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Warm Dust in Supernovae

Introduction: 

Submm clumps
CO positions

Cold Dust in Supernova Remnants

The Herschel Space Observatory

Recent mid-IR studies with Spitzer have detected small (10-3-10-4 Msun) amounts of dust in recent 
supernovae (e.g. [3]) and a factor of 10 more in the older remnants.  Spitzer’s superior resolution 
and spectral coverage meant we could, for the first time, spatially deconstruct the dust and gas and 
found that cool chemistry is still ongoing 300 years after the initial explosion and that fresh dust 
grains are being formed in the ejecta [4,5].  Spitzer is restricted when determining the total mass 
without longer wavelength submm information, and could be missing a large cold component. 

Our Spitzer observations of the Cas A SNR [6,7,4,5] detected the equivalent to 10,000 Earth 
masses worth of dust co-spatial with the ejecta gas (Fig 3).   If this is representative of core-
collapse supernova, then this can account for a significant fraction of the dust we see in the early 
Universe, but not all.  This discrepancy could be explained if colder dust (<30K) existed alongside 
the warm dust.  Our detection of cold dust emission in Cas A (see other poster) suggested that 
large amounts of colder dust were created in the ejecta, providing more than enough to explain the 
cosmic dust budget crisis [8,9].

Combining IR, optical and X-ray allowed us to create the first 3-D reconstruction of Cas A (Fig 4, 
DeLaney et al. in prep).  We found two separate components to the explosion, a spherical 
component of material ejected out and consisting of the outer layers of the original star, and a 
flattened component from the inner layers of the original star.  Also seen are high-velocity plumes or 
jets of silicon, which appear in the northeast and southwest, while plumes of iron are seen in the 
southeast and north.

Although this field has advanced significantly with Spitzer and SCUBA, the inherent uncertainties in observing at these wavelengths 
with ground-based facilities and the small number of sources observed have hindered studies investigating the role of SNe in the 
interstellar dust budget.  It is crucial to determine the mass of any cold dust which is present since this dominates the total dust 
mass.  The Herschel Space Observatory (Fig 8) is the largest space telescope launched (mirror diameter 3.5m) and will observe IR 
and submm emission from 50-600µm.  Herschel was launched on May 14th and has recently taken “first-light” images (Fig 8).

Herschel will observe 5 remnants from IR-submm with the PACs and SPIRE instruments as part of the GT project MESS: Mass loss 
of Evolved StarS).  The aims of MESS are (1) determine the role of SNe in the dust budget and (2) characterise the nature of dust 
in SNRs.  The improved resolution, sensitivity and unexplored wavelength coverage of Herschel will finally reveal the nature (and 
quantity) of dust in SNe, including new light on emission properties, polarization of dust, composition and structure of dust grains. 

Fig 5. Top: SCUBA image of submm emission from cold dust in Kepler (Jy/beam).  Noise map and S/N map. 
Bottom: Integrated CO emission, molecular gas is seen in the N and S of the remnant (yellow contour).
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Dust plays an important role in many astronomical processes yet we know relatively little about its origin 
and evolution. Stellar outflows from low-intermediate mass stars are currently thought to be the most 
important contributors to stardust in the ISM (Fig 1). However, the dust mass injected by stellar winds is not 
sufficient to explain the mass in our Galaxy when dust destruction in shocks is included.  This is 
compounded by the discovery of large quantities of FIR emission from submm galaxies and quasars at 
high redshift [1].  Since the timescales for dust injection from stars are of the order of a few billion years, 
these winds take too long to evolve to their dust-production stages and cannot be responsible for the dusty 
galaxies in the early Universe (Fig 2, [2]).  The need for an extra source of dust on rapid timescales 
requires that massive stars must be significant producers either in their stellar winds and/or Supernovae 
(SNe).    Conditions following a supernova have long been thought to be conducive to the formation of dust 
with ~1Msun formed in theory, yet previous IR observations found little evidence.  

Fig 1: Current view of lifecycle of dust in galaxies. Fig 2: Dust mass build-up over time.

To determine the quantity of cold dust in SNRs, we have started a 
programme with the ground-based LABOCA camera at 870µm.   
We observed 4 galactic supernova remnants and one from the SMC 
between April 08-09. The sources are limited in number due to the 
long integration times required using ground-based cameras and 
the requirement that they are young (not dominated by swept up 
dust).  We have complimentary Spitzer data sets for all sources.   
Our submm data of the Galactic SNR G1.9+0.3 (Fig 6) highlights 
the problem of confusion in these regions.  It is very difficult to 
detect faint sources aganst such a strong background and we do 
not see a SNR structure in the submm nor in the IR, although we 
see large extended “dark clouds” in shadow with Spitzer, and in 
emission with LABOCA and BOLOCAM 1.1mm.

We observed Kepler’s remnant with SCUBA at 850µm (Fig 5, [10]) and reported an 
excess of submm emission over the expected synchrotron emission.  The submm 
fluxes suggested 0.3-3Msun of dust was associated with the remnant, an order of 
magnitude higher than those predicted from the Spitzer data [11].

Some of the submm emission from Cas A was shown to be contaminated by unrelated 
material along the line of sight. We explored whether the cold dust seen in Kepler could 
be originating from clouds towards the remnant using spectroscopic observations of 
atomic and molecular gas (12CO and 13CO, Fig 5).  We detected weak CO emission 
from diffuse, cold molecular gas at the locations of some of the submm clumps, yet the 
gas seen in 12CO is optically thin and makes a negligible contribution to the submm 
emission.  The dust mass for Kepler is revised to 0.1-1.2 Msun, sufficient to explain the 
origin of dust at high redshifts and solve the budget crisis [12].

Fig 8.  Right: First light image from Herschel at 250µm (M74) compared 
to left: Spitzer 160µm image of the same source. 

Below we show a preliminary comparison of IR and submm with Spitzer and LABOCA of the 
Galactic remnants G54.1+0.3 (Fig 7: left panel) and 3C397 (Fig 7: right panel).  In the case of 
G54.1, the cold dust seen at 870µm is spatially coincident with the MIPS 70µm emission in the 
central region but the south-east shell seen in IR, radio and X-ray is not seen in the submm.  For 
3C397, the submm emission is not correlated with the IR MIPS, although there is some submm 
across the front of the remnant, it is likely this is dust within an extended cloud towards the source.
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Fig 7.  G54.1+0.3 70, 870, 24 and 3µm and 3C397 at 870, 70, 24 and 24µm with LABOCA contours (3σ+3σ). 

Fig 3: Spitzer IR view of Cas A  (Rho et al. 2008, NASA/JPL/Rho).
Fig 4: 3-D view of Cas A using IR, X-ray 
and optical, DeLaney et al in prep.
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Fig 6.  G1.9+0.3 MIPS 24µm and 
870µm LABOCA contours 3+3σ.


