
The burst came, it has to be said, out of 
the blue. Extremely bright, extremely 
short, and most of all, extremely un-
expected. British astrophysicist Dun-
can Lorimer and his student David 
Narkevic spotted it in 2007 while sift-
ing through archived data from Aus-

tralia’s Parkes Radio Telescope. They 
noticed a signal they could not ex-
plain: what was it? A new, previously 
unknown cosmological phenomenon, 
a sensation? Or was it a measurement 
error, a human-made signal recorded 
by mistake?

Apparently not, because more radio 
bursts followed—some similar, some 
different, some even recurring. At 
first glance, they raised more ques-
tions than answers, not even offering 
clues to a possible source. The astro-
nomical detective work began. Today, 
nearly two decades later, many of 
these questions have been answered, 
though by no means all. New tele-
scopes, an eye for detail in physics, 
and downright forensic curiosity have 
made it possible. The trail leads to 

some of the most extreme phenomena 
in the universe—and may help us un-
derstand the cosmos and its mysteries 
a little better in the future.

The phenomenon is known as fast radio 
bursts, or FRBs for short. The “fast” 
refers to the duration of the bursts: 
The signals, which come from seem-
ingly random positions in the sky, 
flash for only a few thousandths of a 
second—far less than the blink of an 
eye. Yet in that short time, they re-
lease, on average, as much energy as 
our Sun does in several days. Since 
the discovery of the first FRB nearly 
20 years ago, not only have many 
thousands more been detected, but 
fast radio bursts have proven to be one 
of the most enduring mysteries in as-
tronomy.
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There are bursts in the sky that are 
far stronger than lightning. They 
come from the depths of space and, 
in extreme cases, release as much 
energy in milliseconds as the Sun 
does in a year. These fast radio 
bursts are far enough away that they 
pose no danger to humanity. Never-
theless, astronomers want to know 
what causes them. At the Max 
Planck Institute for Radio Astronomy, 
research groups led by Laura Spitler 
and Michael Kramer are getting 
closer to solving the mystery. James 
Lough from the Max Planck Institute 
for Gravitational Physics (Albert Ein-
stein Institute) thinks that spacetime 
shocks might even be involved.
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“There were times when we had more 
theories about the origin of FRBs 
than FRBs themselves,” says Michael 
Kramer, Director at the Max Planck 
Institute for Radio Astronomy in 
Bonn. Evaporating black holes were 
discussed, as well as exploding stars 
and oscillating cosmic strings—de-
fects in space that have only existed in 
highly speculative theories. Even ex-
traterrestrial civilizations were sus-
pected. Or was it human radio signals, 
mobile phones, or even the microwave 
in the Parkes Telescope kitchen? “For 
a long time, it was actually unclear 
whether the radio bursts were a natu-
ral signal or a human-made distur-
bance,” says Kramer.

Laura Spitler has shed light on the 
bursts. The American-born scientist, 
who has been a Research Group 
Leader at the Max Planck Institute in 
Bonn for six years, made a sensational 
discovery in August 2014. In archive 
data from the Arecibo Telescope, a ra-
dio dish with a diameter of 305 meters 
in Puerto Rico, Spitler came across a 
previously undiscovered radio burst; 
it was the first discovery with a radio 
telescope other than the Australian 
Parkes Telescope. “The characteris-

tics of this FRB, as well as the first 
Lorimer burst, pointed to astrophysi-
cal signals, not some strange hu-
man-made interference,” says Spitler. 
Humans obviously had nothing to do 
with the burst, and the microwave at 
the Parkes Observatory was vindi-
cated.

But Spitler and her team did not stop 
there. Two years later, they detected 
ten more bursts coming from the 
same direction. The first repeat of-
fender among the FRBs had been 
identified. “The discovery of this re-
peater, also known as the Spitler burst, 
was very important because at the 
time cosmic explosions were the dom-
inant model for explaining FRBs,” 
says Michael Kramer. But when a star 
explodes, it can hardly explode ten 
more times and produce a radio burst 
each time. So what was the cause of 
this fast, bright phenomena?

Recurring Extreme 
Radio Pulses

Although the pulses are short and come 
from deep space, they can still reveal 

a lot about their source. Researchers 
just have to look closely and apply the 
laws of physics. This is because many 
properties are etched into the radio 
bursts—almost like fingerprints. As 
electromagnetic signals travel 
through the universe, they inevitably 
react with and are slowed down by the 
charged particles that exist even in 
the supposed vacuum of space. Radio 
waves at lower frequencies reach radio 
telescopes with a greater delay than 
waves travelling at higher frequencies. 
The stronger this effect, referred to in 
physics as dispersion, the greater the 
distance of the astronomical source. 
The Spitler burst, officially known as 
FRB 121102, is, according to indepen-
dent measurements, a good 3 billion 
light-years away from Earth, placing 
it outside our own galaxy, the Milky 
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The Spitler burst FRB 121102 as captured 
by the 100-meter radio telescope in Effels-

berg in 2017. The pulse lasted only a few 
milliseconds, but stretched like chewing 

gum across the radio frequency spectrum. 
On its journey through space, the light re-
acts with charged particles and is delayed 

towards low frequencies. On the right, 
this effect has been calculated.
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Way. This is evidence that the signal 
from the repeater is coming from 
deep space.

Because FRB 121102 keeps revealing its 
location through recurrent bursts, 
other observatories—including a net-
work of telescopes spread across most 
of the globe—have been able to point 
to the area of origin. When telescopes 
that are far apart are linked together, 
they can image objects in great detail. 
This made it possible to pinpoint the 
origin of the radio bursts. “This was 
the first time that an FRB could be lo-
calized,” says Laura Spitler, “and not 
just in a galaxy, but in a very dynamic 
region within the galaxy where new 
stars are forming.”

But what does it all mean? These are still 
mere clues, but they point to a suspect 
that is one of the most extreme phe-
nomena in the galactic zoo, which is 
not short of surprises: a magnetar. 
When a young star, about 10 or 20 
times the mass of our sun, breathes its 
last in a supernova explosion, the core 
collapses at the same time. It con-
tracts so much that almost all the at-
oms are crushed. What remains is a 
pile of neutrons, electrically neutral 
particles. The entire mass of this neu-
tron star and large parts of the origi-
nal stellar magnetic field are concen-
trated in a sphere about 20 kilometers 
in diameter. If you could put a tea-
spoon of this matter on a terrestrial 
scale, the device would read more 
than 100 million tonnes.

But it can get even more extreme. Some 
neutron stars have unusually strong 
magnetic fields. Whether this strong 
field was present in the original stars 
or is generated by some kind of dy-
namo in the collapsing neutron star 
has not yet been determined. But one 
thing is clear: the magnetic field is 
huge. An average magnetar has a 
magnetic field strength of about 100 
billion teslas. To put this in perspec-
tive, the Earth’s magnetic field in cen-
tral Europe is 0.00005 teslas, and the 
strongest magnet ever built by hu-
mans reached about 100 teslas (before 

the magnetic forces became so uncon-
trollable that it self-destructed). 

“Magnetars are the most strongly 
magnetized objects in the universe 
that we know of,” says Max Planck 
Director Kramer.

This magnetic field is also responsible 
for the fact that magnetars cannot 
hide in the vastness of the cosmos. 
Driven by the magnetic field’s energy, 
the celestial bodies, like lighthouses, 
shoot huge amounts of X-rays and 
gamma rays into space along narrow 
cones of light that sweep across the 
Earth, depending on how the rotating 
magnetar is oriented in space. A 
handful of the 30 or so known magne-
tars also emit radio signals. When as-
tronomers observed a magnetar in the 
Milky Way in April 2020, they even 
registered two radio bursts in quick 
succession. Did a magnetar really 
produce FRBs? The evidence seems 
overwhelming: “If you look at this 
pulse and put other FRB signals next 
to it, you can’t really tell the differ-
ence,” says Kramer.

Case solved? Michael Kramer is cau-
tious: “While there is certainly some 
compelling evidence, I would say that 
the jury is still out.” In particular, the 
relatively low luminosity of the FRB 
from the Milky Way makes the radio 
astronomer skeptical. It is only a hun-
dredth, at most a tenth, of the typical 
energy that has been registered in ra-
dio bursts from beyond the Milky 
Way.

Magnetars Under 
Suspicion

Kramer calls for more evidence. “For 
me, a killer argument in favor of mag-
netars as the trigger would be if we 
could observe signs of rotation in the 
source of FRBs.” The best suspects 
would be FRBs that belong to the 
class of repeaters, i.e. ones that emit 
regular radio bursts—in the case of 
the Spitler burst, every 157 days. This 
is much longer than it takes for mag-
netars to rotate around their own axis, 
which is only a few seconds. Perhaps 
this rotation of the stellar corpse plays 
less of a role than the gyroscopic mo-
tion, or more precisely, the precession, 
of the axis of rotation itself. This 
means that it could actually take more 
than 100 days for the position in the 
magnetar’s magnetic field from which 
the extremely energetic radio emis-
sion originates to fall into the radio 
telescope’s line of sight. It is also con-
ceivable that the magnetar and a giant 
star orbit around a common center of 
gravity—possibly once every 157 
days—and that the magnetar passes 
through its companion’s massive stel-
lar wind once per orbit. However, the 
connection between magnetars and 
FRBs cannot be made conclusively. 
Not yet. “Until then, magnetars as 
triggers is a good theory, the best we 
have,” says Kramer. “I think there is a 
lot of evidence that the repeaters in 
particular are magnetars.” It is still 
unclear what the individual FRBs are.

But the 300-meter Arecibo Telescope, 
with which Laura Spitler discovered 

SUMMARY

The origin of fast and energetic 
radio bursts has long been a 
mystery. Independent measure-
ments suggested a signal from 
space.

Radio bursts of this kind, which 
are repeated regularly, suggest 
magnetars, extremely magne-
tized stellar corpses with ex-
tremely high mass densities. But 
not all bursts necessarily follow 
this explanation.

The link between bursts and 
magnetars can be made directly 
if a magnetar produces both 
gravitational waves and a radio 
burst, both of which could be 
caused by a starquake. 
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her FRB a decade ago, is no longer 
available for such searches. It has par-
tially collapsed after several steel ca-
bles broke as a result of poor mainte-
nance. But Kramer is already looking 
to China, where, at almost the same 
time, a new, huge radio telescope with 
a diameter of about 500 meters was 
put into operation: FAST, the 
Five-Hundred-Meter Aperture 
Spherical Radio Telescope. “We work 
very well with our Chinese colleagues 
and are happy to do so, and the data 
from FAST enriches research on both 
sides,” says Kramer. “The telescope 
has an incredible sensitivity that more 
than compensates for the loss of Are-
cibo.”

When Starquakes 
Make Space Tremble

Astronomers also have another powerful 
tool at the Effelsberg Radio Observa-
tory, south of Bonn. This telescope in 
the Eifel region, which is operated by 
the Max Planck Institute in Bonn, has 
a diameter of 100 meters. Unlike 
FAST, the dish, which is larger than a 
soccer field, can be pointed at astro-
nomical objects. A new receiver cov-
ering an even wider range of the radio 
spectrum and a new radio camera that 
can see much more of the sky than be-
fore will be used to unlock more se-
crets of fast radio bursts in the future.

However, other types of telescopes are 
also being used. In Sarstedt, south of 
Hanover, two shafts are cut through 
the ground between apple trees and 
farmland, almost at right angles to 
each other. Each is 600 meters long. 
The structure is called Geo600. The 
Max Planck Institute for Gravita-
tional Physics (Albert Einstein Insti-
tute) in Hanover wants to use it to de-
tect gravitational waves—vibrations 
in space and time caused by the move-
ment of gigantic masses. To do so, a 
laser beam is split, sent into each of 
the two arms, and reflected at the 

ends of the shafts. The reflected 
beams overlap where the arms inter-
sect. When a gravitational wave 
passes over the Earth, the lengths of 
the two arms change slightly, but 
measurably—and so does the overlap-
ping pattern of the laser beams.

FRBs could be related to gravitational 
waves. According to Einstein’s theory, 
when a magnetar with its enormous 
mass density begins to oscillate, for 
example, when the stresses in the neu-
tron star’s crust are suddenly released, 
this triggers gravitational waves. Such 
a massive starquake would also shake 
the strong magnetic field of the stellar 

remnant, which could lead to a short 
but violent burst of radiation—an 
FRB. However, when the magnetar at 
the center of the galaxy suddenly 
emitted such a burst in April 2020, 
most gravitational wave detectors 
were out of operation—due to 
Covid-19 or scheduled upgrades. But 
Geo600 continued to record data, 
says lead scientist James Lough.

Last year, researchers re-analyzed that 
data. They eliminated the inevitable 
gravitational noise and looked specif-
ically for waves coming from the 
Milky Way at the same time as the 
FRBs. This data could indicate a star-

Close cooperation: Mar-
lon Bause, Laura Spitler, 

Lorena Nicotera (from 
left) from Spitler’s Lise 
Meitner Group and Ra-

mesh Karuppusamy and 
Lucia Gebauer Werner 

from Michael Kramer’s 
Department of Radio As-
tronomical Fundamental 
Physics gathered around 
a model of the 100-meter 

Effelsberg Telescope.
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quake and oscillations of the magne-
tar. So far, they have found nothing, 
but the search continues. “If someone 
could trigger a few new FRBs in our 
galaxy, that would be great,” Lough 
says, laughing.

But the research is evolving. Unlike ten 
years ago, for Laura Spitler, it is no 
longer just about detecting FRBs and 
understanding them as a physical 
phenomenon. Fast radio bursts are in-
creasingly becoming a means to an 
end, to solve cosmological puzzles. 
On their way from the depths of space 
to receivers on Earth, radio signals 
travel many billions of lightyears. 

They pass through the intergalactic 
medium, a gas located between gal-
axies. Along with the entire cosmos, 
this gas is expanding. This expansion, 
and especially the driving force be-
hind it, is one of cosmology’s great 
mysteries. Astronomers have there-
fore coined the term “dark energy” 
for this mysterious force—and they 
are pretty much in the dark as to what 
might be behind it. “But as the radio 
bursts move through the intergalac-
tic medium, this expansion is burned 
into their signal,” says Laura Spitler. 
The big challenge now is to get the in-
formation out of the burst. One or 
two FRBs are not enough. But a large 

number at different distances—theo-
rists think about 1000 FRBs would be 
needed—could help.

And then there is all the information that 
fast radio bursts reveal about their 
possible sources. “We will never be 
able to produce matter in laboratories 
on Earth that is anywhere near as 
dense as that found in neutron stars or 
magnetars,” says Michael Kramer. 
Conditions are so extreme that they 
are beyond the reach of direct re-
search on Earth. Relativity and gravi-
tational physics would benefit, as 
would nuclear and plasma physics. 

“As an astronomer, if I want to under-
stand how the universe itself works, 
the best way to do that is to look at ex-
treme states and the physics that pre-
vails in them,” says Michael Kramer. 

“And there are few things more ex-
treme than magnetars.”
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  GLOSSARY

FAST RADIO BURSTS 
are rapid radio pulses that last a few milli-

seconds and are very energetic.

MAGNETARE 
are pulsars with extremely strong and 

well-ordered magnetic fields. Their mag-
netic field is bipolar, like Earth’s. Pulsars 

are neutron stars, stellar remnants with 
the mass of a star and the diameter of a 
city. They rotate around an axis that is 

at an angle to the dipole axis of the mag-
netic field. Charges spiraling along the 

magnetic field lines emit primarily radio 
radiation, which is concentrated along the 

magnetic dipole axis. Like a lighthouse, 
the cone of radio light sweeps through 

space and, if the angle is right,  
across the Earth.

55

Max Planck Research · 1 | 2025 

55

PHYSICS & ASTRONOMY


