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The year 2020 
at DESY
Chairman’s foreword

2020 was a truly unusual year for the global society. In March, 
the coronavirus brought our accustomed everyday life to a 
standstill and mercilessly exposed the vulnerability of our 
modern society to such crisis. We will have to put many of our 
habits, which have finally proven to be unsustainable, to test 
and find new ways forward. We have already learned a great 
deal in recent months, most importantly that our society can 
rely on science and on decision makers who listen to scientists.

We at DESY reacted quickly and very cautiously to the 
pandemic and moved the research centre into a safe mode 
that kept the laboratories and our research largely in opera­
tion while protecting all staff from infection as efficiently as 
possible. 

These measures were critical with respect to the user 
operation of our large-scale research facilities PETRA III 
and FLASH. Especially the unique analysis capabilities at 
PETRA III have proven to be most important for the fight 
against the COVID-19 coronavirus. We have to ensure that 
these technologies will be even more targeted to molecular 
drug research and even more crisis-proven in the future. 
To this end, we have drawn up a major proposal for the 
establishment of a National Analysis Center for Molecular 
Infection Research, in which new digital and technical 
concepts, like artificial intelligence, remote control and 
robotics, are to be incorporated. “Digital DESY” has become 
a new building block in our DESY strategy, in response to 
the challenges of the current pandemic and of future crisis 

Figure 1

Part of the DESY staff in Hamburg hold up the DESY-60 logo.



Helmut Dosch
Chairman of the DESY Board of Directors

Figure 2

Senate reception for the 

60th anniversary of  

DESY in Hamburg:  

with forward-looking, 

cutting-edge research into 

the new decade.
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situations. We will also pay even greater attention to sustain­
able concepts in all our activities and future projects.

DESY is well on its way into this future. The priority project is 
PETRA IV, which has now entered the technical design phase. 
We are very pleased that with Riccardo Bartolini, who joined 
DESY in April 2020, we have been able to attract an interna­
tionally renowned accelerator physicist for this future project. 
In the next few years, the task will be to prepare all the 
logistical and personnel prerequisites for the upgrade of the 
synchrotron radiation source PETRA III and to raise the 
necessary financial resources for this complex project. Nearly 
all areas of DESY will be involved here in the upcoming decade. 

In 2020, we have made good progress in various projects, 
such as in the development of the Centre for Molecular Water 
Science (CMWS), the commissioning of the Detector Assembly 
Facility (DAF) and the construction of the Start-Up Labs Bahren­
feld, as well as in the Centre for X-ray and Nano Science 
(CXNS), which will open in 2021. An active innovation culture 
that interlinks basic research and fast transfer of innovative 
concepts to the market will remain an integral part of DESY’s 
future strategy.

In the coming years, further projects are on the agenda: Major 
new construction measures include the DESYUM visitor centre, 
the building for the accelerator division, the TECHNICUM for 
technical groups, the DESY Innovation Factory and the 
Wolfgang Pauli Centre (WPC) for theoretical physics. 

Important research and upgrade projects, such as the up­
grade of the free-electron laser FLASH to FLASH2020+, the 
KALDERA-ATHENA project for future accelerator technologies, 
the Any Light Particle Search experiment ALPS II, the tele­
scope in search of dark-matter particles BabyIAXO as well 

as the Cherenkov Telescope Array (CTA) and its Data Centre, 
will be implemented. 

Promoting our top scientists and our young talents is an 
essential component of the DESY strategy. The new Helm
holtz graduate school DASHH has been well established in 
2020. The aim of the school is to educate the future genera­
tion of data scientists who can efficiently analyse measured 
data using e.g. artificial intelligence or machine learning. In 
2020, we have implemented the COAST programme, which 
will assist our postdocs in shaping their individual career 
pathways. Our HR department has done a remarkable job 
in this respect. Over the coming months, we must and will 
develop concepts to offer our top academic performers new 
career paths within the research centre.

DESY celebrated its 60th anniversary in the Hamburg city hall 
at the beginning of 2020. Many congratulations came from the 
global science community and honoured DESY as a world-
leading centre in the exploration of matter. We are well prepared 
for the coming decades to continue the legacy of DESY.

Even in these challenging times, the extraordinary commit­
ment of the DESY staff and all our users and partners, national 
and international, made research possible at DESY – I would 
like to thank all those who contributed to the joint efforts!



Astroparticle physics  
at DESY 
Director’s foreword

Despite the COVID-19 pandemic and the restrictions it 
entailed, 2020 was a very productive year for the Astro­
particle Physics division at DESY, marked – alongside 
major scientific results – by a highly successful Helmholtz 
evaluation, a decisive lead scientist recruitment and the 
initiation of the application process to include the IceCube-
Gen2 project and the Einstein Telescope in the Research 
Infrastructure Roadmap of the Helmholtz Association.

The year 2020 at DESY started with two outstanding high­
lights. January marked the celebration of the 60th anniver
sary of the research centre with a Senate reception in the 
Hamburg city hall, attended by around 500 guests, at which 
DESY presented its ambitious plans for the future. Then, 
together with the other areas in the Helmholtz research field 
“Matter” (photon science, particle physics as well as nuclear 
and hadron physics), the DESY astroparticle physics 

programme underwent a strategic evaluation for the next 
programme-oriented funding period (PoF IV) of the 
Helmholtz Association – with very positive results. The 
programme earned the rating “outstanding”, and thus the 
highest mark, in three of four categories. Only the category 
“Impact and Risks” was rated “excellent” because of the 
inherent risks of the large-scale international projects in 
which the Astroparticle Physics division is involved, which 
include the next-generation Cherenkov Telescope Array 
(CTA) and the IceCube neutrino observatory extension 
IceCube-Gen2, for which a final project decision is still 
pending on the US side. 

In March 2020, the COVID-19 pandemic swept across Germany, 
and activities at DESY had to quickly be adapted accordingly. 
The Astroparticle Physics division fared well during the 
pandemic. Although more than 80% of staff were working 
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Figure 1

The binary star system Eta Carinae is the first known example of a source in which very-high-energy gamma radiation is generated by colliding stellar winds.



Christian Stegmann
Director in charge of Astroparticle Physics

from home during the first COVID-19 wave in spring 2020, 
the technical services, workshops and administration at 
DESY in Zeuthen were kept operational – partly in two shifts 
– obeying rigorous hygiene and distancing rules. Scientific 
collaborative work went on successfully using video 
conferencing. Near the lake, outside tents with free WIFI 
were provided on the Zeuthen campus to enable face-to-
face meetings in a well-ventilated environment. All in all, 
thanks to the remarkable flexibility and dedication of every
one involved, the Astroparticle Physics division was able to 
quickly adjust to the novel situation and maintain quasi-
normal working conditions throughout the various waves of 
the pandemic and the ensuing lockdowns in Germany. 

As a result, several outstanding scientific results were 
achieved in 2020. The collaboration operating the H.E.S.S. 
gamma-ray observatory in Namibia, including scientists from 
DESY, observed a radio galaxy emitting very-high-energy 
gamma rays over several thousand light years along its jets 
of plasma. The discovery suggests that the largest cosmic 
particle accelerators are even bigger than thought, with 
many radio galaxies with extended jets efficiently acceler
ating particles up to extreme energies. Another H.E.S.S. 
discovery concerned the binary star system Eta Carinae, 
which was observed to emit gamma rays with energies up to 
400 GeV, making it the first known example of a source in 
which very-high-energy gamma radiation is generated by 
colliding stellar winds. And, using the Fermi Gamma-ray 
Space Telescope, a team led by DESY detected a mysterious 
gamma-ray “heartbeat” coming from a cosmic gas cloud. 
The cloud is beating with the rhythm of a neighbouring 
precessing black hole at 100 light years distance, indicating 
a connection between the two objects – but how exactly the 
black hole powers the cloud’s gamma-ray heartbeat remains 
unexplained so far. 

Astroparticle physics theory at DESY got a further boost in 
2020 with the appointment of Rafael Porto, who took up a 
position as lead scientist in August. Within his multidisci­

plinary research programme at the interface of astroparticle 
physics, cosmology and gravitational wave science, he 
focuses on using novel tools and ideas from particle physics 
to study, among others, black holes in Einstein’s theory of 
gravity or the properties of nuclear matter under the unique 
conditions prevailing in neutron stars. He is also involved in 
searches for physics beyond the Standard Model of particle 
physics through gravitational wave “precision data” from 
present and future detectors, such as the Einstein Telescope.

Finally, another key event of the year was the initiation of the 
application process to include two major projects with DESY 
participation in the Research Infrastructure Roadmap of the 
Helmholtz Association. The IceCube-Gen2 project foresees 
an extension of the IceCube neutrino observatory at the 
South Pole to a total detector volume of nearly eight cubic 
kilometres, increasing the annual rate of cosmic neutrino 
observations by an order of magnitude and the detector’s 
sensitivity to point sources to five times that of IceCube. 
And, to expand gravitational wave research in Europe, DESY, 
together with non-university and university partners, is 
promoting German participation in the Einstein Telescope, a 
third-generation gravitational wave detector planned in 
Europe that is to be about 500 times more sensitive than the 
existing detectors LIGO in the USA or Virgo in Italy. 

Despite the constraints due to the COVID-19 pandemic, the 
Astroparticle Physics division thus looks back on a success­
ful year of producing great science. I would like to thank all 
our staff as well as our partners in Germany and abroad for 
making this possible in these challenging times. 
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About 500 guests attended the Senate reception in the Hamburg city hall.

Laureates of the Dr. Hans Riegel-Stiftung visited DESY in Zeuthen. 

January

Hamburg Senate reception to celebrate 60 years of DESY 

On 16 January, about 500 guests attended the Senate 
reception in celebration of DESY’s 60th anniversary in the 
Hamburg city hall. On the occasion, Katharina Fegebank, 
Hamburg’s Second Mayor and Senator for Science, Research 
and Equality, paid tribute to DESY as a “world-class research 
centre” that plays “a major role in shaping Hamburg as a 
centre of science.” Wolf-Dieter Lukas, State Secretary at 
the German Federal Ministry of Education and Research 
(BMBF), emphasised that “we need research centres like 
DESY as ‘scientific fact guarantors’ in order to jointly find 
solutions for urgent challenges of the 21st century, which 
pose enormous tasks for society and politics, economy 
and science.” Otmar Wiestler, President of the Helmholtz 
Association, acknowledged DESY as “a centre with 
enormous international appeal” that “makes an essential 
contribution to solving major societal challenges in line with 
the Helmholtz mission.” 

“From the experience of the last 60 years, I am convinced 
that the centre is well positioned for the future,” summarised 
DESY Director Helmut Dosch. “We are constantly questioning 
and developing ourselves. But the original mission, to decipher 
the structure of matter – from the big bang to DNA – this 
remains.”

DESY scientist Anna Nelles takes up professorship in Erlangen

After leading her own Emmy Noether group at the Humboldt-
Universität zu Berlin and DESY from 2018 to 2019, Anna Nelles 
took up a professorship on experimental astroparticle physics 
at the Erlangen Centre for Astroparticle Physics (ECAP) of the 
Friedrich-Alexander Universität Erlangen-Nürnberg, a position 
jointly funded by DESY and ECAP. Her research focuses on the 
radio detection of neutrinos beyond petaelectronvolt energies.  

February

Data Science Seminar at DESY in Zeuthen

The newly established Data Science Seminar serves as a 
forum for all scientists at DESY, but especially for students 
and postdocs. It provides an opportunity to learn about the 
activities, problems and methods that the various groups at 
DESY in Zeuthen are dealing with and to keep abreast of 
developments in the wider world of data science, scientific 
computing and software.

Laureates of Dr. Hans Riegel-Stiftung visit DESY in Zeuthen

Laureates of the Dr. Hans Riegel-Stiftung, a foundation that 
aims to promote the education of young people especially 
in the STEM fields, visited DESY in Zeuthen to learn more 
about its current research topics. They were introduced to 
the field of astroparticle physics and visited the PITZ 
accelerator beamline and the computing centre.  

News and  
events
Highlights in 2020
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Handover of the ADFC certificate As a measure against the spread of COVID-19, meetings were made possible outside.

CTA prototype moved to DESY in Hamburg

Due to expiring contracts, the mid-sized telescope prototype 
at the Berlin Adlershof Science City, which had served to 
test all functions of this telescope type for future operation at 
the Cherenkov Telescope Array (CTA) gamma-ray observa­
tory, was dismantled and moved to the DESY campus in 
Hamburg. The positioner and the driving technology of the 
prototype will be used for the BabyIAXO experiment, which 
is planned to search for axions and other weakly interacting 
slim particles (WISPs) emitted by the sun. The camera mount 
and the mirrors are stored for later use at CTA. 

March

DESY in Zeuthen is “Bicycle-Friendly Employer”

As second company in Brandenburg, DESY in Zeuthen  
was recognised as “Bicycle-Friendly Employer” by the 
German Cyclists’ Federation (ADFC), which has been 
awarding the EU-wide certification since 2017. DESY in 
Zeuthen qualified for certification through its extensive 
infrastructure, which includes a bike repair station, parking 
space for bicycles, technical bike checks before the winter 
season and changing rooms for employees who come to 
work by bike, and through its various activities, such as 
participation in city cycling events, the exchange of expe­
rience among staff members, individual route advice 
or staff outings by bike. 

Zwicky Transient Facility collaboration meeting

The spring meeting of the international Zwicky Transient 
Facility (ZTF) collaboration, in which DESY is a partner, was 
planned to take place in Berlin but, due to the COVID-19 
pandemic, was held as a remote event instead. Located at 
the Palomar Observatory in California, USA, ZTF is a time-
domain, wide-field sky astronomical survey commissioned in 
2018 that builds on the highly successful legacy of the 
Palomar Transient Factory (PTF). ZTF uses a new camera 
with a 47-square-degree field of view mounted on the Samuel 
Oschin 48-inch Schmidt telescope. ZTF’s extremely wide 
field of view and fast readout electronics enable a survey 
more than an order of magnitude faster than that of PTF. 
Alongside the collaboration meeting, a workshop on “Enabling 
novel real-time multi-messenger studies” was also held.  

April

Zeuthen campus in corona mode

As a measure against the further spread of the SARS-CoV-2 
virus, DESY entered a reduced operating mode on 16 March. 
Although the DESY sites in Hamburg and Zeuthen remained 
open, staff were asked to work from home as much as 
possible, so that staff presence on campus was reduced to 
what was absolutely necessary. Where possible, the particle 
accelerators and other facilities were put in safe mode, and 
user operation at the X-ray sources PETRA III and FLASH 
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Virtual third meeting of the Astroparticle Physics Committee

Summer Blot

was suspended until further notice. PETRA III was powered 
up only for SARS-CoV-2-relevant measurements. To help 
fight the pandemic, DESY set up a fast-track access mode 
for corresponding research projects.

As the situation continued in April, measures were taken at 
DESY in Zeuthen to maintain “normal” working conditions. 
Employees were equipped with Zoom licences, regular 
seminars were switched to remote meetings, and free WIFI 
was provided at the lake for face-to-face meetings outside. 
These measures remained in place for the rest of 2020. 

Third meeting of Astroparticle Physics Committee 

Since the Astroparticle Physics division was established at 
DESY in 2019, an international committee of scientists, the 
Astroparticle Physics Committee (APC), has been advising 
the DESY Directorate on all matters related to astroparticle 
physics at DESY. Due to the COVID-19 pandemic, the third 
meeting of the APC was held remotely in April 2020. 

A high-performance computing cluster operated by DESY, 
the Maxwell cluster in Hamburg, was used to analyse the 
data of experiments on the SARS-CoV-2 virus carried out at 
DESY’s X-ray source PETRA III. Overall, between April and 
September 2020, about 6% of the available DESY computing 
resources were dedicated to activities concerning COVID-19 
research.

May

IceCube Impact Award for DESY scientist Summer Blot

DESY scientist Summer Blot, who is a member of the IceCube 
neutrino experiment at the South Pole, received the IceCube 
Impact Award for her “lasting commitment to promote coop­
eration and cohesion within the collaboration environment, in 
particular through leadership in the advancement of the areas 
of diversity, equity, and inclusion.” 

DESY IT departments support coronavirus research

What do the protein structures and protein bindings of the 
SARS-CoV-2 virus look like? And which known drugs could 
dock to these structures? To help fight the pandemic and 
accelerate the development of therapies against COVID-19, 
the DESY IT departments supported related research by 
providing significant computing resources and know-how. 

The projects Rosetta@home and Folding@home, for example, 
were run on the large computer systems in Hamburg and 
Zeuthen, which contributed about 3.5 million CPU hours 
in April 2020 – equivalent to the performance of about 
1200 laptops calculating day and night for a whole month.  

COAST offers support for postdocs at DESY

The project COAST – Career Orientation and Skills Training 
for Postdocs, funded by the Helmholtz Association, was 
officially launched at DESY. COAST supports young acade
mics in their career planning outside research. Postdocs can 
take advantage of a wide range of offers and services, such 
as individual career counselling, workshops, meetings with 
former DESY postdocs and networking events, so that they 
can approach their career planning more professionally. With 
the launch of COAST, DESY enters a new dimension of talent 
management and establishes a new attraction factor in the 
global competition for the best scientific talents. 
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Inauguration of the pSCT in Januar 2019

Superposition of several images of the galaxy Centaurus A in different wavelength 

ranges from submillimetre waves to X-rays, complemented by gamma-ray observa

tions by H.E.S.S. 

June

Largest cosmic particle accelerators are even bigger than thought

The international collaboration operating the High Energy 
Stereoscopic System (H.E.S.S.) gamma-ray observatory in 
Namibia has observed a radio galaxy – a galaxy that is highly 
luminous when observed at radio wavelengths – for over 
200 hours at unparalleled resolution in gamma rays. The 
observation shows that the very-high-energy gamma-ray 
emission from galaxies with a highly energetic nucleus is not 
concentrated in the region close to their central black hole, 
but extends over several thousand light years along the jets 
of plasma they emit. 

The discovery, which was published in the journal Nature, 
suggests that many radio galaxies with extended jets do 
indeed efficiently accelerate particles up to extreme 
energies. The finding also brings crucial new information 
to the debate on the origin of the jets’ X-ray emission.
 

Novel gamma-ray telescope detects Crab Nebula 

The prototype of the novel Schwarzschild–Couder Telescope 
(pSCT) has successfully detected the Crab Nebula, the most 
important standard candle in gamma-ray astronomy. The 
detection proves the viability of the design of the Schwarz­
schild–Couder Telescope, which could enhance the 
capabilities of the upcoming CTA gamma-ray observatory. 
The success was announced by CTA scientists at the 
236th meeting of the American Astronomical Society (AAS). 

DESY scientists and engineers have contributed to the pSCT 
and built the tower and drive of the telescope, which was 
inaugurated at the Fred Lawrence Whipple Observatory in 
Arizona, USA, in January 2019. The pSCT is based on a 
114-year-old concept by the German physicist Karl Schwarz­
schild (1873–1916), which has only become feasible today 

thanks to technical progress. In contrast to conventional 
gamma-ray telescopes, the pSCT has a double mirror 
system, which should increase the quality of the focused 
light and enable the use of compact light sensors.

Successful participation in city cycling event

In June, the DESY Zeuthen team covered more than 
13 000 km in 21 days during the “Stadtradeln” city cycling 
campaign in the Dahme-Spreewald region. Whether it was 
the daily ride to the campus, the bike tour around the home 
office or ambitious weekend excursions, every kilometre 
counted. The team thus successfully defended its title from 
2019 as the largest team with the most kilometres in the 
region. 
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The microquasar (background) and the gas cloud (foreground), which are about 

100 light years apart, pulsate with the same rhythm, suggesting a direct connection.

The VERITAS array of imaging atmospheric Cherenkov telescopes for the observation 

of cosmic gamma rays

In the shock region where the supersonic stellar winds of the two stars collide,  

subatomic particles are accelerated to such an extent that they produce very-high-

energy gamma radiation.

August

Strange gamma-ray heartbeat puzzles scientists

A team of scientists led by DESY has detected a mysterious 
gamma-ray heartbeat coming from a cosmic gas cloud.  
The cloud is beating with the rhythm of a neighbouring 
precessing black hole at 100 light years distance, indicating 
a connection between the two objects. The whole system is 
located some 15 000 light years away in the Milky Way and 
consists of a giant star with about 30 times the mass of the 
sun and a black hole with about 10 to 20 solar masses. The 
two objects are orbiting each other with a period of 13 days, 
while the black hole sucks matter from the giant star. 

This setting is usually known from quasars with accompa­
nying large black holes with millions of solar masses. As the 
observed system looks like a scaled-down version of these 
quasars, it has been dubbed a microquasar. Although the 
team analysed more than ten years of data from the Fermi 
Gamma-ray Space Telescope, it is not yet clear how exactly 
the black hole powers the cloud’s gamma-ray heartbeat. 
Further observations and theoretical work are required to 
fully explain the system’s behaviour.

July

Binary star is cosmic particle accelerator

Using the H.E.S.S. gamma-ray observatory, a team headed 
by DESY has proven that a certain type of binary star is a 
new kind of source of very-high-energy cosmic gamma rays. 
The binary star system Eta Carinae is located 7500 light 
years away in the constellation Carina (the ship’s keel) in 
the southern sky and, based on the data collected, emits 
gamma rays with energies up to 400 GeV, some 100 billion 
times more than the energy of visible light. 

The binary system consists of two blue giants that orbit each 
other every 5.5 years and fling dense, supersonic stellar winds 
of charged particles out into space. A huge shock front is 
formed in the region where the two stellar winds collide, 
heating up the material in the wind to extremely high temper­
atures. The H.E.S.S. observation makes the binary star the 
first known example of a source in which very-high-energy 
gamma radiation is generated by colliding stellar winds. 

Gamma-ray telescopes measure diameters of far-away stars 

By reviving a technique capable of combining specialised 
gamma-ray telescopes into one giant virtual instrument, 
scientists have measured the diameters of individual stars 
hundreds of light years away. The team, which includes 
researchers from DESY, used the four telescopes of the Very 
Energetic Radiation Imaging Telescope Array System 
(VERITAS) in Arizona, USA, as one combined instrument to 
determine the size of Beta Canis Majoris, a blue giant star 
located 500 light years from the sun, and Epsilon Orionis, a 
blue supergiant star 2000 light years from the sun. The 
stellar intensity interferometry technique, demonstrated for 
the first time nearly 50 years ago, could allow a promising 
secondary use of other gamma-ray observatories as well, 
including the upcoming CTA.
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IceCube looks for the light from particle showers triggered by neutrino 

collisions with the underground ice.

Participants of the research school meeting

Meeting of Research School for Multimessenger Astronomy

The first annual meeting of the International Helmholtz–
Weizmann Research School for Multimessenger Astronomy 
took place at the end of August. The virtual meeting was the 
second gathering of all members of the school after its 
inception in 2019. The students presented the current status 
of their work, and present and future projects were discussed. 
The school’s international partner is the Weizmann Institute 
of Science in Rehovot, Israel, and it receives significant 
funding from the Initiative and Networking Fund of the 
Helmholtz Association.

September

IceCube extension will open window to the extreme universe 

To fully exploit the potential of the IceCube neutrino observa­
tory, the international IceCube collaboration plans a major 
extension of the detector, which is frozen underground in the 
eternal ice of the South Pole. The collaboration – of which 
DESY is the second largest member – submitted a White 
Paper to the Journal of Physics G that outlines the need for 
and design of IceCube-Gen2, the next-generation extension 
of IceCube. Through the addition of new optical and radio 
instruments to the existing detector, IceCube-Gen2 will 
increase the annual rate of cosmic neutrino observations by 
an order of magnitude, and its sensitivity to point sources 
will increase to five times that of IceCube. 

The extension is projected to be completed in 2033, with 
construction costs of around 300 million euros. The first step 
is already under way with the IceCube Upgrade, funded by 
the US National Science Foundation (NSF) and the Helm
holtz Association. The upgrade will add seven strings with 
new and enhanced optical modules to the centre of the 
IceCube array. The next phase will be to add 120 more 
strings, resulting in a total detector volume of nearly eight 
cubic kilometres. Near the surface, as a complementary tool 
to target the very highest neutrino energies, IceCube-Gen2 
will have a new radio component made up of detector 
“stations” covering around 500 square kilometres. This array 
will detect radio emission generated in the ice by particle 
showers, allowing scientists to reconstruct the energy of the 
shower and the arrival direction of the neutrino. 
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Virtual International Cosmic Day 2020

DESY scientist Ralf Wischnewski (centre) was presented a certificate by Sergey J. 

Nechayev (left), the Russian ambassador to Germany, and Andreas Goergen (right),  

the head of the Directorate-General for Culture and Communication of the German 

Foreign Office.

The TAIGA observatory in Siberia’s Tunka valley

Acclaimed German–Russian collaboration

As part of the German–Russian Year of University and 
Scientific Cooperation, the TAIGA observatory in Siberia’s 
Tunka valley was commended as an outstanding example of 
bilateral cooperation. DESY project manager Ralf Wisch­
newski accepted the award on behalf of the entire project at 
the closing ceremony of the cooperation year, held under the 
patronage of the Minister of Foreign Affairs of the Russian 
Federation and the Minister for Foreign Affairs of the Federal 
Republic of Germany. The Tunka Advanced Instrument for 
cosmic ray physics and Gamma Astronomy (TAIGA) is a 
complex, hybrid system of detectors for ground-based 
gamma-ray astronomy.

November

Farthest black hole from a rare family of galaxies discovered

An international team of astronomers, including scientists 
from DESY, has identified the farthest example of a rare 
class of gamma-ray emitting galaxies. The so-called BL 
Lacertae object appears as it was at cosmic dawn, within 
the first two billion years of the age of the universe. Today, 
the cosmos is 13.8 billion years old. Since the speed of light 
is limited, the farther astronomers look, the earlier the age of 
the universe they investigate. The newly discovered object is 
thus substantially farther away than the previous record 
holder, which was found at a distance corresponding to an 
age of the universe of about 2.5 billion years. The finding 
challenges the current scenario of the evolution of gamma-
ray emitting galaxies and the knowledge of the cosmic 
evolution of blazars and active galaxies in general.

International Cosmic Day 2020

The 9th edition of the International Cosmic Day on 4 Novem
ber brought together teachers, students and researchers to 
discuss and learn more about the various everyday pheno­
mena involving particles from outer space. Current research 
projects were also presented. Because of the pandemic, the 
Cosmic Day 2020 was held as a virtual event. 

Sustainability at DESY and Helmholtz speeds up 

On 12 November, the Digital Warm-up for the Helmholtz 
Sustainability Summit gave a foretaste of the next summit, 
which is planned to take place in 2021. The online event, 
which focused on societal responsibility in research, was 
attended by many employees from various Helmholtz 
centres, highlighting the great interest in sustainability 
throughout the centres and the demands for concrete action. 
At the end of the event, Christian Harringa, Administrative 
Director at DESY, presented the brand-new commitment to 
sustainable development of the Helmholtz Association – a 
voluntary commitment that must now be fulfilled. 
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QR code for the YouTube videos of the 

DESY Zeuthen School Lab

December

DESY PhD student wins dissertation prize of TU Dortmund

Kay Schönwald was awarded the 2020 dissertation prize of 
the physics faculty of TU Dortmund University. As part of his 
PhD in the Zeuthen theory group at DESY, Schönwald 
investigated the effect of heavy particles on deep-inelastic 
scattering and electron–positron annihilation. These precision 
results are of great importance for analyses at high-energy 
accelerators. His dissertation is entitled “Massive two- and 
three-loop calculations in QED and QCD”.

Videos from DESY Zeuthen School Lab 

As the School Lab at DESY in Zeuthen was closed during 
the pandemic, the university students who usually teach the 
pupils in the lab produced videos to explain phenomena 
such as vacuum and air pressure. The videos are available 
for free on YouTube.   
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Astroparticle physics
Astroparticle physics at DESY rests on three pillars: (i) observations of gamma rays, (ii) observations 

of neutrinos and (iii) their interpretation and understanding through astroparticle physics theory. 

Gamma rays and neutrinos are neutral messengers that are not deflected by magnetic fields on 

their way to Earth and therefore point back to their sources, allowing astronomical observations to 

be carried out. Further undeflected messengers are photons at smaller energies (radio waves to 

X-rays) and gravitational waves. In their contemporaneous observation and combination lies great 

strength, which will increasingly drive progress in the astrophysics of the most violent objects and 

events in the universe.
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Jets from accreting black holes 
Galaxies with actively accreting nuclei often show collimated 
relativistic outflows (jets), which exhibit non-thermal photon 
emission. The radio emission originates from relativistic 
electrons in the magnetic fields (synchrotron) of the jet.  
The origin of the extended X-ray emission, however, is still 
a matter of debate, although in the case of the galaxy 
Centaurus A, the X-ray emission has been suggested to be 
synchrotron in origin. The other possible explanation is that 
it originates from inverse Compton (IC) scattering of cosmic 
microwave background (CMB) photons. Synchrotron 
radiation at X-ray energies needs ultrarelativistic electrons 
(~50 TeV) and, given the fast time scale of their energy loss, 
would require a continuous re-acceleration mechanism to be 
active. An IC scattering origin of the X-ray emission, on the 
other hand, does not require very energetic electrons, but 
needs jets that stay highly relativistic on large scales (1 Mpc) 
and that remain well aligned with the line of sight. Some 
recent evidence disfavours IC CMB models, although other 
evidence seems to be compatible with them. The detection 
of extended gamma-ray emission, directly probing the 
presence of ultrarelativistic electrons, can be used to 
distinguish between these two options. So far, however, 
instruments have been unable to resolve the relevant 
structures. 

At a distance of 3.8 Mpc, Centaurus A is the closest known 
radio galaxy, offering a unique opportunity to better resolve 
the processes at play in the jets. Its small-scale radio 
morphology exhibits two inflated inner radio lobes extending 
to about 5 kpc from the nucleus. Along much of the length of 
the radio jet, from within 50 pc to 4 kpc, X-ray emission has 
been detected with the Chandra satellite. The source is also 
positionally close to a hotspot in the ultrahigh-energy 
cosmic-ray sky map. 

H.E.S.S. observations and analysis
To probe a possible extension at very high gamma-ray 
energies (VHE, E > 100 GeV), a total of 202 hours of 
observations of Centaurus A between 2004 and 2016 with 
the High-Energy Stereoscopic System (H.E.S.S.) gamma-ray 
telescope array in Namibia were selected, corresponding 
to a high-quality data set suitable for probing a possible 
extension. 

The point spread function (PSF) for the data set and 
configuration was simulated. It was convolved with different 
morphology models and fitted to the data. The different 
best-fit models were compared using the test statistic (TS) 
value as the figure of merit. In addition to the assumption of 
point-like emission, the data were also fitted using a radially 
symmetric Gaussian and an elliptical Gaussian model. 
Compared to a point-like source, the radially symmetric 
Gaussian was preferred with a TS of 6.1 and the elliptical 
Gaussian with a TS of 19.4. The considerable difference of 
the TS values implies a strong preference for the elliptical 
model over the radially symmetric model. The result obtained 
from the fitting is illustrated in Fig. 1. The physical extension 
of the semi-major axis of the best-fit elliptical Gaussian 
exceeds 2.2 kpc, implying that a major part of the VHE 
emission arises on large scales, far away from the black hole. 

Modelling and interpretation
The derived alignment with the jet direction and the known 
spectral characteristics are in line with models where the 
VHE gamma-ray emission originates from IC upscattering of 
low-energy photons by very energetic electrons accelerated 
along the jet. Figure 2 shows a reproduction of the spectral 
energy distribution (SED) from radio to gamma-ray energies 
for jet scales close to 2.2 kpc. The IC emission on these 
scales is dominated by upscattering of infrared photons 

The international H.E.S.S. collaboration, in which DESY is involved, has discovered that the very-high-energy 
gamma-ray emission from the jets of accreting black hole systems is not concentrated in the region close 
to their central black hole. Instead, the emission was found to extend over several thousand light years 
along the fast outflowing jets of plasma produced by the central black hole. The discovery shakes up current 
scenarios on the nature of this cosmic accelerator region. 

Resolving extended emission  
from the jets of Centaurus A
First discovery of extended extragalactic object in very-high-energy gamma rays



Figure 2

Observed and modelled spectral energy distribution from radio to gamma-ray energies 

for the inner, kpc-scale jet of Centaurus A. The green curve designates the synchrotron 

emission of the inferred broken-power-law electron distribution in a magnetic field 

of characteristic strength B = 23 µG. The blue butterfly corresponds to the H.E.S.S. 

spectra, while green data points mark radio, infrared and X-ray measurements and 

reported uncertainties from the inner region of the Centaurus A jet. A breakdown is 

provided of the full IC contribution. From [1]. 

Figure 1

Multiwavelength image of the galaxy Centaurus A. The colour map represents the 

radio (21 cm) Very Large Array (VLA) map of Centaurus A after convolution with the 

H.E.S.S. PSF. Contours of the unconvolved VLA map, with levels adjusted to highlight 

the core (corresponding to 4 Jy/beam) as well as the kpc-scale jet (0.5 Jy/beam), are 

drawn in black. The VHE gamma-ray morphology of Centaurus A is represented by 

a white dashed contour, which is derived from the 5 excess significance level of the 

H.E.S.S. sky map. The result of the best fit of an elliptical Gaussian to the H.E.S.S. 

measurement is shown in blue. The dashed green line denotes the 68% containment 

contour of the H.E.S.S. PSF. From [1]. 
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emitted by dust, with the scattering occurring predominantly 
in the Thomson regime. Note that the considered large-scale 
model is not intended to reproduce the high-energy emission 
below a few GeV, as this part of the SED is usually attributed 
to emission from the core. 

The observed VHE extension provides the first direct 
evidence for the presence of ultrarelativistic electrons with 
Lorentz factors of around 108 within an extragalactic large-
scale jet. Assuming a synchrotron origin, the observed X-ray 
spectral slope translates into a photon index of around 2.4, 
which is close to that derived from Chandra observations 
(2.29 ± 0.05 and 2.44 ± 0.07 for the inner and middle region, 
respectively). The results thus substantiate the synchrotron 
interpretation of the X-ray emission seen in the large-scale 
jet of Centaurus A, which was originally motivated largely 
by similarities between the radio and X-ray morphologies.  
Given that the synchrotron lifetimes of these extremely 
energetic electrons can be as low as a few hundred years, 
i.e. considerably less than the travel time down the jet, 
which is on the order of thousands of years, the detection 
of extended X-ray emission on kpc scales related to 
synchrotron emission requires the existence of an efficient, 
extended or distributed (re-)acceleration mechanism far 
away from the black hole, such as stochastic or shear 
particle acceleration. 

Contact: 
Andrew Taylor, andrew.taylor@desy.de

Reference: 
[1] H. Abdalla et al., Nature 582, 356–359 (2020)

Interestingly, IC emission of the kpc-scale jet is found to 
make a major contribution to the unexpected spectral 
hardening seen in the high-energy gamma-ray emission 
of Centaurus A (Fig. 2). With its superior resolution and 
sensitivity, the next-generation Cherenkov Telescope Array 
(CTA) will, in a few years time, be able to probe deeper into 
the VHE extension and search for potential VHE variability 
that would impose constraints on the ratio of the extended 
gamma-ray flux to the one from the core region. 
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AMPEL is designed to provide astronomers and astrophysicists 
with a framework in which complex real-time data streams 
can be processed without needing to compromise on either 
analysis power or transparency. AMPEL connects multi­
messenger observatories in the FAIR way for the first time 
(i.e. the data meet the principles of findability, accessibility, 
interoperability and reusability). Its approach has already led 
to transformative research.

The AMPEL live instance is hosted at the DESY computer 
centre in Zeuthen, ingesting streams from the Zwicky 
Transient Facility (ZTF), the IceCube neutrino observatory 
and the LIGO/Virgo gravitational wave detectors. It serves a 
broad range of users, who are provided with a convenient 
framework to perform real-time analyses. FAIR data principles 
have guided the AMPEL development, which manifests in a 
system that consistently records real-time decisions and 
responses, while also allowing all decisions performed in 
real time to be reproduced at a later stage in the “offline” 
mode of the framework. Some early results include:

•	 Neutrino sources:  
AMPEL continuously searches for coincidences between 
signs of neutrinos hitting the IceCube detector embedded 
in the South Pole ice and optical light captured by the 
ZTF telescope in California, USA. This succeeded in 
2019, when AMPEL connected a high-energy, cosmic 
muon neutrino (GCN 25913) with the disruption of a star 
close to a black hole [2]. This is only the second high-

energy neutrino that could be traced to its source, and 
the first to this kind of rare event. In the meantime, a 
second such system has been identified through the 
AMPEL program. 

•	 Gravitational wave sources:  
One of the most spectacular scientific successes in 
recent times is the detection of gravitational waves 
through the LIGO/Virgo detectors and the identification of 
a kilonova as an electromagnetic counterpart. AMPEL 
has now become a standard tool for subsequent searches 
for more counterparts, where gravitational wave signals 
are combined with other astronomical observation [3, 4] 
(Fig. 1).  

•	 Autonomous detection of supernovae:  
Supernovae, i.e. stars exploding at the end of their life, 
are bright enough to be visible through most of the 
history of the universe, while allowing physicists to probe 
temperatures and densities not accessible in labs on 
Earth. AMPEL has pioneered the autonomous selection 
of such events and is making them immediately public to 
the community for possibly in-depth observation. About 
1300 supernovae, or a third of discoveries worldwide, 
have so far been parsed in real time from more than 
200 million alerts (Fig. 2). The AMPEL real-time reaction 
pipeline now regularly discovers supernovae mere hours 
after their explosion and triggers immediate follow-up 
through robotic telescope networks.

Real-time multimessenger observations probe the most energetic, distant and rare phenomena in the 
universe, with recent discoveries ranging from the observation of the counterparts of the gravitational waves 
generated by the merger of two neutron stars to the identification of the first source of high-energy cosmic 
neutrinos – a bright gamma-ray blazar. The key data come in the form of real-time streams, which need to 
be analysed as the data arrive, and where new detections require quick and efficient dissemination to the 
scientific community. Researchers are currently faced with the challenge of how to harness the large and 
heterogeneous data streams generated by modern astronomical facilities, while at the same time adhering 
to the scientific principles of reproducibility and information sharing. DESY researchers, together with 
collaborators from Humboldt-Universität zu Berlin, have developed the AMPEL software platform to address 
these challenges [1]. An early version has already led to a wide range of important results.

Multimessenger astronomy  
with AMPEL
Software for discoveries 
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Since 2019, about 1300 supernovae, or a third of discoveries worldwide, have 

been submitted through AMPEL to the Transient Name Server (TNS, the official IAU 

mechanism for reporting new astronomical transients such as supernova candidates). 

Figure 1

Coverage of the LIGO/Virgo gravitational wave event S190425z. The squares show the ~47 deg2 ZTF tiling of the search area on the sky from which the gravitational wave signal 

is expected. No plausible counterpart was detected [3]. 
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While these specific scientific results are at the forefront of 
research in astronomy and astrophysics, the long-term 
implication of AMPEL is even greater in terms of how 
science programs are carried out. The core innovation of 
AMPEL is the separation between the data infrastructure 
and the algorithms developed for scientific analysis. The 
first aspect requires expert know-how of reliable, high-
performance software design, while the second entails 
in-depth knowledge of different aspects of physics and 
astronomical sciences. AMPEL creates an environment that 
combines these aspects into a full framework capable of 
processing data from large astronomical observatories.

The modularity and open access of AMPEL provide a way 
for other scientists to directly access and work with real-
time data. This is true for multiple aspects of astronomy: 
Smaller telescope facilities can integrate their data with 
those of larger facilities, scientific software developers 
can publish their code as modules for general use, and 
observers can fine-tune selection filters. Theorists and 
modellers can use the offline AMPEL data archives to 
compare their ideas with the observed data sets. Current 
efforts are directed at making AMPEL more user-friendly 
and accessible, and hence broadening its user base. 

Contact: 
Marek Kowalski, marek.kowalski@desy.de

References: 
[1] J. Nordin et al., Astron. Astrophys. 631, A147 (2019)
[2] R. Stein et al., Nat. Astron. (2021), arxiv:2005.05340 [astro-ph.HE]
[3] M. W. Coughlin et al., Astrophys. J. Lett. 885 1, L19 (2019)
[4] M. M. Kasliwal et al., Astrophys. J. 905 2, 145 (2020)
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The IceCube detector at the South Pole, in which DESY is strongly involved, was the first neutrino 
telescope to reach dimensions of 1 km3, a size that is critical for the discovery of cosmic neutrinos. 
After 10 years of successful operation, the time has now come to plan the generation ahead. 
IceCube-Gen2 will feature an eight times larger optical sensor array than IceCube and a novel 
radio detector for neutrinos that will cover an area of nearly 500 km2. In 2020, the IceCube‑Gen2 
collaboration published a summary of the capabilities and design of the new instrument. It will 
not only be able to detect five times fainter sources than IceCube, but also allow the collaboration 
to explore the cosmos for neutrinos with energies beyond 1018 eV, which can only originate from 
the interactions of highest-energy cosmic rays. Last but not least, it will also be a unique particle 
physics instrument capable of studying neutrino flavour mixing over baselines of gigaparsecs to 
hunt for physics beyond the Standard Model (BSM). 

The IceCube-Gen2 observatory
To realise IceCube-Gen2 [1], the existing IceCube detector 
will be expanded through the installation of more than 
10 000 newly designed optical sensors (IceCube has only 
about 5000!). They will be deployed in 120 new boreholes 
around IceCube, each 2.6 km deep. The new sensor design 
is closely based on the multipixel digital optical modules 
(mDOMs) developed in Germany and built at DESY for the 
IceCube Upgrade currently under way. They collect more 
than twice as much light as the IceCube sensors and will be 
arranged with a distance of 240 m (IceCube: 125 m) between 
the boreholes. In total, this will result in an eight times larger 
optical sensor array. 

The new radio array targets the highest energies, where 
optical sensors would neither be cost-effective nor logistically 
possible. A single radio station can scan a volume for 
neutrinos that is comparable to the entire IceCube detector, 
albeit only for energies above around 100 PeV. The radio 
stations will have antennas on and 100 m below the surface 
to detect the radio waves from electromagnetic and hadronic 
particle showers produced in the ice by the ultrahigh-energy 
neutrinos. 

Figure 1 shows an artist’s impression of the new IceCube-
Gen2 facility. Once construction starts, DESY will be a key 
player for the assembly and testing of the optical sensors  
as well as for the instrumentation and calibration of the 
radio array. 

Science highlights
It is impossible to describe the science of such a large-scale 
facility in a short highlight article. As a small teaser, Fig. 2 
shows the energy range and the precision of the measure­
ment of the cosmic neutrino spectrum, in relation to the 
spectrum of cosmic rays and extragalactic gamma rays. 
Tens of neutrino sources are expected to be identified with 
the new instrument, directly or through multimessenger 
observations with new survey facilities that are currently 
being constructed, such as the Cherenkov Telescope Array 
(CTA), the Vera C. Rubin Observatory, or the Square 
Kilometre Array (SKA). Analysis of the flavour composition  
of the high-statistics cosmic neutrino “beam” allows tight 
constraints to be placed on astrophysical production 
environments, but also on BSM physics effects that the 
neutrinos encounter on their billion-year-long journey to 
Earth. 

The full science programme is summarised in the recently 
published White Paper [2], a collective effort of the IceCube-
Gen2 collaboration, led by DESY scientists. 

From design to construction
While the full IceCube-Gen2 facility is presently only a vision, 
the IceCube Upgrade currently under way is already a critical 
step towards this long-term goal, enabling the test of new 
sensor technologies. IceCube-Gen2 is planned as a large 
international science facility under the leadership of the US 
National Science Foundation (NSF) with major contributions 
from Germany and Japan. After funding approval, construc­
tion of IceCube-Gen2 could start in 2024, with the final 
configuration reached in 2033.

Preparing for the next big leap  
in neutrino astronomy
IceCube-Gen2 science White Paper published



Figure 1

Artist’s impression of the new IceCube-Gen2 observatory. The current IceCube detector is surrounded by the IceCube-Gen2 optical 

array. The radio stations visible on the surface stretch out over an area of 500 km2.

Figure 2

The blue data points indicate the expected energy range and precision of the measurement of the cosmic neutrino spectrum with 

IceCube-Gen2, in comparison to current IceCube results and in relation to the extragalactic gamma-ray and ultrahigh-energy  

cosmic-ray spectrum. 

10-1 100 101 102 103 104 105 106 107 108 109 1010 1011 1012

Energy [GeV]

10
10

10
9

10
8

10
7

10
6

10
5

E
2

×
[G
e
V
s

1
sr

1
cm

2 ]

Diffuse (Fermi LAT)
Cosmic rays (Auger)
Cosmic rays (TA)

IceCube (ApJ 2015)
IceCube (tracks only, ApJ 2016)
IceCube-Gen2 (10 years)

Astroparticle physics | 23

Contact: 
Markus Ackermann, markus.ackermann@desy.de
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[2] M. G. Aartsen et al., J. Phys. G: Nucl. Part. Phys. 48, 060501 (2021)
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Very-high-energy (VHE) gamma rays are among the highest-energy forms of electromagnetic radiation. They 
can originate in extreme astrophysical environments harbouring very powerful cosmic particle accelerators. 
The MAGIC gamma-ray telescopes on the island of La Palma, Spain, in which DESY is involved, have detected 
an extremely bright VHE gamma-ray outburst from a nearby blazar. The registered emission was the 
historically highest from this source since 2002. Moreover, the observed gamma rays were highly variable 
within very short time scales. The observations constrained the physical processes driving the radiation and 
acceleration of high-energy particles within this source.

Blazars as VHE gamma-ray emitters
Blazars are among the most powerful objects in our known 
universe. At the centre of these active galactic nuclei resides 
a supermassive black hole, with a billion times more mass 
than our sun. The black hole swallows the surrounding matter, 
which forms an accretion disk around it. Perpendicular to the 
black hole and the accretion disk, relativistic outflows of 
plasma are ejected, known as jets. In the case of blazars, 
these jets point towards Earth.

Blazar jets are among the most efficient particle accelerators 
in our universe. They can carry huge amounts of power to 
large distances, not only in the form of radiation but also as 
kinetic energy of matter and fields. 

The origin of the highest-energy cosmic rays, which are 
mainly composed of protons, is one of the biggest unsolved 
mysteries in astrophysics. Whether blazar jets are efficient 
production factories of such high-energy protons is still 
being actively researched. Observing and interpreting a 
blazar’s electromagnetic emission is of paramount importance 
in this respect. It can provide a wealth of information regarding 
the emission mechanisms, the nature of the emitting particles 
and the acceleration processes driving them. 

The electromagnetic emission from blazars is mainly 
dominated by the non-thermal radiation from the jet. The 
radiation spans a broad range of frequencies from radio up 
to VHE gamma rays (with energies above 50 GeV). The origin 
of the high-energy radiation component is still a mystery. 
Moreover, blazars are highly variable objects, i.e. their 
electromagnetic radiation shows sudden episodes of 
increased brightness, popularly known as flares. The flares 
indicate an exceptional state of the source. If they are fast 
enough, they often carry information from the innermost 
regions of the jet lying close to the central black hole. 

The MAGIC gamma-ray telescopes, located on the Canary 
Island of La Palma, Spain, are one of the key instruments 
observing the VHE gamma radiation from blazars. The 
observations are performed in two modes – the long-term 
monitoring mode lasting several months to years and the 
response to short-term flaring events from a particular source.

Exceptional gamma activity from a nearby blazar
1ES 1959+650 is a blazar closely monitored by the MAGIC 
telescopes. It is quite bright in VHE gamma rays and located 
nearby, thus providing an ideal target for a detailed investi­
gation of blazar jets. This source is particularly interesting 
because it exhibited an “orphan” gamma-ray flare in 2002 – 
a huge increase in the VHE gamma-ray output without a 
simultaneous rise in any of the other frequencies. Such a 
behaviour is difficult to explain using the conventional frame
work, in which highly relativistic electrons are assumed to be 
the primary source of the overall photon output. Since then, 
a lot of curiosity has arisen to investigate whether the source 
could be a potential accelerator of high-energy cosmic rays. 

In the summer of 2016, the MAGIC telescopes detected 
episodes of extreme flaring activities from 1ES 1959+650. A 
team of researchers from Japan, including DESY scientists, 
has been monitoring the evolution of the source since 
January 2016. In [1], the researchers provide a detailed 
characterisation of the source during its intense flaring 
activities in 2016.

The energy flux output of a VHE gamma-ray source is measured 
in terms of the flux from the Crab Nebula, which is a quite 
bright and stable source of gamma rays. In June 2016, the 
VHE gamma-ray flux from 1ES 1959+650 measured by 
MAGIC reached values as high as three times that of the 
Crab Nebula. The highest observed photon energy was 
measured to be around 10 TeV. The intense activity period 

Very intense and highly variable  
gamma-ray activity of a nearby blazar
Investigating short time scale electromagnetic explosions in blazars
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Figure 1

Fast, very high energy variability on sub-hour time scales of the blazar 1ES 1959+650, 

observed on 13 June 2016. The black data points indicate the flux above 300 GeV 

observed from the source with a 10 min time binning. The flux of the Crab Nebula 

above the same energy threshold is shown as the blue dotted line for comparison.

Figure 2

Spectral energy distribution of 1ES 1959+650 on 13 June 2016. The MAGIC (red 

squares) and Fermi-LAT (magenta squares) data fully characterise the high-energy 

electromagnetic component. This component could be explained by synchrotron 

radiation from relativistic protons (cyan dot-dashed line) accelerated to ultrahigh 

energies in a dense magnetic environment with high acceleration efficiency.
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continued for two days on 13 and 14 June, followed by a 
similar activity on 1 July 2016. These observations represent 
the brightest state of 1ES 1959+650 in the last 18 years. 
Throughout the year 2016, the source showed a high rate of 
activity compared to its typical behaviour.

Interestingly, the flares on 13 June (Fig. 1) and 1 July 2016 
showed a very fast variability. In their publication, the authors 
provide a detailed investigation of the variability properties 
of the source. The time scale of the fast variability was 
estimated to be less than an hour, indicating a rapid change 
in the gamma-ray flux of the source within short time scales. 
Thanks to the brightness of the flares, the flux variability 
could be resolved in such fine time bins with high precision.

The VHE gamma-ray data obtained by MAGIC was combined 
with data from multiple instruments covering a wide energy 
band, including the Large Area Telescope (LAT, high-energy 
gamma rays) on board the Fermi Gamma-ray Space Tele­
scope and the instruments on board the Neil Gehrels Swift 
Observatory (X-ray and optical/ultraviolet). During the highest 
flaring episodes in June 2016, simultaneous data from all the 
measuring instruments were available. Such a simultaneous 
data set is crucial in order to gain a detailed understanding 
of the blazar’s underlying quickly varying physical state.

Implications for the physical jet environment
The accumulated broadband data set showed that during the 
exceptional flaring activities, X-rays and VHE gamma rays 
dominated the overall electromagnetic output from the source, 
i.e. the broadband spectra peaked at these two energies. 

The measured fast variability time scales indicate that the 
flaring activities could have originated from small compact 
regions in the inner part of the jet. The authors also investi­
gate different possible frameworks that could explain the 

VHE gamma-ray emission, which extended up to energies of 
several TeV. Although the standard scenario of relativistic 
electrons giving rise to the gamma-ray output could not be 
ruled out, it was postulated that the origin of the gamma rays 
could also be attributed to an accelerated proton population 
(Fig. 2). This physically viable scenario could arise in the 
presence of dense magnetic field regions in the inner part of 
the jet, where protons could efficiently be accelerated to 
ultrahigh energies. In such dense magnetic environments, 
the accelerated protons can cool down sufficiently fast 
within short time scales compatible with the observed very 
high energy variability.  

The observation of a high-energy neutrino from the direction 
of 1ES 1959+650 coincident in time with the observed 
electromagnetic flares would provide concrete evidence 
regarding the possibility of proton acceleration within the 
source. This is because neutrinos are unambiguous 
signatures of proton interactions, while gamma rays can 
originate from emission by both electrons and protons.  
The authors conclude that the level of neutrino emission 
expected from the source, even during its exceptional 
outburst state, falls below the sensitivity of the current 
generation of neutrino telescopes and hence cannot be 
measured directly. However, the potential of 1ES 1959+650 
to accelerate protons to high energies still remains a 
physically plausible scenario, albeit open to tests by future 
generations of neutrino telescopes with improved sensitivity.

Contact: 
Wrijupan Bhattacharyya, wrijupan.bhattacharyya@desy.de

Reference: 
[1] V. A. Acciari et al., Astron. Astrophys. 638, A14 (2020)



26 | Astroparticle physics

A team of scientists led by researchers from DESY have detected a mysterious gamma-ray heartbeat 
coming from a cosmic gas cloud. The inconspicuous cloud in the constellation Aquila beats to the rhythm 
of a neighbouring, precessing black hole, indicating a connection between the two objects, despite the 
large distance of around 100 light years between them. How the influence of the black hole can reach these 
distances remains a mystery.

The microquasar SS 433
Microquasars, the local siblings of the much larger extra­
galactic quasars, are binary systems comprising a black hole 
and a massive companion star. By accreting matter from 
their companions, microquasars launch powerful winds and 
jets into space, changing the interstellar environment around 
them. In such outflows, particles can attain relativistic 
velocities, which result in an increase of their energies to 
extreme values, up to more than TeV. 

SS 433 [1] is a unique galactic microquasar containing a 
compact object, most probably a black hole of ~10–20 solar 
masses orbiting a supergiant star with about 30 times the 
mass of our sun. The two objects are orbiting each other 
with a period of 13 days, while the black hole sucks matter 
from the giant star. The material accumulates in an accretion 
disc and is shot out at high speed in two narrow jets, similar 
to those in active galaxies with much larger black holes in 
their centre. As SS 433 looks like a scaled-down version of 
quasars, it has been dubbed a microquasar. 

Since the accretion disc does not lie exactly in the plane 
of the orbit of the two objects, the outflow precesses with 
a period of ~162 days, and the two jets spiral into the 
surrounding space. 

Observations
The high-speed particles and the ultrastrong magnetic fields 
in the jet produce radio waves, X-rays and gamma rays [2, 3]. 
A detailed analysis from data obtained during more than 
10 years with the Large Area Telescope (LAT) on board 
the Fermi Gamma-Ray Space Telescope resulted in an 
unexpected discovery: A gamma-ray signal [4] (dubbed 
Fermi J1913+051) in the GeV regime was found, located 
relatively far from the region that is believed to be affected 
by the microquasar. In an attempt to explore whether this 

excess was linked to SS 433, the research team investigated 
the time imprint of the gamma-ray emission, analysing the light 
curve or variation of the emission. The signal was found to be 
modulated with the same precession period displayed by the 
jets, suggesting a direct connection between the two phenom­
ena. The precessional-phase light curve is shown in Fig. 2. 

To investigate the origin of the gamma-ray source and the 
connection with the microquasar, the DESY researchers 
scrutinised multiwavelength images in radio waves and 
X-rays. Images obtained in the X-ray regime (0.9–2 keV band) 
with the ROSAT X-ray satellite revealed two clear helical 
patterns, which mirror at large scales the precession of the 
jets from SS 433. Fermi J1913+0515 is not located within the 
extrapolated jet cone, however, rendering a direct illumina­
tion of the region by the microquasar outflows difficult. 

Furthermore, the large-scale gas residing in the region was 
analysed using the Galactic ALFA H I (GALFA) survey data 
from the 305 m telescope of the Arecibo Observatory: At the 
same distance to Earth than the microquasar (~4 kpc), an 
excess of atomic gas was found, coinciding with the gamma-
ray source. The cloud, with a size of ~20 pc, has an average 
density of ~22 cm-3 and is not particularly prominent compared 
with other massive structures in our galaxy.  

Interpretation
The large distance (~30 pc) and lack of clear physical 
connection between the gamma-ray source and the micro­
quasar pose a significant interpretation challenge: What is 
the mechanism powering the GeV emission? How is this 
periodic signal generated?

The overlapping position of the gamma-ray source and the 
gas excess suggests a hadronic mechanism powering the 
gamma-ray emission. Protons accelerated in the central 

Gamma-ray heartbeat  
powered by a microquasar
Discovery of a periodic gamma-ray signal from the microquasar SS 433



Figure 1

Artistic representation of the emission of the microquasar SS 433, swaying and 

illuminating the gas cloud Fermi J1913+0515. The cloud, which is about 35 pc away 

from the black hole, pulsates with the same rhythm, indicating a direct connection.

Figure 2

Analysis of Fermi-LAT data in precessional phases. a) Test statistic (TS) maps of the 

SS 433 region in the 1–300 GeV band for the precessional phases 0.0–0.5 (left) and 

0.5–1.0 (right). The white contours show the radio continuum emission as measured 

by the Effelsberg telescope at 11 cm wavelength. The 95% confidence level circle 

of the positions of Fermi J1913+0515 and the west excess are shown in green. 

b) Precessional-phase light curve of Fermi J1913+0515 in the 1–300 GeV band for 

bin sizes of 0.5 (blue) and 0.25 (red). The vertical error bars indicate the 68% credible 

interval, and the upper limits are at the 95% confidence level. Image from [4].

Figure 3

Map of the hydrogen 21 cm (H I) line emission as measured by the Arecibo Observa

tory, integrated in the interval 65–82 km/s (colour scale). The contours and labels are 

as in Fig. 2. Image from [4].
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region of the microquasar or at its outflows (jets or the 
equatorial outflow recently characterised by the NuSTAR 
X-ray telescope [5]) can diffuse from their injection point 
and produce hadronic gamma rays when encountering 
appropriate targets. Energetically, this scenario can easily 
account for the observed radiation (~3 x 1034 erg/s), but the 
expected times can hardly explain the periodicity. Even 
assuming a periodic, impulsive injection of cosmic rays 
containing most of the jet energy released in a single period, 
these injections would not be energetically relevant individu­
ally, providing a cosmic-ray density that is smaller than the 
cosmic-ray background in our galaxy. 

Direct periodic illumination of the cloud region by the eastern 
jet also seems unlikely. On the one hand, the coherence of 
the radio jet seems to be sustained on the arcsecond scale 
only. Simulations confirm that the jet loses the helical 
morphology after a few precession cycles, due to the inter­
action with the surrounding medium. On the other hand, the 
location of Fermi J1913+0515 away from the jet cone disfavours 
this idea, unless there is a larger, so far unobserved cone.

Future observations with the satellite-based eROSITA X-ray 
telescope and with high-energy gamma-ray observatories 
such as the Cherenkov Telescope Array (CTA) should reveal 
further pieces of the puzzle. The game is still ongoing, and 
SS 433 continues to amaze observers and theorists alike 
at all frequencies. It will certainly provide a test bed for our 
ideas on cosmic-ray production and propagation near 
microquasars for years to come.
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The installation and operation of prototypes for the next-generation gamma-ray observatory, the Cherenkov 
Telescope Array (CTA), are crucial steps towards the construction of this novel instrument. Prototype 
telescopes, many with significant contributions by DESY, are successfully demonstrating the technical 
concept of CTA and the feasibility of building large arrays of telescopes in remote environments. The 
astronomical standard candle of the field, the Crab Nebula – a pulsar wind nebula powered by a rotating 
neutron star – has been detected by three prototype installations, while the DESY-led mid-sized telescope 
successfully measured Cherenkov light from air showers in Berlin. 

The Cherenkov Telescope Array
The next-generation gamma-ray observatory CTA will 
improve sensitivity by up to one order of magnitude over the 
current generation of imaging air Cherenkov telescopes 
(IACTs). CTA, built with worldwide contributions under the 
leadership of the CTA Observatory, will be able to observe 
celestial gamma-ray sources from a northern site located on 
the island of La Palma, Spain, and a southern array located 
near Paranal, Chile. CTA will be sensitive to gamma rays over 
an energy range from 20 GeV to beyond 300 TeV. This wide 
energy range, unreached by any previous instrument, 
requires the deployment of telescopes of different sizes, 
from gigantic large-sized telescopes (LSTs) with a mirror 
diameter of 23 m over 12 m mid-sized telescopes (MSTs) to 
small-sized telescopes (SSTs) with roughly 4 m mirror 
diameter. CTA will consist of at least nine telescopes on 
La Palma and at least 40 telescopes in Chile. Building and 
operating the telescopes in these remote environments is 
challenging and requires extensive prototyping.

Large-sized telescopes
The LST prototype is the first CTA telescope built on the 
Roque de los Muchachos, CTA’s northern site on La Palma. 
The prototype has been in operation since early 2020, and all 
technical requirements, especially regarding the optical 
image capabilities and the performance of the sophisticated 
trigger to suppress night sky background light, have been 
met. During the commissioning runs, the LST prototype 
detected several gamma-ray sources, including the Crab 
Nebula [1]. Measurements of pulsed gamma-ray emission 
from the pulsar located inside the Crab Nebula and from 
the Geminga pulsar during several engineering runs 
demonstrated the detection power of the LST concept.  

The LST prototype is regularly operated together with the 
nearby MAGIC gamma-ray telescopes, allowing for a detailed 
characterisation of its performance. The production of the 
components for the additional three LSTs to be built on La 
Palma is ongoing.

Small-sized telescopes
Extensive air showers at the highest energies – above 
several TeV – emit a large amount of Cherenkov light, so 
much smaller telescopes are sufficient to measure them. An 
SST prototype was successfully operated on the slopes of 
Mount Etna in Sicily and detected gamma rays from the Crab 
Nebula at energies above several TeV [2]. The SST camera, 
equipped with 2048 silicon photomultiplier pixels, allows 
Cherenkov light from air showers to be captured in hundreds 
of frames, each lasting one billionth of a second. The success­
ful prototyping and the smooth integration of the telescope 
structure, camera and auxiliary instruments are important 
milestones for the deployment of up to 50 SSTs at CTA’s 
southern site in Chile.

Mid-sized telescopes
The energy range between 100 GeV and tens of TeV is 
covered by an array of MSTs, with a telescope structure 
developed under the leadership of DESY. The MST prototype 
in Berlin-Adlershof demonstrated the mechanical and optical 
capabilities of the concept, and air showers were measured 
with two different camera designs installed temporarily on 
the prototype (Fig. 1, see also annual report DESY Astro­
particle Physics 2019, [3]). The first MSTs on the CTA site on 
La Palma will be assembled starting in mid-2022, so as to 
complete the CTA northern array of four LSTs and at least 
five MSTs by 2024. 

CTA prototype telescopes
Big steps towards a major new science facility



Figure 1

First measurements of Cherenkov light from extensive air showers with the MST 

prototype in Berlin-Adlershof and the FlashCam camera system [1]. Each hexagon 

depicts a photomultiplier. The colour scale indicates the measured brightness of the 

air shower. Exposure time in this image is roughly 10 ns. 

Figure 2

Sky map recorded with the pSCT over a region centred on the Crab Nebula, with the 

detection of the Crab Nebula marked at the centre
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The prototype Schwarzschild–Couder Telescope (pSCT) 
establishes a new technology that allows gamma rays to be 
measured with extraordinary precision. The pSCT, a dual-
mirror MST candidate equipped with a 9.7 m primary mirror 
and a secondary smaller mirror, uses the same positioner 
and drive technology that DESY developed for the MSTs. 
The prototype is operated next to the VERITAS gamma-ray 
telescopes at the Fred Lawrence Whipple Observatory in 
Arizona, USA. The detection of the Crab Nebula in early 
2020, a first for such a large dual-mirror installation, 
established this novel design (Fig. 2) and can be seen as 
a breakthrough for future installation [4]. The SCT optics 
provides improved optical quality over a larger field of view 
in the sky and allows the use of a compact camera equipped 
with highly efficient photo sensors.

In summary, the prototype installations have demonstrated 
the maturity of the design of all the CTA telescope types. The 
focus in 2021 will be on the development of the necessary 
infrastructure at both sites and the installation of the first 
telescopes. CTA is expected to be fully operational in 2025.
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Figure 1

The composition of magnetohydrodynamic (MHD) turbulence depends on driving [1].
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Turbulence is ubiquitous in astrophysical plasmas, owing to their vast size span and the resulting huge Reynolds numbers. The diversity of 
driving mechanisms and the multiphase nature of astrophysical environments naturally lead to spatial variations of the turbulence properties. 
Scientists from DESY and the University of Potsdam, Germany, have developed a novel method, called signature from polarisation analysis 
(SPA), for unveiling the plasma modes in interstellar turbulence. The application of SPA to synchrotron polarisation data from the galactic 
medium has revealed for the first time that interstellar turbulence is magnetised according to the different compositions of the plasma modes. 
Our results pinpoint the necessity to account for the plasma property of turbulence, which is neither hydrodynamic nor purely Alfvénic, but 
depends on local physical conditions, particularly the process driving the turbulence. 

Composition of turbulence depends on driving 
Astrophysical turbulence is often assumed to be only Alfvénic, 
or even hydrodynamic. Our theoretical and observational 
studies invalidate these assumptions. In many earlier studies, 
turbulence was driven only by incompressible forcing. 
Employing turbulence driven by generalised forcing [1], we 
found that the proportion of magnetosonic fast and slow 
modes in the mode mixture increases with increasing 
compressive forcing (Fig. 1). We found a transition from weak 
to strong Alfvénic turbulence in the low Alfvén Mach number 
(MA) regime. On the other hand, the fast mode did not show 
any transition from the trans-Alfvenic to the sub-Alfvénic 
regime. We also verified the isotropic nature of fast modes. 
Our numerical study identified the conditions under which 
magnetosonic modes can be substantial, including the 
regime of weak turbulence. 

How do driving mechanisms change 
turbulence properties and cosmic-ray 
transport?  
Deciphering plasma mode composition with simulations and observations

SPA reveals plasma mode information of turbulence 
Using the novel SPA method, we observed the composition 
of plasma modes in the interstellar medium [2]. SPA links the 
synchrotron polarisation properties to different plasma modes 
(Fig. 2). In the study, the diagnosis routine was established 
by combining analytical derivations and extensive numerical 
simulations of synthetic polarisation signals from turbulent 
magnetic data cubes in different regimes. The SPA method 
was then applied to the observational data of the Urumqi 
6 cm polarisation survey of the galactic disk at 6 cm wave
length. We analysed the polarisation data from the Cygnus X 
region and a region near the Rosette Nebula, known for 
massive star formation and supernova remnants in our 
galaxy [3]. We found various plasma modes in these regions, 
with different dispersion relations and characteristics. This 
discovery clearly points out the diversity of interstellar 
turbulence caused by the differences in turbulence driving 
mechanisms and local environments [1], invalidating the 
single-mode assumption commonly made in studies involving 
astrophysical turbulence. 

Cygnus X gamma-ray cocoon and turbulence  
plasma properties 
More excitingly, we found a high degree of consistency 
between the magnetosonic modes we detected and the 
Cygnus X gamma-ray cocoon (Fig. 3), a region of intense 
gamma-ray emission, detected by the Large Area Telescope 
(LAT) on board the Fermi Gamma-Ray Space Telescope, 
whose origin has been a matter of debate. The unveiled 
consistency points to the key role of magnetosonic turbulence 
in cosmic-ray transport, perfectly in line with our earlier 
theoretical prediction [4] based on the modern understanding 
of magnetohydrodynamic turbulence [5, 6].

The application of SPA to synchrotron polarisation data from 
the galactic medium has thus revealed for the first time that 



Figure 2

Schematics for SPA analysis of radio observational data. Relativistic electrons produce polarised synchrotron emission, which exhibits the statistics of the turbulent 

magnetic field embedded in the medium [2].
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interstellar turbulence is magnetised according to the different 
compositions of the plasma modes, pinpointing the necessity 
to account for the plasma property of turbulence. These 
results have important implications for relevant astrophysical 
processes, such as cosmic-ray physics and star formation. 
A highly promising research field is foreseen to unfold, with 
ample results anticipated from the advanced analysis of 
high-resolution synchrotron polarisation data and multiple-
wavelength comparison, which will shed light on the role of 
turbulence in various physical processes.
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Figure 3

Turbulence modes identified in the Cygnus X region plotted over the Fermi-LAT gamma-ray map. Green: Alfvénic, red: magnetosonic, blue: isotropic turbulence. 

The distance of the object is 1.4 kpc. The radius of the eddy is ~15 pc [2].
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