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Pulsar exhibits puzzling switches in state

Astronomers have detected simultaneous
X-ray and radio-mode switchesin
co-ordinated observationsof apulsar. Pulsed
X-ray emissionisonly presentin states of
weak radio emission. Thisindicatesarapid
global changein the magnetosphere, which
challenges current emission theories.

Pulsarswerediscoveredin 1967 as
flickering sources of radio waves and were
sooninterpreted asbeing rotating, strongly
magnetized neutron stars. Theradiation
isthought to be emitted by high-energy
particlesmoving along thelines of magnetic
field. As the emission is concentrated in two
conesemerging from themagnetic poles,
the source behaveslikealighthouse. We see
apulseeachtimethat theradiation beam
ispointed towardsthe Earth. Thishappens
at the spinfrequency of the neutron star
becausetherotation and magnetic axesare
generally misaligned.

Among thethousands of known pulsars,
only asmall fraction has been detected
in X-raysor gamma-rays (CERN Courier
September 2006 p13, December 2008 p9).
The X-ray emission can be steady or pulsed.
Thesteady X-ray emissionishighfor young
neutron starsand decreases astheir surface
temperaturefalls. The pulsed emission
suggeststhat X-ray-emitting hot-spotsare
located at the magnetic poles.

Astronomersknow of only ahandful of
old pulsarsthat shinein X-rays. Oneof them
is PSR B0943+10, which is five million years
old. Thissourcealso switches suddenly
between aradio-bright and aradio-quiet
stateat intervalsof several hours. Itis
thereforeaprimetarget toinvestigatethe
X-ray behaviour associated with changes
of theradio mode. Thisideawas suggested

Picture of the month

This extraordinary image taken by the Gemini South 8.2-m telescope depicts hot
bullets of gas tracing their way through the Orion Nebula (CERN CourierMarch 2011
p10). The Orion Bullets have been ejected from the Trapezium cluster of bright,
young stars at the heart of the star-forming region. In this false-colour infrared
view, the blue bullets are clumps of hot gas (around 5000 K) with a size of about

10 times Pluto’s orbit. Travelling with a speed of about 400 km/s they leave behind
the orange cone-shaped wakes of shock-heated gas. The unprecedented image
resolution (around 0.1 arcsec) illustrates the power of the new GeMS adaptive
optics system. Five lasers are used to create artificial guide-stars to measure and
correct atmospheric turbulence in real time (CERN Courier November 2012 p15).

(Image credit: Gemini Observatory/AURA.)
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Lilustration of a pulsar in a state with glowing
X-ray emission at the magnetic poles and
weak radio emission from the cones that stem
from the poles. Pulsed emission results from
the misalignment of the magnetic and
rotational axes.(Image credit: ESA/ATG
medialab.)

by ateam led by Wim Hermsen of the
Netherlands | nstitute for Space Research
(SRON) and the Astronomical | nstitute
“Anton Pannekoek” of the University of
Amsterdam. It then took them five years to
convincethetime-allocation committeeto
schedule somelong periods of observation
with ESA's X-ray Multi-Mirror Mission
(XMM-Newton) satellite co-ordinated
with radio telescopes.

Thesatellite performed six observations
of six hourseach on PSR B0943+10 at the
end of 2011. Radio-datawere gathered
at thesametimeby the | ndian Giant
Metrewave Radio Telescope (GMRT) and
theinternational L ow-Frequency Array
(LOFAR) inthe Netherlands. Theresult of

the campaign was compl etely unexpected.
TheX-ray emissionwasfound not to
follow the states of radio brightness. Onthe
contrary, it was observed to beweak when
the sourceisbright inradio emission and
viceversa

Thetiming and spectral analysis of
the XMM-Newton dataoffered yet more
surprises. The sourcewasfound to pul sate
inX-raysonly during the X-ray-bright
phase corresponding to the quiet-radio
state. During this phase, the X-ray emission
appearsto bethe sum of two components. a
pulsating component consisting of thermal
X-rays, whichisseento switch off during
the X-ray-quiet phase; and apersistent one
consisting of non-thermal X-rays.

Theresultssuggest that theentire
magnetospherearound the pulsar is
switching from one stateto another within
afew seconds. Therapidity of thischange
ispuzzlingbutitisnot theonly issue. The
observed radio and X-ray behaviour is
predicted by neither of theleading models
for pulsar emission.

Hermsen and histeam plan to repeat
the same study for another pulsar that has
similar radio propertiesbut with adifferent
geometrical configuration. This will allow
them to test whether the viewing anglewith
respect to the magnetic and rotational axes
has an effect on the properties of the X-ray
emission. Inthe meantime, theoristswill
be busy investigating possible physical
mechanismsthat could cause the observed
sudden and drastic changesto thepulsar's
magnetosphere.

o Further reading
W Hermsen etal. 2013 Science 339 436.
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