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Observations of old pulsars by the European
Space Agency’s XMM-Newton satellite fail to
detect the 1 million-degree hot spots seen
around the pole of younger pulsars. The
absence of polar X-ray emission in old pulsars
casts doubt on the belief that hot spots are
produced when charged particles collide with
the pulsar’s surface at the poles. It suggests
instead that the hot spots are heated from
inside the neutron star.

Pulsars are strongly magnetized spinning
neutron stars, which emit pulsed radiation,
first detected at radio frequencies by
Cambridge astronomers Jocelyn Bell-Burnell
and Anthony Hewish in 1967. Almost
40 years later, these extremely dense stars,
which have roughly the mass of the Sun
squeezed into a sphere of only about 20 km
across, still hold many mysteries.
Astronomers think that neutron stars are
formed with temperatures of more than a
billion degrees (1012 K) during the collapse of
massive stars.

Observations with previous X-ray satellites
have shown that the X-rays from cooling
neutron stars come from three regions of the
pulsar. First, the whole surface is so hot that it
emits X-rays. Second, there are charged
particles in the pulsar’s magnetic
surroundings that also emit X-rays as they
move outwards, along the magnetic field
lines. Third, younger pulsars show X-ray hot-
spots at their magnetic poles.

Until now, astronomers believed that the

hot spots are heated by the collision of
surrounding particles onto the surface of the
neutron star. This happens naturally at the
poles owing to the channelling of the charged
particles along the magnetic field lines. Such
a process is expected to be rather
independent of the temperature and hence
the age of the pulsar. However, this is not
what the XMM-Newton satellite observed for
five pulsars. Werner Becker from the Max-

Planck Institut für Extraterrestrische Physik
(MPE) in Garching and collaborators found no
evidence of surface emission, nor of polar hot
spots in these pulsars, although they did see
emission from the outwardly moving particles.

The lack of surface emission is not
surprising because these older pulsars have
had several million years to cool down to less
than 500 000 °C, the temperature below
which they become undetectable by XMM-
Newton. However, the lack of polar hot spots
is a surprise and means that the particle
bombardment of the polar surface is not
efficient enough to produce a significant
thermal X-ray component.

The XMM-Newton results show that the hot
spots fade from view in the same way as the
surface-wide emission, thus suggesting a link
with the temperature inside the neutron star.
As the heat trapped in the pulsar since its
birth is carried by electrons, it can be guided
to the poles by the intense magnetic field
within the pulsar. The new XMM-Newton
results support this alternative theory for the
origin of the hot spots at the poles of young
pulsars. It would mean that the energy
heating these polar regions comes
predominantly from within the pulsar, rather
than from the collision of particles from
outside the pulsar.

Further reading
Werner Becker et al. 2006 Astrophysical
Journal 645 1421.

Compiled by Marc Türler, INTEGRAL Science Data Centre and Geneva Observatory

Satellite gives a new view of pulsars

X-ray image of PSR B1929+10, one of the
five older pulsars with no evidence for polar
hot spots. The contours from the ROSAT
mission (1990s) are overlaid on the new
XMM-Newton colour-coded image. The
pulsar – moving at 177 km/s in the direction
of the arrow – leaves a trail of X-ray emitting
electrons. (Courtesy W Becker/MPE.)

This X-ray image taken by NASA’s Chandra satellite shows the

central region of our galaxy (for a larger view see CERN Courier

March 2002 p11). The image is roughly aligned with the galactic

plane. The super-massive black hole at the galactic centre is

located near the dense cluster of stars at the right of the image.

Intense X-ray emission from point-like sources in this cluster

occurs when winds blowing off the surfaces of massive stars

collide with winds from orbiting companion stars; it also comes

from stellar corpses in the form of neutron stars or black holes

orbiting a normal star in a binary system. The diffuse X-ray

emission reveals the presence of very hot gas, which is likely to

have been heated by past supernova explosions. (Courtesy

NASA/CXC/UMass Amherst/Q D Wang et al.)

Picture of the month
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High-Speed Planacon™
World’s fastest 2” PMT. Its low profi le and square format 
with options of 4, 64 or 1024 anodes make it ideal for 
position sensing applications with low per-channel cost.

XP3060
A new 1.5” (38mm) high performance timing photomultiplier 
with front-end electron optics designed to minimize transit 
time spread at an affordable price.

XP20DO
A new 2” (51mm) round PMT offering superior timing perform-
ance in the tradition of the XP2020 but at lower voltages. Its 
TTS of < 200ps is best in class for traditional PMTs.

XP4512
A 5” (127mm) high speed photomultiplier for large area 
applications that is ideal for High Energy Physics experiments.

Photonis photomultiplier tubes offer best-in-class timing 
and high sensitivity for detecting low light level pulses in a 
wide range of applications. The extensive Photonis product 
line has a variety of options ranging from the XP4512 large 
area (127mm) timing tube to the Planacon™(52mm) offering 
the world’s fastest 2” PMT thanks to its Micro-Channel Plate 
based multiplier.

Typical applications may include High Energy Physics, 
LIDAR, Nuclear Medicine, Time-of-Flight, Scintillation and 
more with timing capabilities yielding a TTS as low as 60 
picoseconds.

Visit Photonis.com for additional information on all our 
high-speed products, image intensifi ers and the latest 
in Streak Tubes.
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