
Champp
Center in hamburg for
astro-, Mathematical and
Particle physics

Lecture Course in the Quantum Universe Research School

Winter Term 2024/2025

Accelerator Physics I
Wolfgang Hillert

Course Description:

Particle accelerators play an essential role in material research, high en-
ergy, hadron and nuclear physics, and are meanwhile indispensable tools
serving various industrial and medical applications. In the course of re-
lated demanding challenges in accelerator operation and development,
accelerator physics emerged as a stand-alone field of applied physics. The
course will address this expanding and interesting research field on an
introductory level.
Lecture contents: functional principle of different types of particle acceler-
ators, layout and design of simple magneto-optic systems, radio frequency
engineering and technology for particle accelerators, linear transverse and
longitudinal beam dynamics.
The opportunity will be offered to exemplify and deepen the subject mat-
ter by detailed visits of the DESY accelerator complex and a 4 days scien-
tific excursion (typ. in September 2025) to European accelerator labs like
GSI, PSI and CERN.

Prerequisites:

Knowledge in electrodynamics.

Literature:

Will be discussed during the lecture.

Date and Place: Thu 13:45–15:15, SR 1083, Notkestr. 9, Bahrenfeld

Problem Classes: Thu 15:30–17:00, SR 1083, Notkestr. 9, Bahrenfeld

Starting on: 17 October 2024
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Advanced Particle Physics
Roman Kogler, Matthias Schröder

Course Description:

The course covers the Standard Model of particle physics and its limita-
tions, mostly from an experimenatal point of view. It includes the deriva-
tion of the Lagrangian of the Standard Model and explicit calculations of
cross sections and decay rates, and confronts predictions with experimen-
tal data. After an introduction into the Dirac theory, gauge symmetries,
conservation laws and Feynman diagrams we will discuss more advanced
topics like QED, QCD, electroweak unification and the Higgs mechanism.
The discussion is accompanied by experimental aspects, explaining the
major discoveries in the 20th and 21st century, for example the discov-
ery of the Higgs boson at the Large Hadron Collider (LHC) at CERN.
Some emphasis will be placed on the shortcomings of the Standard Model
and possible extensions. Exercises will include analytical calculations as
well as symbolic computational methods and numerical simulations on
the computer. By the end of the course, students will be familiar with the
concepts of elementary particle physics and understand the connection be-
tween theory and experiment on a quantitative level. The course is a basis
for more advanced lectures such as Quantum Field Theory or Experiments
on Physics beyond the Standard Model.

Prerequisites:

Physik V (Bachelor course on nuclear and particle physics)

Literature:

see list on STiNE

Date and Place: Tue, 09:15–10:45, SR 1083, Notkestr. 9, Bahrenfeld
Fri, 14:15–15:45, SR 1083, Notkestr. 9, Bahrenfeld

Problem Classes: Fri, 12:15–13:45 / 16:00–17:30, SR 4064, Notkestr. 9

Starting on: 15 October 2024
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General Theory of Relativity
G. Moortgat-Pick

Course Description:

This lecture will provide an introduction to the basics of the theory of gen-
eral relativity including applications such as black holes and cosmology.

The following topics will be covered:
• recapitulation of the theory of Special Relativity:

four-vector formalism, accelerated observers,
• manifolds and curved spaces,
• basics of tensors and differential forms,
• gravitation and Einstein’s field equations,
• the Schwarzschild solution and Black Holes,
• gravitational waves,
• cosmology: maximally symmetric spaces and the Friedmann–Robertson–

Walker metric.

Prerequisites:

Knowledge of theoretical physics on the level of a bachelor’s degree in
physics is strongly recommended. Basic knowledge of special relativity.

Literature:

B. Bahr, Tutorium Allgemeine Relativitätstheorie; T. Fließbach, Allgemeine Rel-
ativitätstheorie; J.B. Hartle, Gravity; C.W. Misner, K.S. Thorne, J.A. Wheeler,
Gravitation.

Date and Place: Wed, 09:15–10:45, 2, Building 2a, Bahrenfeld
Fri, 09:15–10:45, 2, Building 2a, Bahrenfeld

Problem Classes: Mon, 11:15–12:45 and 13:00–14:30, 2, Building 2a,
Bahrenfeld

Starting on: 16 October 2024
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Elliptic differential operators on compact
manifolds
Markus Röser

Course Description:

The aim of this course is to give some insight into the mathematical tools
that are used in the study of (gauge-theoretic) moduli spaces from a differ-
ential geometric point of view. First we will study Sobolev spaces and el-
liptic operators on compact manifolds in order to prove the Hodge decom-
position theorem. We will then apply the theory to study (gauge-theoretic)
moduli spaces and deformation problems.

Prerequisites:

Good knowledge of the foundations of differential geometry (manifolds,
vector bundles, connections). Some familiarity with operators on Hilbert
spaces is desirable but not strictly necessary.

Literature:

• Donaldson, Kronheimer The Geometry of Four-Manifolds, Oxford Math-
ematical Monographs, 1990

• Kobayashi, Differential Geometry of complex vector bundles, Princeton
University Press, 1987

• Lübke, Teleman, The Kobayashi-Hitchin Correspondence, World Scien-
tific, 1995

• Warner, Foundations of Differentiable Manifolds and Lie Groups, Springer
1983

Date and Place: Wed, 10:15–11:45, 208, Sedanstr. 19

Problem Classes: Biweekly on Tue, 16:15–17:45, 217, Sedanstr. 19

Starting on: 16 October 2024
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Experimental Astroparticle Physics
Caren Hagner, Dieter Horns

Course Description:

In this course we will present an overview on Astroparticle Physics with
emphasis on experimental and observational techniques. The main themes
of the lecture will be

• The high-energy universe: high-energy particle acceleration and prop-
agation.

• The multi-messenger universe: combining the observation of charged
particles, photons, neutrinos, and gravitational waves to explore com-
pact objects like black holes and neutron stars.

• The early universe: possible origin of particle dark matter
• The dark universe: searching for dark matter particles and dark mat-

ter waves
• Detection of neutrinos from the sun, from celestial objects, from cos-

mic rays
• Production and detection of neutrinos from reactors and beam dumps
• Neutrino oscillation and the mass of neutrinos

Prerequisites:

Recommended: Some background knowledge in Astrophysics and Parti-
cle Physics.

Literature:

• Reading material will be provided, mostly original papers and re-
views

• During the exercise, participants will be offered to present a talk or
write a review on a selection of current research topics.

Date and Place: Thu, 9:00–10:30, SR 3114, Notkestraße 9
Fri, 12:30–14:00, SR 3114, Notkestraße 9

Problem Classes: Thu, 10:45–12:15, SR 3114, Notkestraße 9

Starting on: 17 October 2024
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Heegaard Floer homology and applications
Jesse Cohen

Course Description:

Heegaard Floer homology is a suite of powerful invariants of 3-manifolds,
and cobordisms between them, constructed using symplectic geometric
techniques. These invariants also have variations for knots in 3-manifolds
— which one can think of as a highly information-rich refinement of the
Alexander polynomial — and for 3-manifolds with boundary. This course
will serve as an introduction to Heegaard Floer homology and its varia-
tions with an emphasis on applications and modern computational tech-
niques. Time permitting, we will also cover a combinatorial realization
of Heegaard Floer homology for manifolds with torus boundary as im-
mersed curves in the punctured torus.

Prerequisites:

basic algebraic and differential topology. Some knowledge of Morse the-
ory or symplectic geometry is helpful, but not required.

Literature:

No textbook required.

Date and Place: Mon, 10:15–11:45, H6, Geomatikum

Problem Classes: Mon, 14:15–15:45, 107, Sedanstr. 19

Starting on: 14 October 2024
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Introduction to High-Energy Astrophysics
Stephan Rosswog

Course Description:

High-energy astrophysics comprises a broad range of phenomena the ex-
planation of which covers a broad range of physical processes. Students
will learn about model-building, about order of magnitude estimates (which
are also very useful tools outside of astrophysics and an ability often sought
for by consulting companies) and they will learn how to integrate “small
scale physics problem solving” into the bigger astronomical picture.

Prerequisites:

Mandatory: Theoretical Physics I-III
Recommended: General Relativity, Astrophysical Gasdynamics

Literature:

Introduction to High-Energy Astrophysics , Rosswog & Brueggen, Cam-
bridge University Press, 2007

Date and Place: Tue, 10:00–13:00, 052, Building 69 Bahrendfeld

Problem Classes: Thu, 14:00–15:00, 052, Building 69 Bahrendfeld

Starting on: 15 October 2024
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Selected topics in Lorentzian Geometry
Melanie Graf

Course Description:

This is a 2 hour/week specialized lecture course (without exercises) in
Mathematics covering selected topics from Lorentzian Geometry. The top-
ics are not fully decided yet, but could include some of the following:

• Killing vector fields and static/stationary spacetimes
• Null Geometry
• Splitting theorems
If participants have any specific wishes, I can try to accommodate them.

Updated information might be found at
https://grafmelanie.wordpress.com/selected-topics-in-lorentzian-geometry/

in the future.

Prerequisites:

Solid knowledge of Differential Geometry (incl. at least local semi-Riemannian
geometry) from a Mathematics course and basic knowledge of Lorentzian
Geometry (from e.g. the course Riemannian and Lorentzian Geometry).
Depending on the final selection of topics some PDE theory and global
Riemannian geometry are helpful.

Literature:

• J. Beem, P. Ehrlich and K. Easley, Global Lorentzian Geometry, 2nd
ed., CRC Press, 1996

• B. O’Neill, Semi-Riemannian Geometry with Applications to Relativ-
ity, Academic Press, 1983

Additional literature will be consulted as needed.

Date and Place: Fri, 14:15–15:45, H4, Geomatikum

Starting on: 18 October 2024

https://grafmelanie.wordpress.com/selected-topics-in-lorentzian-geometry/
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Quantum Field Theory I
Timo Weigand

Course Description:

This course offers an introduction to the basic concepts of relativistic
Quantum Field Theory, the central framework for the formulation of mod-
ern theories in both particle physics and cosmology. It understands funda-
mental particles as quantum excitations of fields in a relativistic spacetime,
thus combining the key ideas of Quantum Theory and Special Relativity.

The content of the course is structured as follows:
(1) Canonical quantisation of the free scalar field
(2) Perturbation theory and interactions for scalar fields
(3) Canonical quantisation of the Spin 1/2 field
(4) Quantum Electrodynamics: Tree-level and 1-loop renormalisation

Prerequisites:

Theoretical Classical Mechanics
Theoretical Electrodynamics and Special Relativity
Theoretical Quantum Mechanics

Literature:

Peskin, Schröder: An introduction to Quantum Field Theory, ABP 1995
Schwartz: Quantum Field theory and the Standard Model, Cambridge
2014
Itzykson, Zuber: Quantum Field Theory, Dover 1980
Weinberg: Quantum Field Theory I, Cambridge 1995
Banks: Modern Quantum Field Theory, Cambridge 2008
Srednicki: Quantum Field Theory, Cambridge 2007

More information will be provided on the course Moodle page.

Date and Place: Wed, 11:45–12:45, Lecture Hall, Building 61, Bahrenfeld
Thu, 09:00–10:30, Lecture Hall, Building 61, Bahrenfeld

Problem Classes: Mon, 09:15–10:45, 2, Building 2a, Bahrenfeld
Tue, 13:30–15:00, Hörsaal, Building 61, Bahrenfeld

Starting on: 16 October 2024
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Quantum Mechanics II
Jan Louis

Course Description:

• Scattering theory
• Symmetries and group theory in quantum theory
• Relativistic field equations
• Quantization of (non-) relativistic systems with an infinite number of de-

grees of freedom

Prerequisites:

Lecture course Quantum Mechanics I

Literature:

• S. Weinberg, Quantum Mechanics, Cambridge University Press, 2015
• F. Schwabl, Quantenmechanik für Fortgeschrittene, Springer, 2008.

(A more extensive list of references will be given in the course.)

Date and Place: Tue, 11:00 - 12:30, Hörsaal, Building 61, Bahrenfeld
Thu, 10:45 - 12:15, Hörsaal, Building 61, Bahrenfeld

Problem Classes: Thu, 12:30 - 14:00 / 14:15 - 15:45, 1076, Notkestraße 9

Starting on: 15 October 2024
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Ricci Flow - an introduction
Shubham Dwivedi

Course Description:

Right from its introduction by Hamilton in 1982, the Ricci flow has found
applications in both geometry and topology. Perhaps the crowning achieve-
ment of the Ricci flow is the proof of the Poincaré conjecture or more gen-
erally the proof of the Thurston’s Geometrization conjecture by Perelman.
This course intends to be an introduction to the Ricci flow and to study
many of its properties and applications. A detailed (preliminary) discus-
sion of topics is outlined below. If the response will be good, then there
could also be a ”Part 2” of the course which probably will cover those
results of Perelman which won’t be covered in the first part.

Topics to be covered (the topics marked with * might be covered if there
is interest among the participants.)
(1) Basics of Riemannian geometry and Ricci calculus with emphasis on

calculations in local coordinates.
(2) Basics on Partial Differential Equations with a focus on parabolic PDEs;

existence of solutions to such PDEs.
(3) Introduction to the Ricci flow.
(4) Short time existence using the DeTurck’s trick.
(5) Evolution equations of intrinsic geometric quantities along the flow.
(6) Uhlenbeck’s trick: evolution of the Riemann curvature tensor; Hamil-

ton’s theorem on positivity of Riemann curvature being preserved.
(7) Curvature estimates and long time existence.
(8) Vector bundle maximum principles; curvature pinching estimates and

Hamilton–Ivey pinching estimate.
(9) Ricci flow in two dimensions. (Hamilton and Ivey’s results on all

compact Ricci solitons being gradient*)
(10) Li–Yau Harnack inequality and Hamilton’s Harnack estimates for the

Ricci flow. (Chow–Chu’s approach to Hamilton’s Harnack estimates
using the space-time approach*)

(11) Ricci solitons item Ricci flow as a gradient flow: Perelman’s F and W
functionals and their monotonicity.



2 (12) Perelman’s No Local Collapsing theorem (proof of Hamilton’s little
loop conjecture.)

(13) Logarithmic Sobolev inequalities.
(14) Overall idea of Perelman’s proof of the Thurston’s Geometrization

Conjecture.
The aforementioned topics are much more than what we’ll actually be able
to cover in the course.

Prerequisites:

The target audience is Bachelors and Masters’s students and PhD students
so only basic knowledge of Riemannian geometry and analysis (especially
PDEs) will be very beneficial.

Literature:

There are excellent introductions to the subject of the Ricci flow and the
materials presented in the class will be followed from the references men-
tioned below. In particular, [2], [1] and [10] are good sources for self-study
as well.

REFERENCES

[1] Bennett Chow, Peng Lu, and Lei Ni, Hamilton’s Ricci flow, Graduate Studies in Math-
ematics, vol. 77, American Mathematical Society, Providence, RI; Science Press Bei-
jing, New York, 2006.

[2] Bennett Chow and Dan Knopf, The Ricci flow: an introduction, Mathematical Surveys
and Monographs, vol. 110, American Mathematical Society, Providence, RI, 2004.

[3] Bennett Chow, Sun-Chin Chu, David Glickenstein, Christine Guenther, James Isen-
berg, Tom Ivey, Dan Knopf, Peng Lu, Feng Luo, and Lei Ni, The Ricci flow: techniques
and applications. Part I, Mathematical Surveys and Monographs, vol. 135, American
Mathematical Society, Providence, RI, 2007. Geometric aspects.

[4] Bennett Chow and Sun-Chin Chu, A geometric interpretation of Hamilton’s Harnack
inequality for the Ricci flow, Math. Res. Lett. 2 (1995), no. 6, 701–718.

[5] Richard S. Hamilton, Three-manifolds with positive Ricci curvature, J. Differential
Geometry 17 (1982), no. 2, 255–306.

[6] Richard S. Hamilton, The formation of singularities in the Ricci flow, Surveys in dif-
ferential geometry, Vol. II (Cambridge, MA, 1993), 1995, pp. 7–136.

[7] Richard S. Hamilton, Four-manifolds with positive curvature operator, J. Differential
Geom. 24 (1986), no. 2, 153–179.

[8] Richard S. Hamilton, The Harnack estimate for the Ricci flow, J. Differential Geom. 37
(1993), no. 1, 225–243.

[9] Richard S. Hamilton, A compactness property for solutions of the Ricci flow, Amer. J.
Math. 117 (1995), no. 3, 545–572.

[10] Peter Topping, Lectures on the Ricci flow, London Mathematical Society Lecture Note
Series, vol. 325, Cambridge University Press, Cambridge, 2006.

[11] Bruce Kleiner and John Lott, Notes on Perelman’s papers, Geom. Topol. 12 (2008), no.
5, 2587–2855.

[12] Huai-Dong Cao and Xi-Ping Zhu, A complete proof of the Poincaré and geometriza-
tion conjectures— application of the Hamilton-Perelman theory of the Ricci flow,
Asian J. Math. 10 (2006), no. 2, 165–492.

[13] John Morgan and Gang Tian, Ricci flow and the Poincaré conjecture, Clay Mathemat-
ics Monographs, vol. 3, American Mathematical Society, Providence, RI; Clay Mathe-
matics Institute, Cambridge, MA, 2007.

[14] Grisha Perelman, The entropy formula for the Ricci flow and its geometric appli-
cations, arXiv Mathematics e-prints (November 2002), math/0211159, available at
math/0211159.

Date and Place: Tue 10:15–11:45, SR 221, Sedanstr. 19

Problem Classes: Tue 12:15–13:45, SR 205, Sedanstr. 19

Starting on: 15 October 2024
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Stellar structure and evolution
Thomas Kupfer

Course Description:

How do stars form and how do they evolve? What are the major energy
sources that power stars, and what happens when the energy reservoir
has finished? And how do “old” stars regulate the formation of newer
generations of stars? The goal of this course will be to understand stel-
lar structure and evolution using known laws of physics. We will build on
the theory of stars and use observations to test those theories. Overall, this
course will cover all the basics and a few advanced topics in stellar evo-
lution. It will be based on the online-only textbook by Onno Pols, ”Stellar
Structure and Evolution” as well as “Stellar Structure and Evolution” by
Kippenhahn, Weigert and Weiss.

Prerequisites:

While not strictly required, it is definitely helpful to be aware some ba-
sic concepts taught in a BSc introductory astronomy course. The course
language is English.

Literature:

Main book: Stellar Structure and Evolution - Authors: Onno Pols. Avail-
able online: https://www.astro.ru.nl/˜onnop/education/stev_
utrecht_notes/
For more details: Stellar Structure and Evolution by Rudolf Kippenhahn,
Alfred Weigert, Achim Weiss

Date and Place: Wed, 10:00–11:30, 1076, Notkestraße 9
Thu, 10:00–10:45, 1076, Notkestraße 9

Problem Classes: Thu, 10:45–11:30, 1076, Notkestraße 9

Starting on: 23 October 2024

https://www.astro.ru.nl/~onnop/education/stev_utrecht_notes/
https://www.astro.ru.nl/~onnop/education/stev_utrecht_notes/
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Symplectic Geometry
Janko Latschev

Course Description:

The aim of this course is to give an introduction to modern symplectic ge-
ometry. We will start from linear symplectic geometry and follow with the
discussion of basic properties of symplectic and contact manifolds (and
their relation). We then move on to discuss some of the typical questions
and the methods which can be used to address them, most notably holo-
morphic curves.

Prerequisites:

Working knowledge of basic topology and of smooth manifolds.
Differential geometry and algebraic topology are also helpful.

Date and Place: Tue, 14:15–15:45, H6, Geomatikum
Wed, 12:15–13:45, H4, Geomatikum

Problem Classes: Wed, 16:15–17:45, 205, Sedanstraße 19

Starting on: October 15, 2024
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Theory of Distributions
Melanie Graf

Course Description:

The Theory of Distributions, developed by Laurent Schwartz, allows for
the rigorous treatment of objects such as Dirac’s delta function, which are
fundamental in physics and engineering, and offers a powerful tool in the
analysis of partial differential equations. We will cover basic concepts of
the theory, such as definitions and fundamental properties of distributions
and test function spaces as well as operations with distributions (differ-
entiation, convolution, Fourier transform etc.). If time permits I hope to
finish the course with the Malgrange-Ehrenpreis theorem stating that any
linear PDE with constant coefficients posses a fundamental solution. De-
pending on the interest of participants and the progress we may also cover
some Sobolev space theory or wave front sets.

Prerequisites:

Background in Mathematics equivalent to at least Analysis 1-3, Linear Al-
gebra 1-2 and Functional Analysis, some complex analysis would also be
good; Students coming from Physics are welcome but should appreciate
mathematical precision/rigour and be comfortable with reading and writ-
ing proofs

Literature:

• Friedlander, Joshi: Introduction to the Theory of Distributions
• Lecture notes by M. Kunzinger: https://www.mat.univie.ac.
at/˜mike/teaching/ss19/distributions.pdf

Date and Place: Mon, 16:15–17:45, H5, Geomatikum
Thu, 16:15–17:45, H3 / H5, Geomatikum

Problem Classes: Tue, 12:15–13:45, 142, Geomatikum

Starting on: 14 October 2024

https://www.mat.univie.ac.at/~mike/teaching/ss19/distributions.pdf
https://www.mat.univie.ac.at/~mike/teaching/ss19/distributions.pdf

