High Resolution Mapping of the Unshocked Ejecta in Cassiopeia A ?
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INTRODUCTION
Cassiopeia A (Cas A) is the youngest Galactic Core-Collapse Supernova Remnant (SNR) descended from a

OBSERVATIONS
We obtained four JWST MIRI/MRS Integral Field Unit (IFU; Gardner et al. 2023) spectra of Cas A, two of
which probe Cas A’s central region (P2 and P4, see the central mosaic for their positions). These observations
were part of a Cycle 1 JWST Program to survey Cas A (Program #1947; PI: D. Milisavljevic). We isolate |S TV]
10.511um (plotted in blue), |Ne II| 12.814um (plotted in green), and |O IV| 25.89um (plotted in red) for this
study. Cross sections of P4 and P2 are shown in Figures 1 and 2.

partially stripped star and is one of the best examples of a resolved SNR that can be compared to simulations.
The interior ejecta of Cas A has yet to be engulfed by the reverse shock and thus has frozen in the vital dynamics
of the original Type IIb SN. Among the most important parameters for constraining theoretical predictions of the
explosion are the mass and distribution of Fe and other elements that probe the unshocked ejecta (S, O, Si).
Here, we present a map of the unshocked ejecta originally presented in Milisavljevic et al. 2024 but are
showcasing, in detail, 3-Dimensional (3-D) reconstructions of two columns in the interior ejecta.

We performed a 3rd order polynomial fit as a continuum subtraction for each spaxel across each of the three lines.
For the 3-D reconstructions, we cropped each cube by 3 pixels on each side to remove detector artifacts. We
convert RA and DEC into velocity space using the scaling factor 0.022" per km/s (Milisavljevic & Fesen 2013).
We then linearly interpolated the data in the spectral axis to an equivalent (and greater) resolution as the spatial
axis for best representation. Using continuum-subtracted, cropped, interpolated cubes and velocities |v| < 3500
km /s, we measure the filling factor and reconstruct the interior ejecta in 3-D.
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Figure 1: Cross sections of [S IV], |[Ne II|, and |O IV| in P4. This representation is limited to the velocity range of
-3500 to +3500 km/s, but ejecta emission does appear beyond these bounds. We assume all emission |v| < 3500
km /s is unshocked ejecta.
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Figure 2: Same as Figure 1 but for P2.
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Figure 3: 3-Dimensional reconstructions of |S IV], [Ne II], and [O IV] in P4.
Lighter tones indicate higher flux. Data points in |O IV| and [S IV| with fluxes
greater than the standard deviation of the background-subtracted cubes are
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plotted. For [Ne II|, data brighter than 3o is shown.
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Figure 5: Narrow band imaging of [S IV]| (blue), |Ne II|
(green), and |OIV] (red) in 100 km/s sections ranging from

-200 to

+1300 km /s in P4.
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Table 1: Measures of filling factor across |S IV], [Ne II], and [O IV] in P2 and
P4. These values are reflective of the data seen in Figure 3 and Figure 4,
where all emission below the standard deviation is assumed to be devoid of

the ion.

RESULTS i
3-D reconstructions of Cas A’s interior ejecta are shown in Figures 3 and 4. All | Figure 4: Same as Figure 3 but for P2.
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These results will be compared to radiative transfer simulations to accurately Ellgg)lg ekfr:l /Ssame as Figure 5 but for P2 with the range -2400 to
constrain the temperatures, densities, and chemical abundances and to improve .
estimates of the total ejecta mass. Due to the small FOV of the JWST IFUs,
further (.)bservat.l{i)ns o.f other columns must be strate?glcally cho.sen. ’.co - CONCLUSIONS
?ccomphsh Spect ICA?CIGDCE gcl){als. I.n order to determine thelvar;labll.lty in filling e We observe a web-like network of interior ejecta filaments with scales as small
act.o.r across Cas s' unshocked ejecta, we Suggest randomly choosing > 8 as 0.01pc in two IFU positions in the center of Cas A.
positions spaced < 17 apart throughout the region. e For [SIV| and O IV|, we measure a filling factor of 19-23% for the interior
UNSHOCKED IRON ejecta.
There is weak/candidate Fe emission in the P4 region and implies 0.01 M of e These reconstructions are consistent with lower-resolution, archival Spitzer
unshocked Fe material. However, any potential feature is absent in P2, observations.
indicating the Fe is not uniformly distributed. This is an additional motivator * Additional IFU locations are desirable to probe locations of unshocked Fe and
for acquiring additional IFU positions with JWST across the interior, since Fe sample a range of filling factors across multiple columns. This will sample
traces the original N1 distribution. potential variation in filling factor and be sensitive to unshocked iron emission.
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