A Chandra Legacy Observation of the LMC
SNR N132D: Expansion of the Forward Shock
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Expansion Analysis

We extracted radial profiles from the registered 2006 and 2019/2020 data and
searched for expansion. We assumed the 2019/2020 data as the “data” and the
2006 data as the “model”. We shifted the model with respect to the data until
the C statistic was minimized. The resulting shifts are plotted in Fig. 3 for the 14
regions. The red data points are from regions S1-S8 from the southern rim. The
green data points are from regions N1-N6. The data points from the southern
rim were fit with a constant (the blue line in Figure 3) to derive an expansion of
0.097 +/- 0.024 arcseconds over 14.15 yr which corresponds to a velocity of
1623+/-402 km/s. Note that regions N3 & N4 have a significantly larger

Abstract

We present the first results from a deep (900 ks) observation of the
Large Magellanic Cloud (LMC) supernova remnant N132D with the
Chandra X-ray Observatory. N132D is an O-rich supernova remnant
(SNR) of a 15-25 Me progenitor and is the most X-ray luminous SNR

in the Local Group (Lx~1.0x1038 ergs s' [0.3-10.0 keV)). We

compared the images of the bright rim in 2006 to our new data to
derive an expansion of 0.097 +/- 0.024 arcseconds over the 14.15
year baseline which corresponds to a shock velocity of 1623 +/-
402 km s-1 (0.0069 +/- 0.0017 arcsecond yr-1) for the southern
rim, and an average shock velocity of 3843 +/- 263 km s-1 for the
north-east blowout regions. Spectral fits to narrow regions near
the shock front result in an electron temperature of Te~1.00 keV
for the southern regions, and an electron temperature Te~0.77
keV for the north-east regions assuming a non-equilibrium
lonization model with abundances typical of the interstellar medium
in the LMC. This electron temperature of the southern regions
implies a shock velocity of ~ 900 km/s assuming full electron-ion
equilibration. The apparent discrepancy between the electron
temperature inferred from the measured shock velocity and that
inferred from the spectral fits may indicate that the electrons and
ions have not yet equilibrated in the southern forward shock
region of N132D. The electron temperature of north-east regions
implies a shock velocity of ~ 800 km/s assuming full electron-ion
equilibration. The discrepancy between the electron temperature
inferred from the measured shock velocity and that inferred from the
spectral fits would require a cosmic ray acceleration efficiency of
more than 50%, which is unlikely for these regions with spectra
dominated by thermal emission. It might indicate that we need
higher quality spectra and/or more complex models.

N132D

N132D was classified as an O-rich remnant based on optical spectra
(Lasker 1978). The remnant has a complicated morphology in X-rays
(Fig. 1) with many bright filaments which appear along the line-of-sight
to the interior of the remnant and several faint protrusions ahead of
the brightest parts of the shock. The southwestern part of the
remnant appears to have a semi-circular shell but the northeastern
part of the remnant has a fragmented and decidedly non-spherical
structure. A dense CO cloud has been mapped just to the south of the
remnant (Banas et al. 1997, Sano et al. 2015). The X-ray, optical, and
IR morphology are consistent with a remnant expanding into a cavity,
and the bright shell emission indicates an interaction between the
main blast wave and the cavity wall in the south (Hughes 1987 and
Sharda et al. 2020). HST Faint Object Spectrograph (FOS) showed
lines of C, O, Ne, & Mg but no evidence of Si, S, Ca, & Ar. Blair et al.
(2000) suggested that the progenitor may have had an O-rich mantle
which did not mix with the innermost ejecta layers. Early XMM results
(Behar et al. 2001) show a centrally concentrated morphology in Fe-K
emission, while O-K, Ne-K and Fe-L emission trace the outer bright
parts of the shell. Vogt & Dopita (2011) constructed a 3D map of the
[O Ill] filaments to show that the O ejecta form a ring 12 pc in diameter
inclined ~25 degrees from the line of sight. Law et al. (2020) confirm a
toroidal structure for the O ejecta, measuring velocities from -3000 to
+2300 km s-1 and estimating an age of 2450+/-195 yr. Borkowski et al.
(2007) used the high-resolution image from Chandra to conclude that
some of the O emission seen in X-rays (Fig. 2) is co-spatial with the O
filaments seen in the optical. Bamba et al. (2018) analyzed Suzaku
and NuSTAR data to conclude that the high energy emission could be
explained by a kT~5 keV equilibrium plasma or a kT~1.5 keV
recombining plasma. Hitomi et al. 2018 showed that the Fe-K
emission is redshifted with a velocity of 800 km s-1 based on the first
calorimeter spectrum. Sharda et al. 2020 used Chandra data to show
that the Fe-K emission is located in the southern half of the remnant
and estimated the progenitor mass to be 15+/-5 Me. Sano et al. 2020

found evidence of shock-heated CO clouds along the line of sight to B

the interior of the remnant.
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Observations and Registration

N132D was observed in 3 observations in 2006 and 28 observations in 2019
& 2020. Table 1 lists the observations and relevant details. Our analysis of the
expansion of the forward shock relies on the measurement of small
differences between the data in 2006 and 2019/2020. Therefore, we
registered the images using point sources to improve the absolute astrometry
provided by the default Chandra aspect reconstruction. The forward shock
regions used in this analysis are shown in Figure 3, which displays the
2019/2020 data in the 0.35-8.0 keV band. Figure 4 shows which 9 point
sources were selected for registration. Given that the roll angle and exposure
time varied from observation to observation, the point sources that could be
used for registration also varied from observation to observation. A minimum
of 4 and a maximum of 7 point sources were used to register the observations
to each other. We selected sources that were close to on-axis and sufficiently
bright such that the registration uncertainty is ~ 2 mas per source. We
selected the energy band of 1.2-7.0 keV to minimize the impact on our
analysis of the decreasing quantum efficiency(QE) of ACIS due to the buildup
of the contamination layer. We selected 14 of the 28 observations amounting
to a total of 582 ks of the total 878 ks to include in the expansion analysis in
order to provide sufficient counts in the point sources for the registration.

l Fig. 1: Extraction Regions (0.35-8.0 keV) Fig. 2: Sources used for registration
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Spectral Fits

We extracted spectra from the same regions used for the expansion analysis.
We assumed a single component vpshock model modified by a Galactic
absorption component fixed to 4.7x1020 cm-2 and variable absorption
component (tbvarabs) with LMC abundances. The fit results are shown in
Table 2 and representative fits for the southern region S3 (reduced x2 = 1.01/
DOF=14634) and north-east region N3 (reduced x2 = 1.12/DOF=14634) are
shown in Figures 4 & 5. The spectral plots show the 2006 data in red and the
2019/2020 data in black demonstrating the change in QE over time. The
fitted abundances are consistent with LMC abundances and indicate that the
emission in these regions is produced by swept-up interstellar material with
little or no ejecta component. The fitted values of the temperature, kTe, of the
southern ring vary from 0.76 keV to 1.20 keV with a mean of 0.97 keV.
This corresponds to a shock velocity of ~ 900 km/s assuming full equilibration
between ions and electrons. Given that our measured shock velocity is
approximately twice as large as this value, it indicates that the ions and
electrons are not in equilibrium. The relatively low level of equilibration may
be partially due to the fact that the progenitor exploded into a cavity created
by its stellar winds and the shock has only recently encountered the dense
material at the edge of the cavity. The fitted values of the temperatures of
north-east regions N3 & N4 are ~ 0.77 keV, while the measured shock
velocity implies a temperature of ~ 15 keV assuming full electron-ion
equilibration. If we assume the electron temperature results from Coulomb
collision with protons, the inferred shock velocity implies that > 60% of the
kinetic energy of the shock wave goes into cosmic ray acceleration.
Such a strong non-thermal component would result in synchrotron flux 100
times higher than is suggested by spectral fits that include power-law
components, and implies a cosmic-ray acceleration efficiency
much higher than the expected ~ 10-20%. We posit that the cause of this
discrepancy Is that the ionization timescale is not reliably estimated
from the spectral fitting.

Table 3. Shock region spectrum fit with a plane shock model. The best fitted parameter values with the 1o uncertainties are listed.
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expansion of ~ 0.230 arcseconds which corresponds to a velocity of
~3843+/-263 km/s. This would be consistent with the shock interacting with less
dense material in the NE and suffering less deceleration than in the south.

Fig. 3: Expansion results for the 14 regions in Fig. 1
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Fig. 4: Expansion velocities and the estimated expansion centers
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Table 2:Expansion centers in Fig. 4

RA

05h 25m 02.70s
05h 25m 01.71s
05h 25m 01.59s

DEC

—69° 38" 34700 Optical filaments
—69° 38" 41”764 Optical knots
—69°38' 41720 X-ray

Expansion centers

Morse et al. (1995)
Banovetz et al. (2023)
estimated expansion center
(based on regions S1-S8)

Fig. 5: Region S3 tbabs+tbvarabs+vpshock fit
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