5026

Credit Points
30 CP

Workload
900 h

Self-study
900h

Duration
1 Semester

Frequency
Each. semester

Language of Instruction
Englisch

Person responsible for the Module
Dean of Studies of Department of Physics
TU Darmstadt

1 Courses of the Module

Course no. Course name Workload (CP) Form of
Teaching

Contact
Hours
per
Week

2 Study Content
Familiarization and preparation of a work plan on a topic in particle accelerator science.
Experimental and/or theoretical treatment of the topic, documentation of the results by
writing the Master's thesis

3 Learning Outcomes
The students

- know the basics of a current, usually research-related, in-depth question, know methods
for dealing with the questions at an advanced level and are familiar with adequate tools
for dealing with the topic, know the structure and composition of scientific papers and
elements of scientific presentation and discussion,

- are able to apply the knowledge and skills acquired during their studies to the concrete
scientific problem with the newly acquired methods and aids in order to work on the task
scientifically in the required breadth and depth, they are able to present the results in an
adequate form in writing and orally and to discuss them scientifically in English, and

- are competent in the independent research, documentation and presentation of
scientific topics from physics in English using the skills acquired in the study programme.

4 Requirements for Participation
Successfully completed one of the following modules

05-da-5001 "Practical Introduction to Scientific Research (Darmstadt)” or
05-fm-5002 “Practical Introduction to Scientific research (Frankfurt) or
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05-mz-5003 Specialization Introduction to Scientific research (Mainz)

5 Form of Examination
Final Module Examination:

 Final examination (Master Thesis Physics, oral (Duration 30 min)/ written
examination, weighting: 100%, Standard)

6 Requirements on the Award of Credit Points
Passed written examination (Master's thesis) and oral examination (presentation 30
minutes)

7 Grading
Final Module Examination:

  Module Examination (Technical Examination, oral / written Examination,
Weight: 100%, Standard)

8 Usability of the Module
RMU MSc Particle Accelerator Sciences – Compulsory module Darmstadt / Frankfurt /
Mainz

9 Literature
is specified by the professor for the specific topic

10 Comment
Examinations and courses offered by TU Darmstadt are subject to the General
Examination Regulations of Technische Universität Darmstadt dated 19.04.2004 in the
currently valid version (last amended and published in the Statutory Supplement 2023-
VII of TU Darmstadt - hereinafter referred to as APB). https://www.intern.tu-
darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf

https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb.pdf
https://www.intern.tu-darmstadt.de/media/dezernat_ii/ordnungen/apb-english.pdf
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