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ADbstract The remnant of the supernova of 1006AD, the remnant first showing evidence for the presence of X-ray synchrotron emission from shock-accelerated electrons,
was observed for ~1000 ksec with INTEGRAL for the study of electron acceleration to very high energies. In IBIS and JEM-X spectral bands, both synchrotron emission and
bremsstrahlung are expected. The aim of the observations is to distinguish the morphology of synchrotron and bremsstrahlung regions using the combination of IBIS and JEM-X
spatial and spectral coverage. Here, we report on our preliminary results from the analysis of the INTEGRAL data, concentrating on the JEM-X results.
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INTRODUCTION

Our group has observed SN 1006 for ~1000 ks with the INTEGRAL
Observatory with the main aim of detecting, and distinguishing, syn-
chrotron and non-thermal bremsstrahlung emission. Both are ex-
pected in lower-energy INTEGRAL bands, and can be distinguished
by different predicted morphology. The synchrotron emission
should be concentrated in two bright opposing limbs like radio
emission (Reynolds, 1998, 1999, see figure) while non-thermal
bremsstrahlung, resulting from slightly supra-thermal shock-
accelerated electrons interacting with thermal 1ons, should be
more symmetrically distributed. The figures show predictions for
a particular model (Reynolds, 1998; Dyer et al., 2001) convolved to
JEM-X and IBIS angular resolutions. Here the azimuthal modulation
of synchrotron emission is due to more rapid electron acceleration
where the magnetic field is perpendicular to the shock normal, sug-
gesting that the ambient magnetic field lies in the SE-NW direction.

The synchrotron emission is expected to be falling off rapidly with en-
ergy, while the bremsstrahlung should have a much harder spectrum.
The quantitative flux of synchrotron emission can help distinguish be-
tween models in which the maximum electron energy is limited by ra-
diative losses, and those in which electron escape dominates. The

former require very high magnetic fields, of order 10~ % Gauss, de-
manding magnetic-field amplification in the shock, and predict higher
synchrotron fluxes above 10 keV. The flux of bremsstrahlung emis-
sion, along with thermal X-ray modeling, gives the efficiency of
electron acceleration at low energies, not yet observationally de-
termined in any remnant. It is possible that even low-energy supra-
thermal electrons are preferentially accelerated where the magnetic
field i1s parallel to the shock normal; this effect might cause some
modulation of the bremsstrahlung emission as well and would be an
Important step forward in our understanding of the "injection" process
by which electrons get their initial acceleration.

JEM-X Results

The INTEGRAL observations took place in two parts, the first part had ap-
proximately 250 ks exposure time, and conducted during revolutions 30 and
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We also worked on the data from the IBIS/ISGRI instrument to detect
the bremsstrahlung emission, which would allow direct inference of the
efficiency of acceleration of cosmic-ray electrons. However, we hit tech-
nical difficulties in imaging and obtaining fluxes from ISGRI. The figure
above shows mosaicked variance map of SN1006 obtained using OSA
4.0 in 20-40 keV band for revolution 155 only. Although the source is on
top of an “excess” in the image, one can easily see that the excess is
part of an artificial periodic structure. This structure is also present in the
mosaicked images of other revolutions. 155 is the only revolution that the
source is on top of an excess, and work Is underway to understand and
to remove the effects of the structure to obtain a detection or meaningful
upper limits.

Summary and Discussion
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The ASCA fluxes were calculated using the
spectral information given in Dyer et al.
(2001). The actual lower limit of the first enrgy
bin Is around 3 keV set by the lower energy
threshold.
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