
 

HALOS Research Internship Programme 

Internship Proposal 
 

Title:  Designing tophat x-ray optics for future PETRA IV beamlines 

with wave propagation [03-DESY] 
 

Titel: Designing tophat x-ray optics for future PETRA IV beamlines with wave propagation simulations 

Name of Institution/Country: Deutsches Elektronon-Synchtrotron DESY, Hamburg, Germany  

Name of internship provider: Dr. Martin Seyrich, martin.seyrich@desy.de 

Proposed timeframe: A flexible timeslot of 8 – 12 weeks in the first half of 2022. 

Administrative contact person at the organisation: Christina Newiger, christina.newiger@desy.de 

Virtual/hybrid/on-site: On-site is preferred but not mandatory. 

 

Scientific research questions 

At DESY, we are currently planning PETRA IV, a new 4th generation synchrotron radiation source with 

world-leading brilliance in the hard X-ray regime. The properties of PETRA IV will allow us to focus X-

rays as efficient as never before, opening a large field of opportunities in the X-ray and Nano 

Sciences. 

Some applications of X-rays at PETRA IV (e.g. macromolecular crystallography) demand a uniform 

distribution of intensity in the X-ray focus, a so-called tophat beam. Tophat beams are of particular 

importance when measuring samples that are radiation-sensitive. Such samples are common in the 

life sciences. The even intensity distribution in the focused beam allows to extract the maximum 

information from the sample for a given dose, while Gaussian beams can overexpose the centre and 

underexpose the edges of a sample. 

Converting Gaussian beams into beams of constant intensity and variable size is a major challenge 

and can be achieved in many different ways. It is still unclear which variant is the most efficient and 

easiest to implement. Optics simulations of different optics concepts can provide insightful 

information. 

In this internship, the intern will explore different optical schemes to obtain such a uniform focus 

using wave propagation simulation software. The simulation software has a graphical user interface 

and does not require coding experience. This is a great opportunity to get insight and intuition in the 

fields of X-ray and wave optics. 

Experimental approach 

The work will consist in its majority in simulations performed on DESY’s High Performance Compute 

Cluster, with software co-developed by the internship supervisor. If the timeframe of the internship 

coincides with a suitable synchrotron experiment, the intern may also participate in that and gain 

practical synchrotron experience. 



 

Tasks of the intern 

In the first weeks of the internship, the intern will learn how to use the simulation software and the 

relevant physical background in personal training with the supervisor. The intern will also learn about 

the possible strategies to solve the research question. The intern is then free to explore different 

strategies and implement own ideas.  

The intern must document their results in a structured and professional manner. 

At the end of the internship, the intern will present their results in a short presentation to the 

research group. 

General information about the work group, the university and the region 

DESY is one of the world’s leading research centers for photon science, particle and astroparticle 

physics as well as accelerator physics. More than 2400 employees work at our two locations 

Hamburg and Zeuthen in science, technology and administration. 

The X-ray Nanoscience and X-ray Optics research group is headed by Prof. Christian Schroer, who is 

also the project leader of PETRA IV. The work of the group centers around the development and 

application of X-ray microscopy, from the development of novel optics and numerical algorithms to 

the engineering of new instruments and applications in various science cases, e.g. solar energy 

materials. 

Eligibility and qualification of the applicant. 

Candidates from all qualifying regions may apply. 

The candidate should be a student of physics or a related field, and they must possess basic 

knowledge of wave optics and Fourier transforms, such as is taught in undergraduate physics 

lectures. Knowledge of python is an optional asset. 

 

Availability of scholarship 

A scholarship for the student will be provided by DESY. It includes a stipend of 125 EUR per week and 

a lump sum travel allowance of 150 EUR.  

 


