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Supernova Infrared Light Echoes

* Circumstellar (CSM) and/or interstellar (ISM) dust absorbs supernova (SN)
radiation and reradiates it in the infrared (IR). Dust is most efficiently heated by
ultraviolet (UV) radiation so UV-bright SNe are needed to produce strong IR
echoes. Type II SNe produce most intense UV radiation.

* Cas A is the youngest known remnant of a core-collapse (CC) SN in our Galaxy.
IR echoes of this SN IIb have been found with Spitzer (Krause et al. 2005). These
Cas A infrared echoes are mostly powered by the early-time UV SN radiation
(UV “tlash” - Dwek & Arendt 2008; Vogt et al. 2012).
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- Dust is vaporized by the SN radiation up to the vaporization radius r_, with
smaller grains vaporized to somewhat larger distances from the SN than larger grains.

- Beyond r , large grains are predicted to be rotationally disrupted into smaller

grains (Hoang et al. 2019). Small grains most efficiently absorb UV (but not optical)
radiation.

*Dense CSM has been recently found in the immediate vicinity of most progenitors of
Type II SNe. This greatly enhances UV radiation at early times following the SN
explosion (e.g., Dessart et al. 2017; Moriya et al. 2018).

*To give an example, we took one of the models of Moriya et al.. a 12 solar mass
RSG progenitor with the CSM mass of 0.089 solar masses , and considered
amorphous silicate grains with radius of 0.05 microns. We estimate r_ at 0.10 pc,

with grain temperatures there near 1790 K. Silicate dust is heated primarily by UV
“flash” radiation emitted within several days after the explosion, in a qualitative
agreement with observations of the Cas A IR echoes.

*Assuming a spherically-symmetric wind with mass-loss rate of 10™ solar masses per
yr, asymptotic wind speed of 15 km/s, and the dust/gas mass ratio of 0.003, we arrive
at the dust optical depth of 0.15 at r =0.10 pc. The estimated IR luminosity at early

times (t <t = 2r /c = 240 days) is 6 million solar luminosities, within the observed

IR luminosity range for CC SNe (e.g., Szalai et al 2019). Conclusions

1. IR echoes bear imprints of the strongly asymmetric CSM that is generally expected to be present around progenitors of Type II SNe in close binaries.
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Pole-on (left) and edge-on (right) spectra at several times. The reference wavelength is equal to (T /1000 K)'14.4
microns, where T is dust temperature at r . As expected, emission shifts to longer wavelengths at later times, but
the spectral evolution is more complex early on.
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Flux vs. time at (T /1000 K)™ 2.2 microns (left), (T /1000 K)"4.5 microns (middle), and (T, /1000 K)™"10 microns (right) for several viewing angles. Flux variations are
most pronounced at the shortest wavelength (K band), and they gradually decrease with the increasing wavelength.
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