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“Neutrino  
research calls  
for patience”
Anna Nelles, DESY

Antennas in the ice
A pioneering project listens for cosmic neutrinos in Greenland’s glacier

I
n Greenland’s ice sheet, a setup 

unlike any other in the world 

will in future be listening for 

extremely elusive particles 

from space. The Radio Neutrino 

Observatory Greenland (RNO-G) is 

a pioneering project that relies on a 

new method of detecting very-high-

energy cosmic neutrinos using radio 

antennas, which are being installed 

on and in the ice. 

“Neutrinos are extremely 

elusive, ultralight elementary 

particles,” explains DESY physicist 

Anna Nelles, one of the initiators 

of the project. “These particles are 

created in vast quantities in space, 

especially during high-energy 

processes like those that take place 

in cosmic particle accelerators. But 

they are very difficult to detect 

because they hardly ever react with 

matter. From the sun alone, some 

60 billion neutrinos pass completely 

unnoticed through a speck on 

Earth the size of a fingernail – every 

second.” 

The ultralight elementary 

particles are sometimes called 

ghost particles because they have 

no trouble passing straight through 

walls, the Earth and even entire 

stars. “This property makes them 

interesting for astrophysicists 

because they can be used to look 

inside exploding stars or merging 

neutron stars, for example, from 

which no light can reach us,” 

explains Nelles, who is also a 

professor at Friedrich-Alexander 

Universität Erlangen-Nürnberg. 

“Also, neutrinos can be used to 

track down natural cosmic particle 

accelerators.” These include, for 

instance, supernova remnants and 

gigantic black holes at the heart of 

distant galaxies. 

Faster than light

On extremely rare occasions, 

however, a neutrino does in fact 

interact with matter when it happens 

to bump into an atom as it passes 

6
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Installation in the glacier

DESY scientists Christoph Welling (l.) with a deep 

antenna and Ilse Plaisier (r.) with a surface antenna. 

The deep antennas are sunk through boreholes around 

100 metres deep into the ice sheet. The stations operate 

autonomously with solar panels and are connected with 

each other via a wireless network.  
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The first station of the  

Radio Neutrino Observatory 

on the Greenland ice. The 

red flags mark underground 

antennas powered  

by solar panels. 

consortium, including DESY, has 

installed around 5000 sensitive 

optical detectors to depths of several 

kilometres inside the ice. These 

so-called photomultipliers are 

distributed over an entire cubic 

kilometre of ice, hence the name of 

the experiment. 

IceCube has already succeeded 

in making some spectacular obser-

vations of neutrinos arriving from 

the vicinity of a gigantic black hole 

or a shattered star, for example, and 

has thus opened a new window 

on the cosmos: In addition to 

electromagnetic radiation, such 

as light, and gravitational waves, 

neutrinos are a third, independent 

method of observing the cosmos. 

Pandemic challenges 

In addition to Cherenkov light, 

however, the charged secondary 

particles of cosmic neutrinos also 

produce radio waves in the ice, 

which can be picked up by antennas. 

That is the goal of RNO-G. “The 

advantage of using radio waves 

is that ice is fairly transparent to 

them,” explains DESY physicist 

Christoph Welling, who set up the 

first antennas in Greenland with 

the pioneering team. “This means 

we can detect radio signals over 

distances of several kilometres.” 

The greater the range, the 

larger the volume of ice that can 

be monitored, and the greater the 

chances of detecting one of the rare 

neutrino collisions. “RNO-G will be 

the first large-scale radio neutrino 

detector,” says Welling. Previous 

smaller-scale experiments have 

already shown that it is indeed 

possible to use radio waves to detect 

cosmic particles.

 RNO-G comprises a total of 

35 antenna stations, each 1.25 kilo-

metres apart, around Summit 

Station on the mighty Greenland ice 

sheet. The indi vidual stations can 

operate autonomously, powered 

through – in the Greenland ice 

sheet, for instance. Such rare 

collisions produce an avalanche of 

secondary particles, many of which 

are electrically charged, unlike the 

neutrino. These secondary particles 

are so energetic that they travel 

through the ice faster than light 

can – though not faster than light in 

a vacuum, the absolute speed limit 

according to Albert Einstein. This 

creates a kind of optical equivalent 

to the sonic boom: the so-called 

Cherenkov light, which appears as a 

bluish glow.

At the other end of the world, 

at the South Pole, the IceCube 

neutrino detector is looking out for 

this blue glow in the Antarctic ice in 

order to detect neutrinos from the 

depths of space. An inter national 

femto 02/21
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“A very promising way 
of opening this new 
window to the cosmos 
even further”
Christian Stegmann, DESY Director in charge of Astroparticle Physics

Summit Station is located  

in the middle of the  

Greenland ice sheet. 

by solar panels, and are connected 

with each other via a wireless 

network. 

The installation work was a 

particular logistical challenge in 

pandemic times: The members of 

the teams come from all over the 

world – in addition to DESY, more 

than a dozen partners are involved 

in the pioneering project, such as 

the University of Chicago, Vrije 

Universiteit Brussel, Penn State 

University and the University of 

Wisconsin-Madison – and people 

had to spend several weeks in 

quarantine at various locations 

before arriving at Summit Station to 

avoid introducing the coronavirus. 

The energy of a squash ball

RNO-G will remain on the Green land 

ice sheet for at least five years. In 

addition to providing new insights 

into the cosmos, the findings in 

the Arctic also offer interesting 

perspectives for the planned 

expansion of the Antarctic neutrino 

telescope into IceCube Generation 2 

(IceCube-Gen2), for which, among 

other things, 12 000 additional 

detector spheres are to be sunk 

into the ice. 

“Detecting radio signals from 

high-energy neutrinos is a very 

promising way of significantly 

increasing the energy range we can 

access and thus opening this new 

window to the cosmos even further,” 

says Christian Stegmann, DESY’s 

Director in charge of Astroparticle 

Physics. “We are pursuing this path 

with initial test setups in Greenland 

and will then go on to install radio 

antennas at the South Pole as part 

of IceCube-Gen2.”

The glowing blue light from 

the secondary particles cannot be 

tracked over such long distances in 

the ice as the radio waves. However, 

the photomultipliers make up 

for this by responding to cosmic 

neutrinos with lower energies. “The 

higher the energy, the rarer the 

neutrinos become, which means 

you need larger detectors,” explains 

DESY scientist Ilse Plaisier, who is 

also a member of the installation 

team in Greenland. “The two 

systems complement each other 

perfectly: IceCube’s grid of optical 

detectors registers neutrinos with 

energies of up to about a quadrillion 

electron volts, while the array of 

radio antennas will be sensitive to 

energies from about ten quadrillion 

to a hundred quintillion electron 

volts.” The electron volt is an energy 

unit widely used in particle physics. 

One hundred quintillion electron 

volts roughly corresponds to the 

energy of a hard-hit squash ball 

travelling at 130 kilometres per 

hour – but in the case of a neutrino, 

that energy is concentrated in a 

single subatomic particle that is a 

quintillion quintillion times lighter 

than a squash ball.

It could take months or even 

years, though, before the antennas 

in Greenland record a signal. “Neu-

trino research calls for patience,” 

explains Nelles. “Capturing high-

energy neutrinos is an incredibly 

rare event. But when you do catch 

one, it reveals an enormous amount 

of information.”  

RNO-G website:  

https://radio.uchicago.edu P
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At around 80 degrees Celsius, 

the proteins form a tightly 

meshed, opaque network. 

The egg in the X-ray beam
Innovative time-resolved method reveals network formation by and dynamics of proteins

E
ggs are among the most 

versatile food ingredients. 

They can take the form of 

a gel or a foam, they can 

be comparatively solid and also 

serve as the basis for emulsions. 

At about 80 degrees Celsius, egg 

white becomes solid and opaque. 

This is because the proteins in 

the egg white form a network 

structure when heated. Using DESY’s 

X-ray source PETRA III, a team of 

researchers from the universities 

of Tübingen and Siegen has now 

investigated exactly how this 

happens. 

The study reveals how the 

proteins in the white of a chicken 

egg unfold and cross-link with each 

other to form a solid structure when 

heated. The innovative method can 

be of interest to the food industry as 

well as to the broad field of protein 

analysis, as research leader Frank 

Schreiber from Tübingen points out.  

Commercial chicken egg

Studying the exact molecular 

structure of egg white calls for 

energetic radiation, such as 

X-rays, which is able to penetrate 

the opaque egg white and has a 

wavelength that is no longer than 

the structures being examined.

“To understand the structural evolu-

tion in detail, you have to study the 

phenomenon on the micrometre 

scale,” explains lead author Nafisa 

Begam from Schreiber’s team. 

For their experiments, the 

scientists used a chicken egg from a 

supermarket and filled the egg white 

into a quartz tube with a diameter 

of 1.5 millimetres. “Inside, the egg 

white was heated in a controlled 

manner while we analysed it with 

the help of the X-rays,” explains 

co-author Fabian Westermeier 

from DESY. “The X-ray beam was 

expanded to 0.1 by 0.1 millimetres 

to keep the radiation dose below 

the damage threshold of the protein 

structures.” 

Dynamics of biomolecules

The measurements reveal the 

protein dynamics in the egg white 

over a period of about a quarter 

of an hour. During the first three 

minutes, the protein network grew 

exponentially, reaching a plateau 

after about five minutes, after 

which hardly any more protein 

links were formed. At this time, the 

average mesh size of the protein 

network was about 0.4 micrometres 

(thousandths of a millimetre). 

In a second study, the team 

investigated the self-organisation of 

protein solutions into domains with 

high and low protein concen tration, 

respectively, as an example of 

structure formation in cell biology. 

In the process, the researchers were 

able to follow the temperature-

dependent dynamics over time. 

“At high protein concentration, 

mobility decreases, which slows 

down the phase separation. This is 

important for the special dynamics 

of the system,” reports lead author 

Anita Girelli from Schreiber’s group. 

The cooperation of the groups 

of Schreiber from Tübingen and 

Christian Gutt from Siegen used 

so-called X-ray photon correlation 

spectroscopy (XPCS) in a specific 

geometry for their studies, enabling 

them to determine the structure 

and the dynamics of the proteins in 

the egg white simultaneously.

These studies not only 

reveal new details about the 

structural changes occurring in 

egg whites, but also prove the 

experimental concept, which can 

be used for other samples too, as 

Schreiber explains: “The successful 

application of X-ray photon correla-

tion spectroscopy opens up a new 

way to study the dynamics of 

biomolecules, which is essential 

if we are to understand them 

properly.” 

Physical Review Letters,  

DOI: 10.1103/PhysRevLett.126.098001 

and 10.1103/PhysRevLett.126.138004
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T
he chemical industry 

would be inconceivable 

without catalysts: They 

save energy and make 

many production processes possible 

in the first place. From fertiliser 

manufacturing to the production 

of plastics, catalysts are of huge 

economic importance. “In spite 

of their widespread use and great 

importance, we are still ignorant 

of many important details of just 

how the various catalysts work,” 

explains DESY researcher Andreas 

Stierle, head of the DESY NanoLab. 

“That’s why we have long wanted to 

study real catalyst materials while 

in operation.” 

This is not easy because, in 

order to make the active surface as 

large as possible, catalyst materials 

are typically used in the form of 

tiny nanoparticles, and the changes 

that affect their activity occur on 

their surface. Using high-intensity 

X-rays, a research team led by 

Stierle has been able to observe 

a single catalyst nanoparticle at 

work. The experiment has revealed 

for the first time how the chemical 

composition of the surface of an 

individual nanoparticle changes 

under reaction conditions, making 

it more active. The study marks an 

important step towards a better 

understanding of real, industrial 

catalytic materials.

Catalysts are materials that 

promote chemical reactions without 

being consumed themselves. A very 

well-known example is the catalytic 

converters installed in the exhaust 

systems of cars. These contain 

precious metals such as platinum, 

rhodium and palladium, which 

enable the conversion of highly toxic 

carbon monoxide (CO) into carbon 

dioxide (CO2) and the reduction of 

nitrogen oxides (NOx). The team from 

the DESY NanoLab has developed 

a technique for labelling individual 

nanoparticles and thereby identi-

fying them in a sample. 

Detailed image

“For the study, we grew nanoparticles 

of a platinum–rhodium alloy on a 

substrate in the lab and labelled 

one specific particle,” says Thomas 

Keller from the DESY NanoLab. “The 

diameter of the labelled particle 

is around 100 nanometres, and 

it is similar to the particles used 

in a car’s catalytic converter.” A 

nanometre is a millionth of a 

millimetre.

Using X-rays from the 

European Synchrotron Radiation 

Facility (ESRF) in Grenoble, France, 

the researchers were not only able 

to create a detailed image of the 

nanoparticle; they also measured 

the mechanical strain within its 

surface. “The surface strain is 

related to the surface composition, 

in particular to the ratio of platinum 

to rhodium atoms,” explains Philipp 

Pleßow from the Karlsruhe Institute 

of Technology (KIT). His group has 

developed a theory that describes 

the relationship between surface 

strain and chemical composition 

for the respective facets of the 

nanoparticle. The different surfaces 

of a nanoparticle are called facets, 

just like the facets of a cut gemstone. 

When the nanoparticle 

is grown, its surface consists 

mainly of platinum atoms, as 

this configuration is energetically 

favoured. The scientists then 

studied the shape of the particle 

and its surface strain under 

different conditions, including 

Catalyst at work
X-ray investigation provides unprecedented view of a single nanoparticle

On the surface of the nano-

particle, carbon monoxide 

oxidises to carbon dioxide. 

10
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the operating conditions of an 

automotive catalytic converter. To 

do this, they heated the particle 

to around 430 degrees Celsius and 

allowed carbon monoxide and 

oxygen molecules to pass over it. 

“Under these reaction conditions, the 

rhodium atoms inside the particle 

become mobile and migrate to the 

surface because rhodium interacts 

more strongly with oxygen than 

platinum,” explains Pleßow. This is 

also predicted by theory. 

Rhodium moves to the surface

“As a result, the surface strain and 

the shape of the particle change,” 

reports Ivan Vartaniants from DESY, 

whose team converted the shape 

and surface strain measurements 

into spatial images. “A facet-

dependent rhodium enrichment 

takes place, whereby additional 

corners and edges are formed.” 

The chemical composition 

of the surface and the shape 

and size of the particles have 

a significant effect on their 

function and efficiency. However, 

scientists are only just beginning 

to understand exactly how these 

are connected and how to control 

the structure and composition of 

the nanoparticles. The X-rays allow 

the researchers to detect changes 

of as little as 0.1 per mille in the 

strain, which in this experiment 

corresponds to a precision of about 

0.0003 nanometres (0.3 picometres). 

“We can now, for the first time, 

observe the details of the structural 

changes in such catalyst nano-

particles while in operation,” says 

Stierle. “This is a major step forward 

and helping us to understand 

an entire class of reactions that 

make use of alloy nanoparticles.” 

Scientists at KIT and DESY now 

want to explore this systematically 

in a new Collaborative Research 

Centre funded by the German 

Research Foundation (DFG).

“Our investigation is an important 

step towards analysing industrial 

catalytic materials,” Stierle points 

out. Until now, scientists have 

had to grow model systems in the 

laboratory in order to conduct such 

investigations. “In this study, we 

have gone to the limit of what can 

be done. With DESY’s planned X-ray 

microscope PETRA IV, we will be 

able to look at ten times smaller 

individual particles in real catalysts, 

and under reaction conditions.”

Science Advances,  

DOI: 10.1126/sciadv.abh0757

The X-ray irradiation produces a characteristic diffraction pattern 

(top right) from which a complete image of a single catalyst 

nanoparticle can be generated. In addition, it also shows changes in 

the chemical composition of the particle surface during operation. 

“Our investigation is an important step towards 

analysing industrial catalytic materials”
Andreas Stierle, DESY

CAMPUSfemto 02/21
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The energy transition is one of the greatest challenges for society of our time. 

Without a CO2-neutral energy supply, climate change cannot be stopped. 

However, it is not the flick of a single big switch that will bring about the change. 

Instead, numerous developments and measures are required at various points 

in the energy landscape, and innovation and behavioural changes must go 

hand in hand. Hydrogen could play a central role in the future. But this energy 

carrier is only as green as its production. New and more productive methods 

for generating renewable energy are thus just as important as concepts for the 

efficient storage of different forms of energy. Saving energy also holds great 

potential, not least at the large-scale facilities used for research itself.





More economical catalyst

Certain electrolysers now use 

iridium, one of the rarest and most 

valuable metals in the world, whose 

annual production is just eight 

tonnes. In the future, the energy 

transition will require more and 

larger electrolysers – and therefore 

more iridium. “That is why we are 

trying to drastically reduce the 

amount of iridium in the catalyst,” 

explains Vedran Vonk, a physicist at 

the DESY NanoLab. “Our approach 

is to combine the expensive metal 

with another material, ruthenium.”  

The metal ruthenium is also 

a viable catalyst and significantly 

cheaper than iridium, though less 

durable. Together with Herbert 

Over’s group at Justus Liebig 

University in Gießen, Vonk is 

producing nanometre-sized blocks 

of ruthenium oxide. The team then 

spikes the edges of these blocks 

with iridium oxide, which has a 

stabilising effect on the ruthenium 

oxide. “This allows us to use small 

amounts of iridium, but still achieve 

a good catalytic effect,” explains 

Vonk. “In our latest experiments, 

we have been able to show that our 

combined catalyst is really stable 

and does not break down even at 

high currents.” Now the experts 

want to investigate the system 

in more detail and increase its 

efficiency, among other things. 

Light splits water

Looking further into the future, 

another idea for producing hydrogen 

is photocatalysis. “Instead of using 

electricity, water is to be split apart 

using light,” explains NanoLab 

chemist Heshmat Noei. If this 

approach works, hydrogen could 

be produced along similar lines 

to solar power – the units would 

simply be placed in the sun. Here 

too, the catalyst plays a key role: 

Without it, the process of splitting 

the water molecule would simply 

not get going. In fact, reasonably 

good photocatalysts already exist, 

such as titanium oxide. “It’s cheap 

and readily available,” says Noei. 

“The disadvantage is that up till 

now titanium oxide only works 

for ultraviolet light; sunlight isn’t 

enough.” 

The experts want to tackle this 

problem by modifying the shape 

of the nanometre-sized titanium 

oxide particles in specific ways. 

However, to do this they need a 

better understanding of just how 

catalysis takes place in this material. 

Experiments using high-power 

ultraviolet lasers such as FLASH at 

DESY are providing the necessary 

information. They can resolve the 

extremely rapid processes with great 

precision: What exactly happens 

on the scale of femtoseconds 

(quadrillionths of a second) when 

a water molecule docks onto a 

titanium oxide particle, reacts and 

is split apart? “In such experiments, 

we have found that certain forms 

of titanium oxide particles can 

also be active at a wavelength of 

770 nanometres, that is in the visible 

range,” says Noei. “Next, we plan to 

combine titanium oxide with some 

gold and see if that makes a better 

photocatalyst.” 

Thinner than a hair

A project being pursued by Simone 

Techert seems similarly visionary. 

The idea behind it is very original: 

“Just as the leaf of a plant converts 

light directly into chemical energy, 

we want to develop a solar cell that 

produces hydrogen directly.” This 

means that the green electricity 

would not have to be generated by a 

solar farm and transported through 

cables to an electrolyser; it would 

be generated on site, more or less 

within the electrolyser itself. 

Techert’s group has already 

succeeded in building its first 

prototypes – tiny cells that are 

thinner than a human hair. They 

consist of several layers, like a P
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“Instead of using 
electricity, water is to be 
split apart using light”
Heshmat Noei, DESY

Green electricity for 

hydrogen production: 

The organic solar cell 

layer, which is only 

200 nanometres 

(millionths of a milli-

metre) thin, converts 

light with an efficiency 

of almost 30 percent 

into electricity, which 

can be used directly to 

split water. 
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sandwich. A top layer serves as 

the solar cell, collecting light and 

converting it into electricity. Unlike 

most photovoltaic modules that 

are installed on roofs, it is made 

not of silicon but of light-sensitive 

molecules of organic polymers. 

The wafer-thin solar cell delivers 

the current directly to the layer 

underneath. This serves as a micro-

electrolyser, splitting the water to 

produce hydrogen with the help of 

the electricity and small amounts 

of light.

The minute electrolytic layer 

consists of water-splitting oxides. 

These are mineral analogues that 

occur in the deep sea, among other 

places, as metabolites from bacteria 

that thrive on minivolcanoes 

beneath the sea. “These mineral 

analogues can be replicated in the 

lab and are excellent at splitting 

water,” says Techert. “The solar 

and mineral layer are directly 

adjacent to each other, and their 

configuration allows special 

interactions to take place between 

them, ensuring the efficient conver-

sion of solar energy into hydrogen.” 

In numbers: The top solar layer 

is only 200 nanometres thick and 

converts light into electricity with 

an efficiency of almost 30 percent. 

The lower, equally thin layer has an 

efficiency of 70 percent – yielding an 

overall efficiency that is already on a 

par with commercial systems. 

Like a tree

Some fundamental questions still 

need to be clarified, though. When 

light enters the cell, it creates a 

certain degree of disorder on the 

molecular level. Such disorder can 

be disruptive, obstructing the flow of 

current in the cell, for example. But 

by cleverly designing the materials, 

the disorder can be channelled in 

such a way that it actually enhances 

the flow of electrons and favours the 

conversion of sunlight to hydrogen. 

“However, we still need to 

develop a better understanding of 

these processes,” Techert points out. 

“The X-ray sources at DESY allow us 

to closely study the disorder and its 

dynamics and figure out which 

materials we need to use where to 

create the most efficient system.” 

Experiments at the European XFEL 

X-ray laser, for example, allow the 

ultrafast motion of molecules inside 

the nanolayers to be observed – 

providing crucial input for develop-

ing a fundamental understanding. 

Experiments at the planned X-ray 

“Over the next few years, we need 
to radically transform our economy, 
which consumes large amounts of 
energy and natural resources”
Simone Techert, DESY
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DESY researcher  

Simone Techert uses 

artificial deep-sea 

minerals to produce 

hydrogen.
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marzipan, and a chocolate coating 

made of hydrogen. To release the 

hydrogen and empty the storage 

again, moderate heating should 

be enough. The hydrogen should 

escape from the surface of the 

nanoparticles relatively quickly – 

after all, it does not have to make its 

way laboriously from the inside to 

the outside.  

“We now want to find out 

what storage densities can be 

achieved using this technique,” says 

Stierle. “But before we can think 

about technical applications, some 

problems still need to be overcome.” 

Among other things, it is important 

to find a carrier that can be used in 

practical applications. One option 

is carbon sponges with tiny pores, 

in which the palladium particles 

could be housed in large numbers. 

“Something like that is already being 

tried out,” says Stierle. “And I think 

it’s quite promising for the future.” 

Better fuel cells

However, his lab is also looking into 

another issue: How can hydrogen 

be used most effectively? Some 

applications involve converting it 

back to electricity, to power vehicles, 

for example, or to compensate for 

fluctuations in the power grid. This 

is done using fuel cells. In them, 

hydrogen and oxygen react to form 

water, and the resulting flow of 

electrons produces a current. This 

reaction requires a catalyst too, and 

the precious metal platinum is often 

used for this. Platinum degrades over 

time, however, noticeably reducing 

the service life of the fuel cell. 

“We are using various analytical 

methods to examine exactly what 

is going on in the fuel cell,” explains 

NanoLab chemist Leon Jacobse. “The 

main problem is the oxygen that 

is inevitably produced during the 

reaction.” This oxidises the surfaces 

of the platinum. At high electrical 

voltages, in particular, so much 

oxygen is bound by the surface that 

it can literally pull the platinum 

atoms out of the catalyst. “We were 

able to observe the platinum being 

removed layer by layer,” Jacobse 

reports. 

What happens to this vagabond 

platinum is largely unclear. Some 

of the atoms appear to return into 

the catalyst in a kind of healing 

process. The NanoLab researchers 

now hope to work out where the 

rest disappears to and what kind 

of compounds it forms. “We are 

planning new experiments for this,” 

says Jacobse. “And hopefully we will 

be able to solve this puzzle over the 

next few years at PETRA III.” Their 

findings could also be useful for 

industry in the long term, helping 

manufacturers to design future fuel 

cells so that they lose less platinum 

and thus last longer. 
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“How can the gas be stored as 
efficiently and safely as possible?”
Andreas Stierle, DESY

The DESY NanoLab 

headed by Andreas Stierle 

is researching numerous 

aspects of a future 

hydrogen economy.

“We were able to 
observe the platinum 
being removed layer 
by layer”
Leon Jacobse, DESY
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The economist Alexander Bassen 

teaches at Universität Hamburg. He 

is a member of the German Advisory 

Council on Global Change (WBGU) and 

the German Council for Sustainable 

Development (RNE). He believes that 

the transfer of research findings 

to innovative solutions needs even 

greater support. 

femto: The energy transition is 

a task for society as a whole and 

poses enormous challenges. What 

role can fundamental research play 

in this process? 

Alexander Bassen: On the one 

hand, there needs to be a change 

in behaviour. While we are well 

aware that we will need more 

wind turbines and power lines in 

the future, society is often not as 

willing to make its own contribution 

to this as one would wish. It is 

not unusual to hear the attitude: 

renewables yes, but please not in my 

backyard. We certainly still have a 

lot of convincing to do. But we will 

not achieve the energy transition 

through such changes in behaviour 

alone. I am firmly convinced that 

we also need technical innovations. 

Otherwise, the transformation will 

mean a marked decrease in our 

quality of life. That is why we need 

technological advances – as well as 

new ideas provided by fundamental 

research. All in all, in the energy 

transition, innovation and changes 

in behaviour must go hand in hand. 

femto: Fundamental research 

certainly manages to keep bringing 

up new ideas. In recent years, a 

number of start-ups have been 

launched with visionary concepts 

for fusion reactors, for example. But 

by no means every idea makes it 

all the way to becoming a practical 

application. Is there perhaps a 

danger that fundamental research 

promises too much, which it later 

fails to deliver? 

Alexander Bassen: I wouldn’t 

say that. In my discussions 

with professionals working in 

fundamental research, when I ask 

them how their work might one 

day contribute to society, they often 

reply that they don’t want to know. 

Because if they did, research might 

be guided in a specific direction too 

soon, preventing it from developing 

its true potential. As a business 

economist, it took me a while to 

understand and accept that. But 

today, I am convinced that this is 

the right approach. In fundamental 

research, we should first tackle the 

actual scientific questions and only 

afterwards think about which areas 

its findings might be applied to. 

Fundamental research needs this 

freedom in order to end up being 

successful. 

femto: How then can ideas emerging 

from research be turned into 

tangible innovations that will help 

the energy transition? 

Alexander Bassen: Once the 

research has reached a certain 

level of maturity, it is undoubtedly 

appropriate to provide impulses 

for innovation and think about the 

direction a project might take. This 

doesn’t necessarily have to be done 

by the same people who drove the 

fundamental research. But scientists 

might also find it interesting to 

develop their ideas and turn them 

into implementations that can 

solve concrete problems. I would 

find it very exciting if established 

individuals were to pour their 

knowledge into products even more 

than before. 

femto: It is repeatedly claimed that 

Germany is a leader when it comes 

to fundamental research, but then 

fails to implement this know-how 

in the form of applications and 

products. Is this a problem in energy 

research, too? 

Alexander Bassen: Yes, I think so. 

The transfer works well in some 

areas, and some universities are 

really good at it. But we should 

be giving much more support 

to that transfer, by facilitating 

administrative processes, for 

example, and creating stronger 

incentives for researchers to 

develop their ideas and turn them 

into innovations. This is especially 

true of those who work within the 

relatively narrow framework of 

a civil service position. Here, we 

should allow greater flexibility 

and also offer financial incentives 

so that these experts can take 

entrepreneurial actions more often.  

I believe there is still a lot of 

potential at this interface. 

“Innovation and changes  

in behaviour need to go  

hand in hand”
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for niche applications. The reason 

for this is that the durability of 

the polymer solar cells often still 

leaves much to be desired, because 

ultraviolet radiation damages the 

materials over time, and water gets 

inside the cells. In addition, they 

are still essentially made from 

petroleum, and manufacturing 

them involves environmentally 

harmful solvents. Stephan Roth’s 

group is hoping to change that. 

“Not only do we want to generate 

power sustainably, we also 

want to manufacture and apply 

the materials used to do so by 

sustainable means,” he says. “That 

is the inclusive approach we are 

pursuing.” 

Simple trick

One of the weak points is the solvent. 

When manufacturing an organic 

solar cell, different layers need to 

be applied on top of each other to 

produce a film that turns sunlight 

into electricity. Some of these layers 

are made of polymers, including 

the solar-active material. To apply 

these polymers, they are dissolved 

in a solvent. When this evaporates, 

it leaves behind the polymers in 

the form of a solid layer. Up to now, 

the chemicals used as solvents 

have contained chlorine, which 

makes them potentially harmful. 

Together with experts from China 

and Munich, Roth’s team was able 

to show some time ago that other, 

more environmentally friendly 

solvents can also be used by cleverly 

tweaking the parameters during the 

production process. 

“It’s based on a simple trick, 

but you have to come up with the 

idea first,” Roth recounts. “Until now, 

only the base onto which you spray 

the polymer solution is heated; that 

allows it to dry more quickly. But we 

heated the solvent as well.” X-ray 

measurements made at PETRA III 

revealed the result: Thanks to the 

“preheated” solvent, the microscopic 

structures of the solar cell turned 

out even better than before. In 

addition, efficiency increased and 

production time decreased. “This 

is a huge success,” Roth is pleased 

to report. “You use a green solvent 

and end up with a solar cell that is 

at least as good as before.” Together 

with the Munich group, he has now 

set up a team that wants to develop 

the technology to the point where it 

can be used in practical applications. 

Paper instead of plastic

Another goal of the experts is to 

replace the carrier material on 

which the light-sensitive polymers 

are deposited by a sustainable 

material. At the moment, plastic 

films are used, i.e. petrochemical 

products. Roth’s team is pursuing 

an alternative, known as nano-

cellulose. This is produced by 

extracting tiny filaments from wood; 

these are just micrometres long and 

only five nanometres thick. These 

cellulose filaments can be used to 

make a special nanopaper, which 

the experts want to use as a carrier 

for organic solar cells.

“We can simply spray the 

polymer solutions onto the 

DESY researcher Stephan Roth is working with international 

colleagues on a solar cell made of sustainable materials.

“Not only do we want to generate  
power sustainably, but also the 
materials used to do so”
Stephan Roth, DESY
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B
atteries are one of the 

core technologies for a 

sustainable electricity 

supply. No electric car 

can manage without them, and 

they are used to store electric 

power generated by wind turbines 

and solar cells, thereby stabilising 

the power grid. But these storage 

devices still have room for improve-

ment. They need to become more 

efficient and more sustainable. 

A research group led by DESY 

physicist Alexander Schökel is 

investigating a type of battery that 

is installed in laptops and electric 

drills, but also in some electric 

cars. The “18650” cell resembles an 

ordinary AA battery, only that it is a 

little thicker and longer. “In principle, 

the design of this battery cell is 

quite straightforward,” explains 

Schökel. “However, the details of 

how the chemical elements are 

distributed in it when the battery is 

charged and then discharged remain 

unclear.” 

The behaviour of lithium is 

particularly interesting. In which 

areas of the electrodes do large 

amounts of it accumulate, and 

where does little collect? Details 

like these can significantly affect 

the efficiency of the cell, but 

also its durability. Together with 

colleagues from Munich, Grenoble 

and Geesthacht, Schökel used a 

combination of methods to record 

the activity of the lithium in the 

battery as precisely as possible. In 

doing so, the experts were able to 

observe to within 20 micrometres 

(thousandths of a millimetre) how 

the lithium content changes in 

different regions of the battery while 

it is charging and discharging. 

Isolated islands of lithium

As a result, the group found out, 

among other things, that the lithium 

concentration is very uneven, 

Better electricity 

      storage devices
Scientists are working on more efficient and sustainable batteries

“In some 
regions, lithium 
accumulates 
and can no 
longer be 
removed 
properly”
Alexander Schökel, DESY P
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Degree of 

lithiation

X-ray view into a battery 

cell (left) and lithium 

content of its anode  

(top right) and its 

cathode (bottom right)
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Copper

Cathode

Separator
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especially around the contacts that 

carry the current away from the 

cell. “This can have an unfavourable 

impact on its efficiency and perfor-

mance,” says Schökel. “In some 

regions, lithium accumulates and 

can no longer be removed properly.” 

As a result, that lithium is no longer 

involved in energy storage at all; 

figuratively speaking, the ions are 

stuck on an island and no longer 

take part in the journey between the 

charged and discharged states. 

“That’s something you want 

to avoid, of course,” explains 

Schökel. “Lithium is an expensive 

raw material and, if possible, one 

would like all the lithium in the cell 

to participate in the reactions.” The 

results of the experiments provide 

manufacturers with clues as to how 

they can optimise their cells, for 

example by redesigning the contacts. 

“There’s definitely potential for 

improvement,” Schökel believes.   

Currently, the experts are 

examining the durability of 18650 

cells: What exactly happens inside 

them after they have been through 

a few hundred charging cycles? In 

future, they also want to apply their 

combination of methods to other 

common cell types. The problem 

is that some of these batteries are 

significantly larger and thicker than 

the types examined so far, which 

makes it more difficult to screen 

them. “That’s definitely a challenge,” 

says Alexander Schökel. “But we 

believe we can push our methods 

quite a bit further.” 

Organic batteries from grain

Today’s rechargeable batteries are 

made of materials that require 

special disposal – as everyone 

knows, batteries don’t belong in 

your normal household waste. 

The team of DESY physicist 

Simone Techert is working on a 

development that will change 

all this. The researchers are 

experimenting with a battery made 

of renewable natural materials, 

which can basically be thrown on 

the compost heap once it is spent. 

“We use peptides – small protein 

snippets – as our starting material,” 

says Techert. “They can be obtained 

from cereals, among other things.” 

Her team is making use of 

the fact that the cereal peptides 

are electrically active. When an 

electric current is applied, sodium 

and potassium ions start moving 

about, and they accumulate at 

certain sites in the biomolecules, 

thereby storing energy. When 

the cell discharges, the particles 

migrate back, causing a current 

of electrons to flow – the battery 

supplies energy.

“In addition to doing the 

fundamental research that is and 

was necessary to determine whether 

and how peptides can be used to 

generate electricity, we have already 

built the first working prototypes,” 

says Techert. “Our research is still 

in its infancy, though, because 

we’re also looking into how X-ray 

methods can be optimised to study 

such systems in as much detail 

as possible in real time.” The aim 

is therefore not only to improve 

the batteries, but also to develop 

new methods for measuring and 

analysing the stability and efficiency 

of the biobattery. 

Use in humans

If the research is successful, the 

peptide battery holds the promise 

of many exciting applications. Not 

only would it be sustainable, non-

toxic and compostable, it would 

be made of a kind of gel, making it 

soft and pliable. It could therefore 

be manufactured in all kinds of 

shapes and forms. This would make 

it predestined for use in and on 

humans. In principle, biobatteries 

could be implanted inside the 

body to power pacemakers or brain 

implants. Or else they could power 

smart patches that are simply 

stuck on one’s skin and monitor 

vital parameters, such as body 

temperature or pH. 

“We use peptides – small 
protein snippets – as our  
starting material”
Simone Techert, DESY

Charging

Discharging

Lithium content of the anode during charging and discharging  

of the battery cell

Degree of lithiation
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T
he energy transition is not 

just about wind turbines, 

hydrogen and electric cars. 

Developing more efficient 

technologies and thus consuming 

less energy is equally important. 

Research centres are no exception 

here. The large facilities used to do 

science, such as particle accelerators, 

consume considerable amounts 

of electrical power. To reduce their 

hunger for energy, Europe’s leading 

research centres are working 

on more efficient accelerator 

technologies as part of the EU pro-

gramme I.FAST. 

“I.FAST is meant to advance 

the development of next-generation 

accelerators,” explains Mike Seidel 

from the Paul Scherrer Institute 

(PSI) in Switzerland. “In one of the 

work packages, we are trying to 

make the facilities more economical 

and more sustainable.” Apart from 

PSI, five other centres are also 

involved in the efforts: the European 

particle physics research centre 

CERN in Switzerland, the European 

neutron source ESS in Sweden, the 

UK Science and Technology Facilities 

Council (STFC), the GSI Helmholtz 

Centre for Heavy Ion Research in 

Darmstadt and DESY.  

Permanent magnets instead  

of electromagnets

One key focus of the I.FAST 

programme is developing more 

efficient accelerator components. 

An important starting point is the 

magnets that keep the electron 

beams travelling on a circular path 

in ring accelerators, such as DESY’s 

PETRA III, and that focus them. At 

present, the Hamburg storage ring – 

one of the brightest X-ray sources in 

the world – runs on electromagnets, 

which by design work with electricity. 

However, some of these electro-

magnets could be replaced by perma-

nent magnets. These maintain their 

magnetic field even without a power 

supply, so they don’t consume any 

energy. 

This would also have invalu-

able advantages in terms of the 

quality of the X-rays. Compact 

permanent magnets allow the 

magnets to be configured in new 

ways producing significantly more 

brilliant X-rays; this is extremely 

interesting for experiments aiming 

to examine the tiniest samples or 

sample sections in as much detail 

as possible. For this reason, DESY is 

planning a large-scale upgrade. In 

a few years, PETRA III is to become 

PETRA IV, which will be equipped 

with permanent magnets. Other 

facilities have already taken this 

step. The European Synchrotron 

Radiation Facility (ESRF) in Grenoble 

has been running with permanent 

magnets since 2020 – and, as a result, 

has consumed some 20 percent less 

electricity for accelerator operation.  

Another key focus of I.FAST is 

developing more efficient klystrons. 

These specialised vacuum tubes 

generate the radio waves that 

accelerate the particles – much as 

surfers ride an ocean wave. “Today’s 

klystrons have an efficiency of 50 to 

Sustainable

       accelerator
The next generation of research machines  

is to run on less electricity

“The issue of energy efficiency is 
becoming increasingly important 
for accelerator centres”
Denise Völker, DESY

Permanent magnets  

can save a fifth of the 

electricity.
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60 percent; new technologies should 

increase this to over 70 percent,” 

explains Mike Seidel. “We are 

working on a concrete development 

to replace the klystrons of the LHC 

accelerator at CERN by a more 

efficient type.”  

Slowing electrons and

recovering their energy

In addition to developing efficient 

technologies, new, alternative 

accelerator concepts are also 

being considered, such as Energy 

Recovery Linacs (ERLs). In particle 

physics, accelerators are used to 

fire electrons head-on at their 

antiparticles, thereby uncovering 

clues to previously unknown 

elementary particles – indicating 

new, fundamental laws of nature. 

Unlike storage rings, particles in 

linear accelerators do not lose 

energy through synchrotron 

radiation and can reach higher 

energies. However, most of the 

high-speed electrons do not 

actually collide with each other at 

all, instead crashing into a kind of 

buffer after their first failed attempt 

at a collision. 

The ERL concept seeks to 

recover this wasted energy. To do 

so, so-called resonators slow down 

the electrons travelling at close 

to the speed of light and extract a 

large part of their energy, which 

is then used to bring the next lot 

of electrons up to speed. “This 

type of accelerator would require 

significantly less power from the 

grid,” explains Seidel. “However, the 

energy recovery principle would be 

more expensive and complex than 

a facility without energy recovery.” 

Experts are currently investigating 

under what conditions the additional 

investment would pay off. 

Sustainability certificate for  

rare-earth metals

“The matter of energy efficiency is 

becoming increasingly important 

for accelerator centres,” as DESY’s 

sustainability manager Denise 

Völker points out. “And other 

aspects of sustainability are also 

receiving more and more attention, 

such as water consumption, 

recycling and sourcing raw 

materials.” For example, rare-

earth metals such as neodymium 

and dysprosium are needed to 

manufacture the permanent 

magnets to be used in PETRA IV. 

“These elements are mined in 

countries such as China,” says 

Völker. “But whether this mining 

is done in an environmentally and 

socially acceptable way is doubtful.” 

ON THE WAY TO A GREEN RESEARCH CAMPUS 

DESY is not only conducting research for the energy transition; it also draws on 

climate-friendly technologies for its own energy supply. The long-term vision is a 

green campus that largely dispenses with CO2 emissions. Today, the centre already 

obtains 60 percent of its electricity from renewable sources – a value well above the 

current electricity mix in Germany. DESY will be switching to 100 percent renewables 

by the beginning of 2023. From then on, its electricity needs, which, including those 

of the European XFEL X-ray laser facility, are equivalent to those of 150 000 people, 

will be covered exclusively by green power. This means that DESY will be responsible 

for 55 000 tonnes less in CO2 emissions per year. 

DESY is also gradually becoming greener in its heat supply. Already, one third 

of the campus is heated using waste heat from a helium liquefaction plant that is 

necessary for the operation of the European XFEL. In the future, the centre wants to 

tap into other sources of waste heat. Until now, the waste heat released by the 

accelerator magnets and the computer centre has gone unused. In a few years, it will 

feed the campus’s own low-temperature local 

heating network. This offers considerable 

potential. An analysis carried out by the 

Hamburg University of Applied Sciences (HAW) 

suggests that this waste heat would be 

enough to heat the entire campus twice over. 

Plans are currently being considered to supply 

the additional heat to the neighbourhood, 

especially parts of the prospective Science City 

Hamburg Bahrenfeld. 

These measures are flanked by better 

thermal insulation of existing buildings, 

detailed energy monitoring and plans to equip 

some of DESY’s buildings with large areas of solar cells. And another, brand-new 

sustainability project should also help save energy. Greenery is currently being 

planted on the walls and the roof of one of DESY’s research halls, covering a total 

area of 4600 square metres. The main objective of the project is to retain rainwater. 

In addition, the lush greenery should cool the building in summer and thus reduce 

the power consumed by the ventilation and air-conditioning system. And in winter, 

the plants will provide additional thermal insulation and reduce the need for heating.

A global certification would be 

desirable, to guarantee that these 

materials come from ecologically 

and socially acceptable sources. 

“Within the context of I.FAST, we 

are exchanging ideas with our 

industrial partners and looking for 

common ground,” explains Völker. 

“And other industries, such as the 

manufacturers of wind turbines or 

electric cars, are also interested in 

this type of certification. We want 

to connect with them more closely.”

https://ifast-project.eu

This is what DESY’s 

Building 36 will look 

like in a few years’ time.
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 E
veryone is familiar with tiny gas 

bubbles gently rising up in 

sparkling water. In fluid 

dynamics, this is called soft gas 

cavitation. A variant of this effect, 

hard cavitation, arises from the rapid 

movements of pumps, ship propellers 

and turbines and causes engineers a 

lot of headaches. Using the European 

XFEL X-ray laser, a research team led 

by the University of Göttingen has 

now filmed the propagation of such 

cavitation bubbles. The investigation 

offers hitherto unattainable insights 

into the phenomenon.  

For the study, an infrared laser 

created cavitation bubbles in water. 

These are initially a few thousandths 

of a millimetre in size, but then spread 

explosively at supersonic speed, 

driven by an overpressure that exceeds 

normal pressure by a factor of about P
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one hundred thousand. “In contrast to 

visible light, where refraction and 

scattering blur the image, X-ray 

imaging resolves not only the shape 

but also the density profile of the 

interior of both the bubble and the 

shockwave,” explains Malte Vass holz, 

lead author from the University of 

Göttingen. 

Thanks to the well-controlled 

time delay between the infrared laser 

pulse that created the effect and the 

X-ray pulse used to image the bubbles, 

the team could then record a kind of 

movie of the process. “In total, we 

recorded about 20 000 events and 

analysed more than 3000 bubbles,” 

reports DESY lead author Johannes 

Hagemann.  

The research not only provides 

new insights into the phenomenon, it 

also opens up interesting perspectives 

for applications. “Cavitation can be an 

undesirable effect in fluids in pumps or 

propellers, for instance, but it can be 

harnessed for use in laser processing 

of materials or to modify chemical 

reactions,” explains co-author Robert 

Mettin from Göttingen. 

“In laser surgery, shockwaves and 

compressed gases in tiny bubbles are 

created intentionally in tissue using 

laser pulses,” adds research leader 

Tim Salditt from the University of 

Göttin gen. “In the future, such 

processes could be ‘filmed’ in detail, 

using the methodology that we have 

developed, at a micro scopic level and 

at high temporal resolution.” 

Nature Communications,  

DOI: 10.1038/s41467-021-23664-1

Cavitation bubbles 0, 5, 9 and 

18 nanoseconds (billionths of a 

second) after the arrival of the 

infrared laser pulse. The shock wave 

of the bubble on the far right has a 

diameter of about 0.1 millimetre. 

X-ray laser films cavitation bubbles in water

SPECTRUM
Science in brief

30

femto 02/21





P
ic

tu
re

s
: 
E

u
ro

p
e

a
n

 X
F

E
L

, 
Ja

n
 H

o
s
ia

n
 (

e
x

p
e

ri
m

e
n

ta
l 
s
ta

ti
o

n
);

 D
E

S
Y

, 
T

im
m

 R
o

h
w

e
r;

 D
E

S
Y

, 
D

o
n

g
fa

n
g

 Z
h

a
n

g

Beamline for extreme conditions inaugurated

 T
he Helmholtz International Beamline for 

Extreme Fields (HIBEF) has officially gone 

into operation at the European XFEL X-ray 

laser. HIBEF combines the facility’s X-ray radiation 

with two super lasers, a powerful magnetic coil and 

a platform for research with diamond anvil cells. 

Under the leadership of Helmholtz-Zentrum 

Dresden-Rossendorf (HZDR) in cooperation with 

DESY, the project pools equipment and expertise 

from various research institutions to make them 

available to the international scientific community. 

The beamline is part of the High Energy 

Density (HED) experimental station at the European 

XFEL and enables deep insights into the structure of 

materials and into ultrafast natural processes in 

plasma physics. This will help researchers improve 

models of planet formation and simulate processes 

in plasma, for example, thus driving innovations in 

materials and accelerator research.  

The high-intensity laser 

ReLaX of the HIBEF 

user consortium can 

generate pressures of 

billions of bar.

Table-top electron 
“camera” catches 
ultrafast dynamics  
of matter

The system fits on 

a lab bench and is 

adjusted with the 

help of an optical 

laser.

HIBEF was founded in 2013 by DESY and HZDR  

and involves a user consortium comprising more 

than 350 scientists at 60 research institutions in 

16 countries. The total investment for the beamline, 

including operating costs for ten years, amounts to 

nearly 120 million euros.

 A
compact electron camera enables researchers to capture 

the ultrafast internal dynamics of matter. The system fires 

short bunches of electrons at a sample to take snapshots  

of its inner structure. It is the first such electron diffracto meter that 

uses terahertz radiation to compress the electron bunches. The 

short wavelength of the terahertz radiation enables a compact 

design.  

The development team around DESY scientists Dongfang 

Zhang and Franz Kärtner from the Center for Free-Electron Laser 

THz

Electron 

beam

Sample Solenoid Detector

Science (CFEL) successfully validated the system by examining a 

silicon sample. To this end, they used the diffractometer to direct 

bunches of roughly 10 000 electrons each at a thin silicon crystal 

that was heated by a short laser pulse. The electron bunches were 

about 180 femtoseconds (quadrillionths of a second) long and 

clearly revealed how the crystal lattice of the silicon sample 

expanded within about a picosecond (trillionths of a second) after 

the laser hit the crystal.

On top of its reduced size, the terahertz electron diffracto-

meter has another advantage that might be even more important 

to researchers: The system is perfectly synchronised, as it uses 

just one laser for all steps: generating, manipulating, measuring 

and compressing the electron bunches, producing the terahertz 

radiation and heating the sample.

Ultrafast Science, DOI: 10.34133/2021/9848526
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I
nvisible to the human eye, 

flashes of cosmic gamma 

radiation regularly flicker across 

the firmament. These gamma-

ray bursts (GRBs), which were 

discovered by chance in the late 

1960s by nuclear test monitoring 

satellites, originate from enormous 

cosmic catastrophes in distant 

galaxies, such as certain supernova 

explosions, as we now know. Even 

after decades of investigation, 

there are still many unanswered 

questions about the nature of 

these colossal gamma flashes. The 

observation of a relatively close 

gamma-ray burst now provides 

unique new insights into these 

most powerful explosions in the 

universe. 

Gamma-ray bursts (GRBs) may 

be even more powerful particle 

accelerators than thought: This is 

shown by the exceptionally detailed 

observation of such a gamma 

flash in the southern sky. Using 

the specialised telescopes of the 

H.E.S.S. observatory in Namibia, 

an international research team 

has registered the most energetic 

Gamma flash from our  
          cosmic neighbourhood
 

Detailed observation challenges theory of the most powerful explosions in the universe
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radiation from a gamma-ray burst 

and tracked the longest gamma-

ray afterglow of such an explosion 

to date. The analysis of the data 

now suggests that the X-ray and 

gamma-ray emissions from these 

powerful stellar explosions have the 

same origin and are not produced 

by separate processes, as was 

previously assumed. 

“Gamma-ray bursts are bright 

X-ray and gamma-ray flashes 

observed in the sky, emitted by 

distant extragalactic sources,” 

explains DESY scientist Sylvia Zhu, 

one of the authors of the paper. 

“They are the biggest explosions in 

the universe and associated with 

the collapse of a rapidly rotating 

massive star into a black hole.” Part 

of the gravitational energy released 

in the process drives an extremely 

fast, ultrarelativistic shock wave 

through the surrounding gas. This 

accelerates subatomic particles, 

such as electrons, which in turn 

can produce gamma radiation. 

Gamma-ray bursts are divided 

into two distinct phases: an initial 

chaotic prompt phase lasting tens of 

seconds, followed by a long-lasting, 

smoothly fading afterglow phase.

On 29 August 2019, the 

satellites “Fermi” and “Swift” of the 

US space agency NASA detected a 

gamma-ray burst in the southern 

constellation Eridanus. The event, 

catalogued as GRB 190829A according 

to its date of occurrence, turned out 

to be one of the nearest gamma-ray 

bursts observed so far, at a distance 

of about one billion light years. For 

comparison: The typical gamma-ray 

burst is about 20 billion light years 

away. “We were really sitting in the 

front row when this gamma-ray 

burst happened,” explains co-author 

Andrew Taylor from DESY. The team 

caught the explosion’s afterglow 

immediately when it became visible 

to the H.E.S.S. telescopes. “We could 

observe the afterglow for several 

days and at unprecedented gamma-

ray energies,” reports Taylor.  

 

Unprecedented energy 

The comparatively short distance 

to this gamma-ray burst allowed 

detailed measurements of the 

afterglow’s high-energy spectrum, 

i.e. the distribution of “colours” or 

energies of the X-ray and gamma-

ray photons. “We could determine 

GRB 190829A’s spectrum up to an 

energy of 3.3 teraelectronvolts, that’s 

about a trillion times as energetic 

as visible light,” explains co-author 

Edna Ruiz-Velasco from the Max 

Planck Institute for Nuclear Physics 

in Heidelberg. “This is what’s so 

exceptional about this gamma-ray 

burst – it occurred in our cosmic 

backyard, so its very-high-energy 

photons were not absorbed in 

collisions with background light on 

their way to Earth, as happens over 

larger distances in the cosmos.” At 

very high energies, this process 

makes the universe increasingly 

opaque over large distances.

H.E.S.S. followed the afterglow 

of the gamma-ray burst up to three 

days after the initial explosion. 

The result came as a surprise: “Our 

observations revealed curious 

similarities between the X-ray 

“We were really 
sitting in the 
front row when 
this gamma-ray 
burst happened”
Andrew Taylor, DESY
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Artist‘s impression of the 

relativistic matter jet of a  

gamma-ray burst (GRB),  

breaking out of a collapsing star 

and emitting very-high-energy 

gamma rays 
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