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Chandra/HETG: Cas A in 3D

Spitzer/IRS: "Matching knots"

SNR Cas A

Future Great Spectroscopy

NASA's Great Observatories include dispersive, high-
resolution spectrometers: STIS on Hubble, HETG and
LETG on Chandra, and the IRS on Spitzer.  Providing
resolving powers above several hundred, these
spectrometers probe details of plasma emission and
yield line-of-sight velocities through Doppler shifts.
These accurate velocity measurements add a "third
dimension" in source modeling.  Ground-based
spectrometers in the radio and optical/NIR bands
provide complementary greatness of their own.

The complexity of supernova remnant Cas
A has been brought into clear focus by the
Great Observatories, as shown in the color
composite image above.  The product of a
core-collapse SN explosion in ~ 1670, Cas
A shows a wealth of phenomena important
for studying the SN progenitor, its
explosion mechanism, the early evolution
of SNRs, and their impact on the
interstellar medium.  Many of the bright
knots have been identified as shocked
ejecta; here, some of these are studied
with the high-resolution of the HETG and
the IRS.

Cas A was observed for 70 ks as part
of the HETG guaranteed time
observation (GTO) program. After
standard event processing we used
custom software that accounts for
an extended, filament-like source to
extract high-resolution HETG
spectra of 17 narrow, bright regions,
R1-R17.  The He-like triplet lines of
silicon, Si XIII,  and the H-like Si
XIV line were used to measure the
regions' velocities and plasma
properties (Lazendic et al. 2006.)
These X-ray velocities support the
general 0.2%/year expansion of the
ejecta and forward shock (DeLaney
et al. 2003, 2004.)

Above: Image of Cas A from Spitzer IRAC channel
4, dominated by Ar II emission (Ennis et al. 2006)
Below: Cas A imaged by Chandra in the light of
silicon X-ray emission lines Si XIII and Si XIV.
The 17 X-ray-selected regions studied here are
indicated and labeled in each image.

Above: Chandra ACIS spectrum of R1
(black) and high-resolution NEI
spectral model (green.)
Below: IRS composite infrared
spectrum of Cas A (Ennis et al. 2006.)

Example of HST/STIS data and 3D model (above left, from Heng'06)
and a ground-based optical image of Cas A with long-slit locations
indicated (above right, from Reed 1995.)

Above: HETG spectrum from R14
showing the bright Si XIII triplet.
Below: Similar spectrum from
R5 - note the Doppler shift
versus R14, corresponding to
5800 km/s.

The 17 regions of Cas A are shown located in 3D using the Doppler velocity to generate the
third, line-of-sight, spatial coordinate.  Although sparse, this is a beginning at forming a
clearer 3D picture of the X-ray emission from Cas A.
Left: Regions colored by NEI model plasma temperature:
Blue < 0.6 keV;  Magenta  0.6-0.8 keV;  Red  0.8-1.4 keV;  Orange  1.4-3.0 keV;  Yellow  3.0-5.0
keV
Right:Regions color-coded according to model electron density (cm-3):
Blue < 30;  Magenta  30 - 60;  Red  60 - 110;  Orange  110 - 180;  Yellow  180 - 250
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Above: IRS spectrum from R14
showing the bright Ar II line.
Note the log y-axis scale.
Below: Similar spectrum from
R5 - note the Doppler shift
compared with R14,
corresponsing to 7000 km/s.

Data from multiple observations of Cas A
made with the Spitzer IRS using the short-
low slit were combined to create a 3D
data cube using CUBISM (J.D. Smith*.)
Spectra around the Ar II line at 6.985 um
were extracted from the cube at locations
corresponding to the 17 X-ray-selected
regions, see examples at left.  These
spectra were fit with a Gaussian line plus
linear continuum resulting in the Doppler
velocities tabulated at right, along with
the X-ray values.  Visually inspecting the
IR image, an assesment was made about
the existence of a "matching" IR structure
to the X-ray feature**.  As indicated in
the last column 6 of the regions have a
clear match; 5 of these show a clear
correlation of X-ray and IR velocities
suggesting the emissions are from the
same or related plasma.

* http://turtle.as.arizona.edu/jdsmith/cubism.php
** DeLaney et al., in preparation.

A plasma mystery…  The plots above show the ionization stage
evolution of Ar and Si ions in a Te = 10 million degree K plasma versus the
ionization time scale, tau = net.  Note the large ionization time scale difference
between the formation of Ar II ions and Si XIII ions.
   How can such different plasmas seemingly coexist ?

Chandra LETG spectrum of SNR 1987A
(Park et al. 2005) which will be re-
observed in the years ahead.

As these few results show, the Great Observatories are producing some Great
Spectroscopy, of the SNR Cas A, but also of others: the SNR E0102
(Flanagan et al. 2004) and the very exciting SNR 1987A (see spectrum
below.)  Continued observation of these and other SNRs with the Great (and
great-ground-based) Observatories will help solve the mysteries of stellar
death, GRBs, and the birth of neutron stars and blackholes.
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