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State-of-the-art large research  
facilities and technologies:  
• World‘s largest X-ray laser European XFEL

• Free-electron laser FLASH

• Synchrotron radiation source PETRA III

Ecosystem for research innovation: 
• DESY Innovation Village

•  Start-up Labs Bahrenfeld (in cooperation  
with the University of Hamburg and FHH)

• DESY Innovation Factory (from 2025)

World-leading expertise in:  
• Research into matter

• Precision X-ray analytics

• Particle accelerators

• Laser and plasma technologies

Three clusters of excellence at the University  
of Hamburg, with strong DESY participation:
• “Advanced Imaging of Matter”

• “Quantum Universe”

• “Understanding Written Artefacts”

Its brilliant radiation sources and complex high-tech facilities make DESY one of the world’s leading 
particle accelerator centres. On its state-of-the-art campus, DESY conducts cutting-edge research  
and develops key technologies with partners such as the University of Hamburg, the Helmholtz Centre 
HEREON, the Max Planck Society and the European Molecular Biology Laboratory (EMBL), as well  
as interdisciplinary centres such as the Centre for Structural Systems of Biology (CSSB), the Centre  
for Free-Electron Laser Science (CFEL) and the Centre for X-ray and Nano Science (CXNS).

DESY.
The Decoding of Matter
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Research into medical drugs 

In order to develop drugs against new viruses and pathogens, scientists 

need to know the details of how they work on a molecular and cellular level. 

X-ray sources are a high-precision tool for studying this, and can be used to 

test specific candidate drugs. Thousands of substances can be meticulously 

screened in this way, something that still takes a lot of time today. The new 

facility will greatly speed up the search. Compared with today, the X-rays 

produced by PETRA IV will enable imaging procedures that are 100 times 

more detailed and 100 times faster. As a result, potential targets for drugs 

can be quickly identified.

Health research

DESY and its campus partners have already been  
successful in tackling Covid-19 at PETRA III: 

•  A research team used the PETRA III X-ray source to screen 

several thousand active substances for their potential suitability 

as Covid-19 drugs. In the process, they identified several 

substances that block an enzyme that is important for virus 

replication. Another research group identified a synthetic 

antibody that might be capable of neutralising the virus among 

hundreds of candidates. 

•  Using an X-ray method developed to study the brain, researchers 

managed to obtain extremely precise X-ray images at PETRA III of 

damaged heart and lung tissue taken from Covid-19 patients, 

thereby visualising the damage caused by Covid-19 in the 

vascular architecture of the organs. 

•  The Mainz-based company BioNTech is researching ways of 

improving the emerging class of RNA vaccines at PETRA III.

Image: Using X-rays to determine the structure of a protein: electrons 
(blue) from a particle accelerator are sent along a zig-zag course in 
a so-called undulator (left) consisting of magnets (green and violet). 
This causes them to emit X-rays (orange) which travel through a crys-
tal (centre) of biomolecules via an X-ray optical system. The crystal 
produces a characteristic diffraction pattern at the detector. From this 
diffraction pattern, the structure of the biomolecules being studied 
can be calculated at an atomic resolution (far right).  
Illustration: DESY, Cyprian Lothringer.

Full service with PETRA IV  

PETRA IV is a central element of the DESY research innovation 

ecosystem and plays a key role in the planned National Ana- 

lytical Centre. In order to accelerate the transfer of research 

results to companies and society in general, the future analytical 

needs of industry have been incorporated in both the design  

of PETRA IV and in the overall strategy for technology transfer. 

The following services are being established:

•  Optimal experimental conditions for industry research  

and development projects: time-saving, cost-efficient and 

convenient, for example through “remote operation”.

•  Individual beamlines precisely tailored to the needs of  

industrial customers. 

•  DESY provides support in booking beamtimes, in feasibility 

studies and in carrying out experiments, from the prepara- 

tions through to data evaluation.

•  Direct contact with experienced service scientists at DESY 

and the specialists from the various research institutions and 

companies represented at DESY.

Together with these services, the facility will simplify and 

speed up the implementation of experiments. Innovations 

such as new medicines, more efficient production processes 

and more sustainable, high-performance materials and 

products should be brought to the market more quickly, 

thereby benefitting society.

In the 2.3-kilometre-long storage ring PETRA, ultra-bright X-rays are generated by electrons moving along a 
circular path at almost the speed of light. These X-rays offers researchers working in areas ranging from medical 
research to nanotechnology excellent experimental opportunities. DESY is now planning to expand the PETRA III 
storage ring and turn it into the ultimate 3D X-ray microscope PETRA IV, whose analytical possibilities will be  
unparalleled anywhere in the world.

X-ray sources for research and innovation



Tailor-made materials  
When matter is abraded, it may be inhaled and enter the body in the form 
of particulates, which can be harmful to our health. In industry, machines 
wear out due to abrasion, leading to high maintenance costs. Researchers 
worldwide are therefore developing high-tech materials that are more 
resistant to wear, to protect people’s health and the environment. Virtually 
wear-free machines would bring about a paradigm shift, especially in 
mechanical engineering and space technology. In order to examine the 
materials in detail, PETRA IV will deliver sharp images of the abrasion 
process. The high image contrast makes abraded particles visible during 
their formation, something that is not possible with conventional imaging.

Alternatives to plastics   
Plastics are made from petroleum. They are diffi cult to recycle and they 
don’t just rot away. A more sustainable alternative is cellulose nano-
fi bres made from wood. These fi bres are the strongest natural fi bres 
by weight. They can be used for numerous applications – for example in 
textiles, packaging or as a matrix for solar cells. However, producing 
them is still complex and time-consuming because the fi bres are 10,000 
times thinner than a human hair. This will change with PETRA IV: maxi-
mum standardisation and automation of measurements and evaluation 
up to certifi cation in high-throughput measurement environments, 
means that results should arrive in practical applications more quickly.

Automotive and aviation industry 
Lightweight materials and additive production processes 
such as 3D printing are becoming increasingly important in 
building aircraft and cars. However, before manufacturers 
can use these new materials, they must fi rst be extensively 

Materials research

studied and tested. Measurements at PETRA III bring to light 
the tiniest defects, irregularities or cracks and at the same time 
answer the question where and why a material defect occurs 
at a microscopic level.

Storing energy   
X-rays produced by PETRA IV will reveal how the nanostructures in 
batteries change during operation. Over time, tiny metallic deposits 
form on the electrodes, which may grow and lead to defects. 
At PETRA IV, it will be possible to study such details during operation 
under real-life conditions, in order to develop functional materials 
for better batteries. Research at PETRA IV will thus support the 
transition towards a climate-neutral society.

“Sunny Cellulose” - window blinds produce electricity  
In many offi ces, the blinds are closed when the sun shines. In future, a 
new type of paper sunblind will generate electricity. The blinds are based 
on an innovative material made of nanocellulose fi bres that can be woven 
into large sheets. A functionalised nanolayer of polymer solar cells is 
applied to these. When this functional roller blind is pulled down, electricity 
begins to fl ow. The product should be easy to recycle and provide new 
inspiration for buildings and architecture. The project “Sunny Cellulose”, 
jointly run by the Royal Institute of Technology (KTH) Stockholm and DESY, 
is funded by the German Federal Ministry of Construction. The project is 
partnered by the Federal Association of German Garden Friends, in whose 
headquarters the novel high-tech blinds will be used for the fi rst time.
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