
 

Finger on the pulse of the pulsars
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Its unique design allows Lofar to simultaneously detect radio emission from
different directions. This image was obtained with Lofar by simultaneously
observing five pulsars distributed across the whole sky. Credit: Tom Hassall /
U.Man. / ASTRON

(PhysOrg.com) -- An international team of astronomers including
German scientists has succeeded in recording the most sensitive
observations to date of pulsars at low frequency. The measurement was
undertaken with the European Lofar radio telescope network. Pulsars are
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fast-rotating neutron stars that are formed in the explosion of very
massive stars (supernovae).

Lofar, the European low frequency radio telescope, is the first of a
whole series of new types of radio telescopes to investigate the universe
at the lowest frequencies which are actually accessible from the ground.
One of the key projects is to find and study new pulsars in this "radio
window". The German Glow (German Long Wavelength) consortium,
whose membership includes the group of Michael Kramer, Director at
the Max Planck Institute for Radio Astronomy in Bonn, is also involved.

“We are returning here to the radio frequencies where the pulsars were
originally discovered in the 1960s,” says Ben Stappers from the
University of Manchester, the lead author of the publication, which will
be published soon in the scientific journal Astronomy & Astrophysics.
“Except that with Lofar we now have a telescope with abilities that we
could not have dreamed of back then.”

The chance finding of the first pulsar in 1967 is one of the great
discoveries of astronomy. The astronomers found the first pulsar signals
with a radio telescope at the low frequency of 81 megahertz, quite close
to the radio frequencies in the VHF range.
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The Lofar station Effelsberg. In the foreground, the dipole field for low
frequencies (30 to 80 megahertz, corresponding to between 3.8 and 10-metre
wavelength); at the back, the “tile field” for higher frequencies (110 to 240
megahertz or 1.3 to 2.7-metre wavelength. Credit: Max Planck Institute for
Radio Astronomy / Wolfgang Reich

With Lofar, the astronomers have now returned to the frequency range
of the first pulsar measurements – but they are now using the latest
computer technology and linking up the individual telescopes via high-
speed fibre optic cables, which increase the power of the telescopes
many times over. Lofar will make it possible to investigate the radio
pulses in detail and also to study effects of gravitational physics and
properties of the interstellar medium in our Milky Way. “Even if these
are only early test results, they nevertheless already demonstrate the
spectacular possibilities offered by Lofar,” says Stappers.
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Lofar operates with the aid of thousands of small antennas that are
distributed across various European countries and networked via high-
speed Internet connections. The evaluation is done using a powerful
supercomputer near the central Lofar station at ASTRON in the
Netherlands.

The telescopes have no movable parts; instead, they are directed at the
sky using digital time delay components. This provides much greater
flexibility for the data analysis. Totally different directions in the sky
can be covered simultaneously, for example, the only limiting factor
being the computing capacity of the computer. This allows the sky to be
surveyed much faster in the search for new pulsars.

“The imaging methods with Lofar differ greatly from those of
conventional radio telescopes,” says Ralf-Jürgen Dettmar from the Ruhr
University of Bochum and Chairman of the German Glow consortium.
“With conventional systems, only quite small areas of the sky can be
covered in a short time. Lofar, on the other hand, makes it possible to
take snapshots of vast regions of the sky in the same time, and thus
enables us to monitor these regions to discover new pulsars and possibly
other rare phenomena.”

For the next stages in the investigation of pulsars the research team
wants to use the special abilities of this radio telescope to get on the trail
of the radiation mechanism of the neutron stars. “Lofar is a fantastic
telescope to complement our current observation instruments to study
pulsars at long wavelengths,” says Max Planck Director Michael Kramer.
The system has the potential to find a large number of previously
undiscovered pulsars in the vicinity of our sun. “We want to use them to
detect gravitational waves.”

Lofar enables scientists to investigate radio waves across a very
extensive frequency range – across more than one order of magnitude
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from 10 to 240 megahertz. Apart from searching for pulsars, the system
is used for sky surveys in the long-wave radio range, and also for
cosmological studies, as well as to monitor solar activity and study
planets. LOFAR additionally acts as the forerunner project for the
Square Kilometre Array (SKA), the planned global radio telescope of the
next generation.

  More information: B. W. Stappers et al. Observing pulsars and fast
transients with LOFAR. Astronomy & Astrophysics, DOI:
10.1051/0004-6361/201116681 astro-ph
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