
 

Tangled magnetic fields power cosmic
particle accelerators
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SLAC researchers have found a new mechanism that could explain how plasma
jets emerging from the center of active galaxies, like the one shown in this
illustration, accelerate particles to extreme energies. Computer simulations
(circled area) showed that tangled magnetic field lines create strong electric
fields in the direction of the jets, leading to dense electric currents of high-
energy particles streaming away from the galaxy. Credit: Greg Stewart/SLAC
National Accelerator Laboratory

Magnetic field lines tangled like spaghetti in a bowl might be behind the
most powerful particle accelerators in the universe. That's the result of a
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new computational study by researchers from the Department of
Energy's SLAC National Accelerator Laboratory, which simulated
particle emissions from distant active galaxies.

At the core of these active galaxies, supermassive black holes launch
high-speed jets of plasma—a hot, ionized gas—that shoot millions of
light years into space. This process may be the source of cosmic rays
with energies tens of millions of times higher than the energy unleashed
in the most powerful manmade particle accelerator.

"The mechanism that creates these extreme particle energies isn't known
yet," said SLAC staff scientist Frederico Fiúza, the principal investigator
of a new study that will publish tomorrow in Physical Review Letters.
"But based on our simulations, we're able to propose a new mechanism
that can potentially explain how these cosmic particle accelerators
work."

The results could also have implications for plasma and nuclear fusion
research and the development of novel high-energy particle accelerators.

Simulating cosmic jets Researchers have long been fascinated by the
violent processes that boost the energy of cosmic particles. For example,
they've gathered evidence that shock waves from powerful star
explosions could bring particles up to speed and send them across the
universe.

Scientists have also suggested that the main driving force for cosmic
plasma jets could be magnetic energy released when magnetic field lines
in plasmas break and reconnect in a different way—a process known as
"magnetic reconnection."

However, the new study suggests a different mechanism that's tied to the
disruption of the helical magnetic field generated by the supermassive
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black hole spinning at the center of active galaxies.

"We knew that these fields can become unstable," said lead author Paulo
Alves, a research associate working with Fiúza. "But what exactly
happens when the magnetic fields become distorted, and could this
process explain how particles gain tremendous energy in these jets?
That's what we wanted to find out in our study."

  
 

  

Composite image of the active galaxy Centaurus A, showing lobes and jets
extending millions of light years into space. Credit: Optical: ESO/WFI;
Submillimeter: MPIfR/ESO/APEX/A.Weiss et al.; X-ray:
NASA/CXC/CfA/R.Kraft et al.
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To do so, the researchers simulated the motions of up to 550 billion
particles—a miniature version of a cosmic jet—on the Mira
supercomputer at the Argonne Leadership Computing Facility (ALCF)
at DOE's Argonne National Laboratory. Then, they scaled up their
results to cosmic dimensions and compared them to astrophysical
observations.

From tangled field lines to high-energy particles The simulations showed
that when the helical magnetic field is strongly distorted, the magnetic
field lines become highly tangled and a large electric field is produced
inside the jet. This arrangement of electric and magnetic fields can,
indeed, efficiently accelerate electrons and protons to extreme energies.
While high-energy electrons radiate their energy away in the form of X-
rays and gamma rays, protons can escape the jet into space and reach the
Earth's atmosphere as cosmic radiation.

"We see that a large portion of the magnetic energy released in the
process goes into high-energy particles, and the acceleration mechanism
can explain both the high-energy radiation coming from active galaxies
and the highest cosmic-ray energies observed," Alves said.

  
 

  

In simulations of a miniature version of a cosmic jet, SLAC researchers have
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found that when the jet’s helical magnetic field (left) is strongly distorted, the
magnetic field lines become highly tangled (middle), producing a large electric
field (right) inside the jet that can efficiently accelerate electrons and protons to
extreme energies. Credit: arXiv:1810.05154v1

Roger Blandford, an expert in black hole physics and former director of
the SLAC/Stanford University Kavli Institute for Particle Astrophysics
and Cosmology (KIPAC), who was not involved in the study, said, "This
careful analysis identifies many surprising details of what happens under
conditions thought to be present in distant jets, and may help explain
some remarkable astrophysical observations."

Next, the researchers want to connect their work even more firmly with
actual observations, for example by studying what makes the radiation
from cosmic jets vary rapidly over time. They also intend to do lab
research to determine if the same mechanism proposed in this study
could also cause disruptions and particle acceleration in fusion plasmas.

  More information: Efficient Nonthermal Particle Acceleration by the
Kink Instability in Relativistic Jets, arXiv:1810.05154 [astro-ph.HE] 
arxiv.org/abs/1810.05154
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