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ABSTRA CT

We have usedthe instruments on the Spitzer observatory to study the Large
Magellanic Cloud supernova remnants (SNRs) N11L, N44, N49, N206, N63A,
and N157B. The two large SNRsN44 and N206were not detectedin any IRAC
or MIPS wavebands;the remainder were detectedat one or more wavelengths.
In particular, the SNRs N49 and N63A each had features that were evident in
all available IRAC and MIPS bands. Each of thesetwo alsodisplayed faint limb
emissionin the MIPS 24 � m band only. IRS spectra obtained for the N49 SNR
showed a number of prominent lines, with little continuum contribution. We
thereforesuggestthat N49, and possiblyN63A, are dominated by line emission,
with thermal emissionfrom hot dust being at most a secondarycomponent.

Subject headings: ISM: supernova remnants { ISM: individual (N11L, N44, N49,
N206,N63A, N157B)

1. In tro duction

Supernova remnants (SNRs) are expected to produce infrared (IR) emissionfrom such
mechanismsasatomic and molecularline emission(dominatedby ground-state�ne structure
lines), free-freeemissionfrom hot gas,synchrotron emission,and thermal continuum emission
from dust heatedby collisionswith the post-shock gas. Of these,we expect only negligible
contributions from free-freeemission(e.g.,Fischeraet al. 2002)or from synchrotron emission
(Graham et al. 1987). Thus, the IR emissionis thought to be dominated by line emission
and/or thermal emissionfrom dust. The dust emissionis of particular interest to the study
of SNRs,assupernovaeare thought to producea signi�cant fraction of dust in the ISM (e.g.,
Dwek 1998). Dust emission,in turn, is an important factor in cooling the hot plasmawithin
SNRs through inelastic collisions with electronsand ions (Ostriker & Silk 1973;Smith &
Cox 2001).
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Infrared emission was detected with the Infr ared Astronomy Satellite (IRAS) from
roughly a third of the known Galactic SNRs,demonstratingthe di�cult y in detecting many
of theseobjects in the confusionwith other IR sourcesin the ISM. Becauseof this confusion,
most of the SNRsto be observed were comparatively bright, nearby objects (Arendt 1989).
Similarly, IRAS observations of the LargeMagellanicCloud (LMC), including pointed obser-
vations toward nine known remnants, only detectedfour SNRs(Graham et al. 1987). Using
the more recent GLIMPSE survey from the Spitzer Space Telescope, Reach et al. (2005)
clearly detected18 of 95 Galactic SNRsknown to be within the �elds.

Spitzer observations are sensitive to many forms of infrared emissionfrom SNRs, de-
pending on the instrument and wavelength band. The Infrared Spectrograph (IRS; Houck
et al. 2004)is ideal for the study of line emission.The Infrared Array Camera(IRA C; Fazio
et al. 2004) is expected to include emissionfrom polycyclic aromatic hydrocarbons (PAHs)
and very small grains (VSGs); H2 lines; and a number of atomic lines including Br� 4.1 � m,
[Fe I I] 5.3 � m and [Ar I I] 7.0 � m. The Multiband Imaging Photometer for Spitzer (MIPS;
Rieke et al. 2004) bands are also expected to include someatomic line emission,including
[Fe I I] 24.5� m, [O I] 63.2� m, and [C I I] 157� m; additionally, we expect signi�cant thermal
emissionfrom collisionally heateddust.

2. Observ ations

We obtained proprietary Spitzerobservations for regionswhich include the LMC SNRs
N63A, N11L and SNR 0523� 67.9 in N44, as well as archival Spitzer data for SNRs N49,
SNR 0532� 71.0 in N206, and N157B. The observations are summarizedin Table 1. All
datasetswere processedby the Spitzer ScienceCenter (SSC) to produce Basic Calibrated
Data (BCD) �les.

Imageswith IRAC were obtained for all six SNRs. The observations were carried out
in mapping mode for the 3.6, 4.5, 5.8, and 8.0 � m bands. A summaryof the dynamic range,
exposuretimes, and dither patterns is given in Table 2. We usedpost-BCD mosaicimages
resulting from the standard SSCreduction pipeline (versionS11).

MIPS scanmaps were available for SNRs N63A, N11L, N44 (SNR), and N206 (SNR)
in the 24, 70, and 160� m bands. The scanrate, number and length of scanlegs,and cross-
scanstep size for thesemaps are summarizedin Table 3, along with the resulting spatial
coverage.For N49, observations in the MIPS Photometry mode wereavailable in the 24 and
70 � m bands. The 24 � m observation took four 3 s observations of a small �eld, while the 70
� m observation took one10 s observation of a large �eld. We usedthe standard post-BCD
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imagesfor our study.

N49wasobservedwith the IRS in staring mode. Low resolutionspectra wereobtainedin
the 5.2{8.7 � m (SL2) and 7.4{14.5 � m (SL1) bands;high resolution spectra were obtained
in the 9.9{19.6 � m (SH) and 18.7{37.2 � m (LH) bands. IRS spectra were extracted and
calibrated using the SSCSPICE package. The 
ux calibration for thesespectra is basedon
SSCestablishedconversionfactors from electronss� 1 to Jy, correctedby factors determined
from the spectra of standard stars. No background subtraction was performed, as both
\no d" positions lie along emitting material within N49.

3. Results

3.1. Imaging

There is a great dealof variation asto which SNRscanbe seenin each of the IRAC and
MIPS wavebands(above the level of the nearby H I I complexes).Two of theseSNRs,N44
and N206, are not detected in any band; two others, N11L and N157B, are faintly visible
at 4.5 � m. N63A and N49 both have interior concentrations of material that are evident
at all available wavelengths;in both cases,however, the SNR limb is distinct at 24 � m but
undetectable in other wavebands. Flux densities for these objects in each waveband are
listed in Table 4; becausetheseobjects are extended,the IRAC 
uxes are multiplied by the
correction factor for an \in�nite" aperture as recommendedin the IRAC Data Handbook1.
The SNRsare discussedindividually below.

3.1.1. N11L

N11L (SNR 0454-68.5)is on the periphery of the N11 H I I complex,framedby a 150pc
�lament at the edgeof that complex. The SNR itself shows a clear shell structure in optical
emission lines, with �laments projecting beyond the boundary of that shell. Its optical
expansionvelocity is � 200km s� 1 (Williams et al. 1999).

N11L was closeto the edgeof the region scannedin the N11 observation; it was only
partially coveredin the 3.6and 5.8 � m IRAC bands,and wasat the extremeedgeof the three
MIPS bands. No emissionfrom the SNR wasdistinguishedin any of thesebands. Likewise,
the 8 � m IRAC band showed no emissionabove the background level for this SNR. In the

1http://ssc.spitzer.caltec h.edu/irac/dh/iracdatahandb ook2.0.pdf, Table 5.7
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4.5 � m IRAC band, however, the SNR shell is faint but distinct, with a similar morphology
to that seenin H� (Fig. 1).

3.1.2. SNR 0523-67.9in N44

The N44 SNR is to the northeast of the N44 H I I region, overlapping with the H I I

region to the west and south (Chu et al. 1993). The SNR hasa bi-lobed structure, possibly
due to an intersecting dust lane. It shows an irregular expansion,with velocities of up to
150km s� 1 (Kim et al. 1998).

The SNR in N44 is, in general, conspicuousby its absencein the IRAC and MIPS
images. There seemsto be no infrared emissionat Spitzer wavelengthsfollowing the SNR
shell seenin the optical and X-ray regimes. A large cloud seenin all bands overlaps the
SNR southwesternlimb; an \arm" of that cloud seenclearly at 5.8, 8.0 and 24 � m protrudes
acrossthe SNR between its two lobes. This \arm", seenat the IR wavelengthswhich are
most sensitive to dust emission, is coincident with the dust lane causing obscuration in
optical images.Some5.8 and 8.0 � m emissionsurroundsthe shell boundary, but asidefrom
the intersecting\arm", the emissionin thesebandsis notably lower over most of the optical
extent of the SNR (Fig. 2). While it is quite possiblethat someof the dust \arm" is shock-
heated by the SNR behind it, the \arm" appears to be part of a much larger IR emission
feature that extendswell south of the SNR on the sky.

3.1.3. N49

N49 (SNR 0525-66.1)is unusual for this sample,in that it is not situated in or near an
H I I region. However, it does lie near a molecular cloud, with which it may be interacting
(Banas et al. 1997). X-ray and radio maps show a completeSNR shell (Park et al. 2003;
Dickel & Milne 1998),while optical maps largely highlight a complexof �laments covering
the easternsideof the SNR(Bilik ova et al. 2005). It wasnotedasan IRAS sourceby Graham
et al. (1987).

Unlike most of the remnants discussedhere,N49 shows clearly in all four of the IRAC
bands and the 24 and 70 � m MIPS bands (Fig. 3). Observations of this SNR in the 160
� m band are not yet available in the archive. Regionsthat are bright in the IRAC bands
correspond well to brighter regionsof emissionat optical wavelengths(Bilik ova et al. 2005),
even showing someof the same�lamentary structure (Fig. 4). The 70 � m imageshows very
similar structure, albeit at lower resolution. At 24 � m, however, in addition to thesebright
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emissionregions,onecan alsodetect faint emissionfrom the rest of the SNR as seenin the
X-ray and radio regimes,with a morphology very similar to that in radio. In particular,
the western limb of the SNR, which has no detectableoptical emission,is seenfaintly but
distinctly at 24 � m. In Table 4, we estimate the 
ux density from the western limb only, as
well as that from the entire SNR.

3.1.4. N63A

N63A (SNR 0535-66.0)lies within the N63 H I I region (Shull 1983). It was noted as
an IRAS sourceby Graham et al. (1987). While radio and X-ray observations of the SNR
show a completeshell (Dickel et al. 1993;Warren et al. 2003),most of this shell is not seen
in optical emissionlines. The bright optical emissionis con�ned to a three-lobed structure
on the western side of the SNR. Levensonet al. (1995) showed that the two easternlobes
of this nebula have high [S I I]/H � ratios, indicative of shock ionization, while the optical
spectrum of the western lobe is more consistent with the photoionization in H I I regions.

The optically-bright nebulais alsobright in the IRAC and MIPS wavebands(Fig. 5). In
the IRAC and 24 � m MIPS bands,wherethe resolution is su�cien t to distinguish between
the lobes, the western lobe is notably brighter than the two eastern lobes. In the IRAC
bands, this three-lobed region is the only feature of N63A to appear above the background
emission.This alsoappearsto be the casefor the 70 and 160� m observations, although the
lower resolutionof the latter imagesmakesit moredi�cult to distinguish emissionassociated
with the three-lobed nebula from the rest of the SNR. The 
ux densitiesfor theselobesare
given in Table 5.

The 24 � m MIPS band, on the other hand, shows clear emissionover the entire X-
ray/radio shell of the SNR. The emissionis evenly distributed over most of the faceof the
SNR, asidefrom the aforementioned three-lobed structure. A slightly brighter spot on the
easternlimb corresponds to an area with [S I I]-bright knots and enhancedX-ray emission
(Fig. 5; also Chu et al. 1999). The 24 � m image also shows faint loops to the southwest,
projecting beyond the boundary of the SNR.Thesecorrespond well to soft X-ray \crescents"
noted by Warren et al. (2003). With the exceptionof the three-lobed nebula(seenin X-rays
asa heavily absorbed region), there is a strong correspondencebetweenthe 24 � m emission
and the X-ray emissionseenby Chandra. The 
ux density of this 24 � m emission,as with
N49, is given separatelyin Table 4, as well as that of the SNR as a whole.
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3.1.5. SNR 0532� 71.0 in N206

The SNR lies just outside the easternrim of the N206 H I I region, with someoverlap
toward the south of the SNR. It was observed by IRAS but not detected (Graham et al.
1987). It has an estimated expansionvelocity of 200 km s� 1. An elongatedradio and X-
ray feature within the remnant, associated with an X-ray point source,is thought to be a
pulsar-wind nebula (Williams et al. 2005). Spitzerdata for the neighboring H I I region have
beenanalyzedby Gorjian et al. (2004), who note that the region is rich in PAH emission
except for the northeast side,nearestthe SNR.

As with the SNR in N44, the SNR in N206doesnot show emissioneasilydistinguishable
from that of the surrounding H I I region. An extensionfrom the H I I region overlaps the
southern limb of the SNR, but doesnot seemto be correlatedwith the emissionof the SNR
at other wavelengths. Spitzer imagesof the N206H I I region, including the SNR, have been
publishedby Gorjian et al. (2004).

3.1.6. N157B

N157B (SNR 0538-69.1)adjoins the 30 Doradusgiant H I I region. It is oneof the two
LMC remnants for which the presenceof an associated pulsar has beendirectly con�rmed.
Chu et al. (1992)usedoptical imaging and spectroscopy to determinea SNR extent of about
9000� 7000, with patchy optical emissionover its faceand no clearshellstructure. Dark clouds
appear to be obscuringthe southern portions of the SNR.

No MIPS data is yet available for N157B. In the IRAC bands (Fig. 6), the brightest
feature is a \knot" on the southern side of the SNR, with an embeddedpoint source. This
bright IR region corresponds well to a region of lower H� emission. However, there is also
fainter emissionat 3.6 and 4.5 � m north of this dust cloud, with an extent similar to that in
H� and with the brightest emissionroughly corresponding to the H� �laments. At 5.8 and
8.0 � m, any emissionfrom the SNR is confusedwith the extensive foreground/background
emissionin the region.

3.2. IR Spectroscop y of N49

We examinedthe available low- and high-resolution IRS spectra for the SNR N49 at
both \no d" positions. The placement of the slits is shown in Fig. 7. Spectra for the �rst
nod position are shown in Fig. 8. The most prominent lines are given in Table 6, with their
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measuredcentral wavelengthsand intensities. The line intensitiesare given in terms of both
peak 
ux density (Jy) and line 
ux (erg cm� 2 s� 1). Uncertainties in the 
ux calibration
(for point sources)are estimated at 1� values of 20% for the low-resolution and 30% for
the high-resolution observations. However, the gain along the slit has not yet been fully
calibrated, so additional errors may be introducedto the 
ux calibrations for our extended
sources.There appearsto be a signi�cant 
ux \jump" betweensimilar lines observed by the
SL and SH modules; in part this is probably due to the lack of background subtraction, but
there is also a known mismatch betweenthe detectors2. Tentativ e identi�cations are given
for each line basedon wavelength coincidencewith ionic and molecular lines known to be
prominent over the 5.2-38� m wavelength rangein SNRs(e.g., Oliva et al. 1999a,b).

4. Discussion

Of our sample of 6 known SNRs within our available �elds, we had 2 strong and 2
marginal detectionsin at least onewaveband,along with the detection of a feature possibly
associated with the N44 SNR. For comparison,18 Galactic SNRs were strongly detected
(score1) and 17 possibly detected in confused�elds (score2) by Reach et al. (2005), out
of a sampleof 95 located within the �elds of the Spitzer GLIMPSE survey. Note, however,
that the Reach et al. (2005) search did not include MIPS data, so featureswhich appear
primarily at 24 � m, such as the outer limbs of N63A and N49, would not be seenin their
survey.

The non-detectionsof the SNRsin N206,and possiblyN44, are relatively unsurprising.
Both of theseSNRshave radii > 20pc (Chu et al. 1993;Williams et al. 2005),while the other
four SNRshave radii of � 8 � 11 pc. Thus, surfacebrightnessbecomesmore of an issuefor
theselarger remnants, and may well put them under the upper limits for detection in most
wavebands(Table 4). The lack of detectableemissionfrom the N206 SNR is particularly
notable in light of the absenceof PAH emissionin that area of the N206 H I I region, as
noted by Gorjian et al. (2004).

We expect the environments of these SNRs to also have a strong in
uence on their
detections(or lack thereof). To show substantial dust emissionwould require the presence
of densecloudsinteracting with the SNR. There is no evidencefor the presenceof such dust
clouds in the immediate vicinit y of the N206 SNR; in N44, the optically-obscuring \arm"
suggestsat least somedenseconcentrations, but not su�cien t for shock-heateddust to raise
the SNR's IR surfacebrightnessover the background.

2IRS Data Handbook, http://ssc.spitzer.caltec h.edu/irs/dh/irsDH10.p df
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The detection of weak emissionfrom N11L at 4.5 � m and N157B at 3.6 and 4.5 � m
are likely to be due to line emissionfrom these remnants. Neither SNR is discernablein
the dust-sensitive 8.0 � m band; the shorter-wavelength bands, in general, are dominated
by ionic and (especially) molecular line emission(e.g., Reach et al. 2005). In addition, the
morphologiesclosely trace the SNR limb and �lament structures seenin optical emission
lines.

N49 is bright at all of the wavelengthsobserved to date by Spitzer. This may bea result,
in part, of N49's interaction with a molecular cloud to its southeast. In this, it is similar
to the Galactic SNR IC443, which is also interacting with a nearby molecularcloud, and is
bright at a wide range of infrared wavelengths(Mufson et al. 1986;Braun & Strom 1986;
Rho et al. 2001). The IRS observation of N49 con�rms the presenceof numerousstrong
ionic lines, as well as several lines probably originating from H2 transitions. The SNR does
not appear to be dominated by PAH/VSG emission,as we would expect PAH-dominated
emissionto bestrongestin the 8 � m band, while in fact the emissionthere is somewhatcloser
to background levels than at 3.6 or 4.5 � m. The lack of PAH emissioncould be accounted
for by, e.g.,PAH destruction by far-ultraviolet (FUV) radiation from the shock precursorof
N49, which is known to have fairly rapid expansionvelocities (Bilik ova et al. 2005).

We then considerwhether thermal emissionfrom dust, as well as line emission,makes
up a signi�cant part of the IR emissionfrom N49. The emissionin the IRAC bands only
tracesthe brightest optical �laments, which alsoshow up strongly in the MIPS 24and 70� m
bands. Thesebright �laments very probably are the sourceof the emissionmeasuredin the
IRS spectra, which indicate a number of strong emissionlines. The continuum levels of the
post-BCD spectra appear to be very closeto zero, strongly suggestinga lack of substantial
continuum emissionfrom hot dust. We therefore argue that line emissionis the dominant
component of the mid/far infrared emissionfrom the bright �laments which arethe dominant
sourceof emissionfrom N49. While we cannot rule out additional contributions from hot
dust, this lack of continuum emissionindicates that such contributions are comparatively
minor.

Notably, however, the 24 � m emission(only) alsoshows the completeSNR shell, includ-
ing the west sidewhich is largely undetectablein optical emissionlines. The spectroscopy of
N49 shows the presenceof several lines within the bandwidth of the 24 � m image(� � � 4:7
� m), including an [Fe I I I] line at 23.0 � m, [Fe I I] lines at 24.5 and 26.0 � m, and an [O IV ]
line at 25.9 � m. The 25.9and 26.0� m lines are both considerablybrighter than any of the
lines which fall within the IRAC bands. Thus it is entirely plausible that the sourceof the
24 � m emissionfrom the SNR shell is primarily line emission. To quantify this estimate
further, we summedthe expected 
uxes of theselines, which, over the 11:001 � 22:003 area of
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the slit, gave a total 
ux of 2.2� 10� 12 erg cm� 2 s� 1. Summing over the surfacebrightness
of the sameareaof the MIPS 24 � m image(without background subtraction) givesa total

ux of 2.8� 10� 12 erg cm� 2 s� 1. Thus, basedon theserough estimates,line emissionshould
be responsiblefor at least 79%of the MIPS 24 � m emissionfrom N49.

On the other hand, the 
ux density of thermal emissionfrom hot dust is proportional
to Q� B � (Td), where B � is the Planck function, Q� is an e�ciency factor for the infrared
emissivity, and Td is the dust temperature. For metalsand crystalline grains in the mid/far-
IR, Q� / � � 2; typical dust temperatures from a young SNR are � 100� 130 K (e.g.,
Stanimirovi�c et al. 2005). Plotting this expectedcurve for the IRAC and MIPS wavebands,
we seethat the curve peaksin the 24 � m band. The curve predicts that the next highest

ux density, in the 8 � m band, will be � 10� fainter than that at 24 � m. Since the 24
� m surfacebrightnessof the northwest limb of N49 is relatively faint (� 4 � 5� above local
background), it is quite plausible that emissionten times fainter would not be detected.

However, to assessthe probability of signi�cant dust emission, we must once again
take the environment of the SNR into account. The western side of the SNR, seenalmost
exclusively at 24 � m, is expandinginto a low-density environment (Bilik ova et al. 2005),as
illustrated by the lack of optical emissionin this region. Thus, we would not expect the
high-density clouds required to produce substantial thermal dust emission. On the other
hand, the southeasternside of the SNR is thought to be encountering a molecular cloud,
wheredensematerial is expected. It is conceivable that the limb emissionalong this sideof
the SNR could still have a substantial hot dust contribution.

For SNRs within H I I regions, such as N63A, there may be su�cien t far-ultraviolet
radiation to destroy nearby PAHs. In fact, the shell (limb) of N63A is largely undetectable
in any of the IRAC wavebands,which as we have noted above are most sensitive to PAH
emission. At 24 � m, however, the complete shell of N63A (also seenin the X-ray and
radio regimes) is apparent. The radio and IR coincidencemight result from a signi�cant
synchrotron component in the IR. However, extrapolating the radio spectrum for N63A
(Dickel et al. 1993)to 24 � m givesan expected
ux density of 6 mJy at that wavelength, less
than 1%of the observed 
ux density. Thus, we take the strong X-ray and IR correspondence
asan indication that line emissionagain dominatesin the shell at 24 � m. As with N49, this
doesnot wholly precludethe presenceof a hot dust component. However, the lack optical
emissionagain suggestsa low-density environment (other than in the three-lobed nebula)
and thereforethat the region lacks the necessarydenseclumps for signi�cant dust emission.

In contrast, the three-lobed nebular region of N63A is apparent at all available wave-
lengths, most brightly in the western(photoionized) lobe. The spectral energydistribution
(SED) of the entire SNR, which is dominatedby this central nebula,appearssimilar to that
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of N49. While it is plausiblethat thesehigh-density regionsin N63A may have similar emis-
sion properties to the high-density �laments of N49, more detailed spectroscopy is required
to probe the dominant processesproducing the infrared emission.When the lobesare con-
sideredseparately, their SEDs are similar to one another overall; surprisingly, the SEDs of
the southeastern(shocked) lobe and the western (photoionized) lobe have almost identical
spectral shapes, while the northeastern (shocked) lobe has an SED slightly divergent from
those of the other two. Given that the optical data suggestthat the western lobe is an
unshocked H I I region while the easternlobes are shocked by the SNR, it is surprising to
�nd that the northeastern lobe, rather than the western lobe, shows the greatestdi�erence
from the other two lobes.

Reach et al. (2005), in their study of Galactic SNRs, were able to measure
uxes for
a number of those SNRs in all four IRAC bands. Based on measurements and simple
models, the authors developed an IRAC color-color diagram showing the regionsof \color
space" expected for di�erent emissionmechanisms, including PAH, ionic, molecular and
synchrotron emission.They found little evidenceof synchrotron emissionfor their detected
SNRs;and state that \observations of infrared emissionfrom SNRsto date have shown little
or no evidenceof signi�cant dust emission(PAH or continuum) within the wavelengthsof the
IRAC bands." From their sample,they identi�ed regionswithin the SNRswith colorstypical
of emissionfrom molecular lines, ionic lines, and PAHs. A number of their detectedSNRs
showed signi�cant molecular-line emission; several of these have other signs of molecular
cloud interaction, such asmaseremission.

N49and N63A arethe only SNRsin this samplefor which all four IRAC bandsareavail-
able. UsingN49,wedeterminecolorsof I(3.6� m)/I(5.8 � m)=0.25 and I(4.5� m)/I(8 � m)=0.23.
Thesecolors place N49 between the \molecular shocks" and \ionic shocks" sectionsof the
color-colordiagram of Reach et al. (2005,Fig. 2), somewhatcloserto the areawheremolec-
ular shocks predominate. These colors are thought to represent \a mixture of molecular
and ionic shocks," and are seenin such remnants as, e.g., CTB 37A and G348.5� 0.0. We
seefrom the ionic and molecular lines identi�ed by Spitzer IRS spectroscopy (Table 6) that
this is indeed an accurate characterization for N49. Reach et al. (2005) notes that both
CTB 37A and G348.5� 0.0 are associated with OH 1720 masers,which strongly suggests
that these remnants are interacting with molecular clouds, as N49 is thought to be. All
lobes of the three-lobed nebula in N63A have colors (Table 5) that place them within the
\molecular shock" portion of the diagram, suggestingthat shocked moleculargasdominates
at the near-IR wavelengths.

Perhapsthe most interesting (and mysterious) result is that for our two clearestdetec-
tions, N49 and N63A, the outer limb of the SNR (in both cases,extremely faint in optical
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emissionlines) is detectedclearly at 24 � m but not in the other wavebands. Stanimirovi�c
et al. (2005) �nd a similar result for the Small Magellanic Cloud SNR 1E 0102.2-7219;the
SNR is detectedclearly at 24 � m, but not at 8 or 70 � m. They concludethat line emission
may be signi�cant in E0102,and even dominate the infrared emission.

This work is basedon observations made with the Spitzer SpaceTelescope, which is
operated by the Jet Propulsion Laboratory, California Institute of Technology under a con-
tract with NASA. Support for this work wasprovided by NASA through JPL/Caltech award
JPL-1264494.The research program is basedon work supported by the NASA under grant
NNG05GC97Gthrough the LTSA program.
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Table 1. Spitzer Datasetsused

SNR Inst. Mode Prgrm AOR PI Date

N11L IRAC Map 3565 11171840 Chu 2004Nov. 30
N11L MIPS ScanMap 3565 11177728 Chu 2005Mar. 7
N44-SNR IRAC Map 3565 11172352 Chu 2005Mar. 28
N44-SNR MIPS ScanMap 3565 11177984 Chu 2005Apr. 7
N49 IRAC Map 124 8152064 Gehrz 2004May 5
N49 MIPS 24� m Phot 124 8151808 Gehrz 2004May 26
N49 MIPS 70� m Phot 124 8791040 Gehrz 2005May 26
N49 IRS Stare 124 6586112 Gehrz 2004May 31
N206-SNR IRAC Map 1061 6063104 Gorjian 2003Nov. 21
N206-SNR MIPS ScanMap 717 7864320 Rieke 2003Nov. 24
N63A IRAC Map 3565 11173888 Chu 2004Dec. 16
N63A MIPS ScanMap 3565 11178496 Chu 2005Mar. 8
N157B IRAC Map 63 4379904 Houck 2004Jan. 12
N157B IRAC Map 1032 6056960 Brandl 2003Nov. 06

Table 2. IRAC Data Information

SNR Prog. Hi Dyn Exposures Dither

N11L 3565 Y 5 � 30s Medium, Cycling
N44-SNR 3565 Y 5 � 30s Medium, Cycling
N49 124 N 10 � 2s Large, 5-Gaussian
N206-SNR 1061 Y 3 � 12s Small, Cycling
N63A 3565 Y 5 � 30s Medium, Cycling
N157B 63 Y 3 � 12s Medium, Cycling
N157B 1032 Y 3 � 12s Medium, Cycling
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Table 3. MIPS ScanMap Information

SNR Scan Scan Leg Scan Spatial
Name Rate Legs Length Step Coverage

N11L Medium 16 0:� 5 14800 500� 200

N44-SNR Medium 16 0:� 5 14800 500� 200

N206-SNR Medium 8 0:� 5 14800 500� 200

N63A Medium 16 0:� 5 14800 500� 150

Table 4. Flux Density Estimates

Band N11L N44 N49 N49-limb N206 N63A N63A-limb N157B
(� m) (mJy) (mJy) (mJy) (mJy) (mJy) (mJy) (mJy) (mJy)

3.6 � � � < 74 32 < 8.8 < 96 37 < 6.8 62
4.5 1.5 < 51 41 < 8.2 < 70 32 < 5.9 87
5.8 � � � < 86 130 < 26 < 140 130 < 17 < 140
8.0 < 8.5 < 190 180 < 30 < 250 300 < 45 < 210
24 � � � < 744 1500 66 < 300 2300 760 � � �
70 � � � < 5100 10,200 < 433 < 3200 7700 < 2100 � � �
160 � � � < 12,500 � � � � � � < 2200 5800 < 2300 � � �
Areaa 0.73 8.80 1.11 0.40 8.31 1.31 0.92 1.20

aArea on the sky (of SNR or portion thereof) for which 
ux densitiesare estimated,given
in squarearcminutes. The N49-limb area includes only the eastern limb, without any of
the bright �laments; the N63A-limb areaexcludesthe three-lobed nebular emission;and the
N157B areaexcludesthe southern dust clouds.

Note. | \ < " indicates that the SNR is not detected in this waveband. The number
given is an upper limit, giving the 
ux required for a detection 2� above the background.
Calibration errors are of order 10{20%.
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Table 5. Flux Densitiesfor N63A \Lob es"

Band N shock S shock W phot
(� m) (mJy) (mJy) (mJy)

3.6 4.6 11 11
4.5 4.7 9.7 9.0
5.8 13 35 30
8.0 30 93 87
24 280 370 370
Area 0.044 0.054 0.036
I(3.6)/I(5.8) 0.35 0.31 0.37
I(4.5)/I(8) 0.16 0.10 0.10

Note. | The three lobesare referred to as \N shock" for the northeasternshocked lobe,
\S shock" for the southeasternshocked lobe, and \W phot" for the western photoionized
lobe. Areasare in squarearcminutes.
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Table 6. Lines and Line Fluxes from IRS data for N49

Nod Position 1 Nod Position 2 Line
� (� m) F�

a Fb � (� m) F�
a Fb ID Comments

Short{Lo w Resolution

5.34 0.011 11 5.34 0.013 8.2 [Fe I I] 2nd order
7.03 0.016 11 7.00 0.027 18 [Ar I I] 2nd order
9.72 0.033 16 9.72 0.047 19 H2 (0,0)S(3) trans
12.32 0.034 14 12.32 0.041 14 H2 (0,0)S(2) trans
12.87 0.189 46 12.87 0.193 56 [Ne I I] 1st order

Short{High Resolution

10.54 0.132 3.8 10.50 0.071 0.8 [S IV ] noise
12.30 0.180 3.9 12.30 0.153 5.3 H2 (0,0)S(2) trans
12.83 1.00 47 12.83 0.429 20 [Ne I I]
15.57 1.15 43 15.57 0.567 20 [Ne I I I]
17.05 0.333 11 17.05 0.266 7.9 H2 (0,0)S(1) trans
17.94 0.665 24 17.94 0.297 13 [Fe I I]
18.73 0.376 14 18.73 0.183 8.6 [S I I I]

Long{High Resolution

22.95 0.839 18 22.95 0.549 12 [Fe I I I]
24.55 0.247 19 24.55 0.865 20 [Fe I I]
25.90 2.71 55 25.90 2.75 54 [O IV ]
26.00 5.83 125 26.00 6.28 115 [Fe I I]
33.47 2.37 49 33.47 2.62 44 [S I I I]
34.84 12.9 263 34.84 14.3 217 [Si I I]
35.36 2.27 52 35.36 2.67 46 [Fe I I]

a Peak 
ux in Jy

b Line total 
ux in 10� 14 erg cm� 2 s� 1
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Fig. 1.| Imagesof N11L with IRAC (a) 4.5 and (b) 8.0 � m; and with the Cerro Tololo
Inter-American Observatory (CTIO) Curtis Schmidt Telescope in (c) H� and (d) [S I I].



{ 18 {

Fig. 2.| Imagesof N44 with IRAC (a) 5.8 and (b) 8.0 � m; MIPS (c) 24 � m; and the CTIO
Curtis Schmidt Telescope in (d) H� .



{ 19 {

Fig. 3.| Imagesof N49 with IRAC (a) 3.6 (b) 4.5 (c) 5.8 (d) 8.0 � m and MIPS (e) 24.0
and (f ) 70 � m
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Fig. 4.| Imagesof N49 with (a) the Chandra X-ray Observatory (Park et al. 2003);(b) the
Australia Telescope Compact Array at 13 cm (Dickel & Milne 1998);and the HubbleSpace
Telescope (HST) WFPC2 in (c) H� and (d) [O I I I] (Bilik ova et al. 2005).
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Fig. 5.| Imagesof N63A with (a) IRAC 8.0 � m; (b) MIPS 24.0 � m; (c) the HST WFPC2
in H� ; and (d) smoothed X-ray data from Chandra (Warren et al. 2003).
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Fig. 6.| Imagesof N157Bwith IRAC (a) 3.6 (b) 4.5 (c) 5.8 (d) 8.0 � m; and with the CTIO
Curtis Schmidt Telescope in (c) H� and (d) [S I I].
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Fig. 7.| Positionsof the IRS slits superposedon the HubbleSpace Telescope (HST) WFPC2
H� imageof N49. From shortest to longest,theseare the Short-High Resolution,Long-High
Resolution,and Short-Low Resolutionslits.
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Fig. 8.| Spectra of N49 with IRS: (a) Short-High Resolution, (b) Long-High Resolution,
(c) Short-Low Resolution,2nd-3rd order, and (d) Short-Low Resolution,1st order.


