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I am a professor for theoretical particle physics at RWTH Aachen University.

My main research field is to understand and predict phenomena at particle colliders. Within the last few years, I have been
mostly interested in the physics of Higgs bosons in and beyond the Standard Model. Recently, I have also become interested
in improving the connection between the perturbative and the lattice approach to quantum field theory through the
gradient-flow formalism.

The menu on the left should help you navigate through this page. In particular, you can find a Brief CV, and details about
my Research and Teaching activities.

It is important to try to convey some of our excitement about physics to the general public, high-school students, or
politicians. As you can see in the Outreach section of this page, I have been quite active in this field. If you are interested in
organizing an outreach activity (public lecture, information for high-school students etc.), feel free to contact me.

Most of the time, you will know where I am by clicking the Conferences item.
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LHC and Philosophy 1 am 3 professor for theoretical particle physics at RWTH Aachen University.

PTH My main research field is to understand and predict phenomena at particle colliders. Within the last few years, I have been
mostly interested in the physics of Higgs bosons in and beyond the Standard Model. Recently, I have also become interested
DFG RTG in improving the connection between the perturbative and the lattice approach to quantum field theory through the

gradient-flow formalism.

The menu on the left should help you navigate through this page. In particular, you can find a Brief CV, and details about
my Research and Teaching activities.

It is important to try to convey some of our excitement about physics to the general public, high-school students, or
politicians. As you can see in the Outreach section of this page, I have been quite active in this field. If you are interested in
organizing an outreach activity (public lecture, information for high-school students etc.), feel free to contact me.

Most of the time, you will know where I am by clicking the Conferences item.
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Bachelor Topics for summer term 2026

Click on the titles to see more details.
To discuss in person, meet me in my office on Monday, 26 January 2026, at 11am.

To apply, follow the instructions here, where you can also find topics from the other members of our institute.

» The flavor structure of Effective Field Theories

» Effective Field Theories and Birdtrack diagrams

» Consistency relations in the gradient-flow formalism

» Understanding Feynman diagrams in a playful way

last updated on Jan 19, 2026 by RH
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Click on the titles to see more details.
To discuss in person, meet me in my office on Monday, 26 January 2026, at 11am.

To apply, follow the instructions here, where you can also find topics from the other members of our institute.

v The flavor structure of Effective Field Theories

What determines the hierarchy of the particle masses? Is there an underlying mechanism that relates the flavor and the
mass eigenstates of the fermions? These and similar questions on the flavor structure are left completely unanswered by
the Standard Model.

If there is an explanation for this structure, it should be reflected in higher-dimensional operators of effective field
theories. The software tool AUtoEFT provides the basis for exploring such structure on a systematic level with the help of
so-called spurions.

In this project, you are going to study the concept of spurions which allows one to impose a certain flavor symmetry on the
effective field theory. Given a certain set of spurions, you are going to construct invariants under this flavor symmetry,
ensuring the absence of redundant structures.

You will learn the physical and mathematical concepts of Effective Field Theories and the associated theoretical tools like
group theory and representations.

» Effective Field Theories and Birdtrack diagrams

» Consistency relations in the gradient-flow formalism
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Flavor structures in Effective Field Theories

Standard Model:
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Bachelor Topics for summer term 2026

Click on the titles to see more details.
To discuss in person, meet me in my office on Monday, 26 January 2026, at 11am.

To apply, follow the instructions here, where you can also find topics from the other members of our institute.

v The flavor structure of Effective Field Theories

What determines the hierarchy of the particle masses? Is there an underlying mechanism that relates the flavor and the
mass eigenstates of the fermions? These and similar questions on the flavor structure are left completely unanswered by
the Standard Model.

If there is an explanation for this structure, it should be reflected in higher-dimensional operators of effective field
theories. The software tool AUtoEFT provides the basis for exploring such structure on a systematic level with the help of
so-called spurions.

In this project, you are going to study the concept of spurions which allows one to impose a certain flavor symmetry on the
effective field theory. Given a certain set of spurions, you are going to construct invariants under this flavor symmetry,
ensuring the absence of redundant structures.

You will learn the physical and mathematical concepts of Effective Field Theories and the associated theoretical tools like
group theory and representations.

» Effective Field Theories and Birdtrack diagrams

» Consistency relations in the gradient-flow formalism

LMMLMMh_&_—b@J IIIIII




O 722' S @ Home Page (Robert Harland X @ Bachelor Topics (Robert Har!: X + v
C m 2% web.physik.rwth-aachen.de/user/harlander/teaching/bachelor/topics/ Yk g Bl G
[ Charlotte [J Local Files [J Students [J Mail [ GIT [3J RWTH |§ Google Docs 3 All Bookmarks
Institute for Theoretical Particle Physics and Cosmology phone: +49-241-80-27045
RObel‘t Ha I‘Ia ndel‘ Faculty of Mathematics and Natural Sciences fax: +49-241-80-22187
RWTH Aachen University harlander(at)physik.rwth-aachen.de
52056 Aachen, Germany Office: 28A414, Campus Melaten

Brief CV
Research
Teaching
Outreach
Conferences
Software

Press

LHC and Philosophy
PTH

DFG RTG

Bachelor Topics for summer term 2026

Click on the titles to see more details.
To discuss in person, meet me in my office on Monday, 26 January 2026, at 11am.
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» The flavor structure of Effective Field Theories

» Effective Field Theories and Birdtrack diagrams

» Consistency relations in the gradient-flow formalism

» Understanding Feynman diagrams in a playful way
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Click on the titles to see more details.
To discuss in person, meet me in my office on Monday, 26 January 2026, at 11am.

To apply, follow the instructions here, where you can also find topics from the other members of our institute.

» The flavor structure of Effective Field Theories

v Effective Field Theories and Birdtrack diagrams

Effective Field Theories (EFTs) describe physics beyond the Standard Model by including additional operators in the
Lagrangian. AuUtoEFT is a program, developed within our group, that can construct independent sets of these EFT
operators. The basis as well as the representation of the operators is not unique though, and AutoEFT currently makes a
specific choice.

The goal of this thesis is to develop an algorithm that can translate EFT operators between different representations. One
way to do this is to visualize the operators using Birdtrack diagrams. These diagrams make it much easier to understand
the structure of the operators and to simplify them.

Finally, the algorithm should be implemented as a computer program.
You will learn:

e The basic concepts of Effective Field Theories
e How Birdtrack diagrams can be used to describe tensor contractions

» Consistency relations in the gradient-flow formalism
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» The flavor structure of Effective Field Theories

» Effective Field Theories and Birdtrack diagrams

» Consistency relations in the gradient-flow formalism

» Understanding Feynman diagrams in a playful way
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Research Click on the titles to see more details.

Teaching To discuss in person, meet me in my office on Monday, 26 January 2026, at 11am.

Outreach To apply, follow the instructions here, where you can also find topics from the other members of our institute.
Conferences » The flavor structure of Effective Field Theories

Software » Effective Field Theories and Birdtrack diagrams

Press v Consistency relations in the gradient-flow formalism

LHC and Philosophy The gradient-flow formalism provides a way relate perturbative calculations to lattice calculations in QCD. The flow

equations provide additional relations beyond the usual field equations on the flowed fields. They can be used to derive
PTH non-trivial relations among observables

DFG RTG In this project, you will derive such relations for simple observables and verify them by doing explicit calculations.
You will learn:

e The general method of the gradient flow.
e Approaches to calculating non-standard Feynman integrals.

» Understanding Feynman diagrams in a playful way
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Press v Consistency relations in the gradient-flow formalism

LHC and Philosophy The gradient-flow formalism provides a way relate perturbative calculations to lattice calculations in QCD. The flow

equations provide additional relations beyond the usual field equations on the flowed fields. They can be used to derive
PTH non-trivial relations among observables

DFG RTG In this project, you will derive such relations for simple observables and verify them by doing explicit calculations.
You will learn:

e The general method of the gradient flow.
e Approaches to calculating non-standard Feynman integrals.

» Understanding Feynman diagrams in a playful way
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Research Click on the titles to see more details.

Teaching To discuss in person, meet me in my office on Monday, 26 January 2026, at 11am.

Outreach To apply, follow the instructions here, where you can also find topics from the other members of our institute.
Conferences » The flavor structure of Effective Field Theories

Software » Effective Field Theories and Birdtrack diagrams

Press » Consistency relations in the gradient-flow formalism

LHC and Philosophy v Understanding Feynman diagrams in a playful way

PTH FeynGame is a tool to learn about the concept of Feynman diagrams in a playful way. It allows to easily produce high-
quality images of Feynman diagrams. In this project, you will develop a new game to for FeynGame.

DFG RTG
You will learn:

e The algorithmic structure of Feynman diagrams.
Requirements:

e Interest in Feynman diagrams.
e Possibly some affinity to computer programming.
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This video shows you how easy it is to draw Feynman diagrams with FeynGame. Starting with a simple tree-level diagram, we can add loops, curve
lines, choose different line styles, fine tune the shape, etc. Fe
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