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Cassiopeia A is one of the youngest-known supernova remnants in
the Milky Way and is at a distance of d≒3.4 kiloparsecs (kpc) from the Earth.

•

Here they report an analysis of archival observations of the
compact X-ray source in the centre of the Cassiopeia A
supernova remnant. They show that a carbon atmosphere
neutron star (with low magnetic field) produces a good fit to
the spectrum.

Chandra X-ray spectra of Cas A.
They considered
archival Chandra Xray Observatory data
from two studies of
Cas A, both using the
ACIS-S chargecoupled device.
A series of Chandra
observations, totalling
1 megasecond, was
performed in 2004 to
study the supernova
remnant; these are
referred to here as the
Hwang data.
A shorter (70
kiloseconds)
observation in 2006
was designed to study
the compact source,
here referred to as the
Pavlov data.

WCG Ho & CO Heinke Nature 462, 71-73 (2009) doi:10.1038/nature08525

Spectra from the Hwang (black) and Pavlov (red)
observations and fits with their C spectral model. Error
bars are 1 s.d. The lower panel shows the fit residuals,
△Sχ2 in units of s.d.

•

Previous works found poor fits to the data using magnetic (B≧1012 G) H
atmosphere spectra.

•

Timing measurements suggest that they have (dipolar) magnetic fields of
B<<1012G.
Neutron stars have weakly magnetic fields at birth. (Gotthelf et al. 2009)

•

When B=2.35×109×Z2 G ( ~8×1010 G for carbon), magnetic-field effects on
the radiation transport and atoms in the atmospheric plasma are negligible.
(Rajagopal et al. 1996 ; Zavlin et al. 1996)

•

If the magnetic field of Cas A is ~(1–5) ×1011 G, then a spectral feature due
to the electron cyclotron resonance may appear in the Chandra energy
range, but this has yet to be detected. The lack of a visible pulsar wind
nebula and no indication of magnetospheric activity like those seen in
classical pulsars (with B≧1012 G), also suggest the magnetic field is low.

H → R ≒ 4km
He → R ≒ 5 km
C → R ≒ 12~15 km
RNS ≒ 10 km~14 km.
Thus we conclude that Cas A is
consistent with a low-magnetic
field carbon-atmosphere
neutron star of mass 1.4MSun,
radius 12–15 km, and surface
temperature T=1.8×106 K.

• The derived sizes of the emission region R
for H and He are much smaller than the
theoretical size of a neutron star RNS. This
would suggest the emission region is a hot
spot on the neutron-star surface, which would
probably result in X-ray pulsations as the hot
spot rotated with the star. However, these
pulsations have not been detected.
the X-ray observations are detecting
emissionfrom the entire stellar surface, and
therefore the emission would
not necessarily vary as the star rotates

Neutron star mass and radius.
Interpreting the size of the
emission region to be the
true neutron-star radius
(R=RNS), we can constrain
the neutron-star mass MNS
and radius RNS by using a
range of surface gravity
models. If we fix
MNS=1.4MSun and the
distance to Cas A as d=3.4
kpc ,then we find a surface
effective temperature of
Teff≒1.61×106K and
emission size R≒15.6 km.
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90% confidence contours of χ2around the best-fitting Cas A mass and
radius (crosses) for distances of 3.3 kpc (red long-dashed line), 3.4 kpc
(thick black solid line), and 3.7 kpc (blue short-dashed line).
The upper-left and lower-right regions are excluded
by constraints fromthe requirement of causality and fromthe fastest-rotating
neutron star known.

•

the compact source as a very young ( 330-year-old) neutron star.

•

Because the next-youngest neutron stars for which surface thermal
emission has been measured have ages exceeding a few thousand
years, Cas A serves as a valuable window into the early life of a
passively cooling neutron star.
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