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Chapter 13

Stellar explosions and remnants of

massive stars

13.1 Supernovae

Supernovae are stellar explosions during which the luminosity of a star reaches 109−1010 L⊙ at maxi-

mum, remaining bright for several months afterward. At least eight supernovae have been observed in

our Galaxy over the past 2000 years, by Chinese and in some cases also by Japanese, Korean, Arabian

and European astronomers (see Table 13.1). The remnants of these supernovae are in most cases still

visible as luminous expanding nebulae, containing the matter that was expelled in the explosion. The

supernova that left the remnant known as Cas A has not been reported, its explosion date has been

inferred from the expansion rate of the nebula. Recently, however, the light echo of this supernova,

as well as that of Tycho’s supernova of 1572, have been detected from which the supernova type

has been determined. No supernova is known to have occurred in our Galaxy in the last 340 years.

Most of our observational knowledge comes from extragalactic supernovae, the first of which was

discovered in 1885 in the Andromeda galaxy, and which are currently discovered at a rate of several

hundred per year thanks to dedicated surveys. A Galactic supernova rate of about 1 every 30 years

has been inferred from this.

Table 13.1. Historical supernovae.

year (AD) V (peak) SN remnant SN type compact object

185 −2 RCW86 Ia? –

386 ? ?

393 −3 ? ?

1006 −9 PKS 1459-41 Ia? –

1054 −6 Crab nebula II NS (pulsar)

1181 −1 3C 58 II NS (pulsar)

1572 −4 ‘Tycho’ Ia –

1604 −3 ‘Kepler’ Ia? –

∼1667 ∼
>+6 Cas A IIb NS

181

1616.
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surprisingly, not reliably determined, with estimates ranging from 7.5 to 10.2 Mpc (reviewed by
Hendry et al. 2005). It would be desirable to establish the distance more reliably, as the mass and
luminosity estimate of the progenitor is critically reliant on this estimate. Comparison with the
stellar evolutionary models show the progenitor is likely to have had an initial mass in the range
of 8+4

−2 M⊙. The progenitor’s estimated location on an HRD is similar to RSGs in Milky Way
clusters, with the Galactic stars shown for comparison in Figure 4. The metallicity at the site of
the explosion was probably around solar.
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Figure 12
A summary diagram of possible evolutionary scenarios and end states of massive stars. These channels combine both the observational
and theoretical work discussed in this review, and the diagram is meant to illustrate the probable diversity in evolution and explosion. It
is likely that metallicity, binarity, and rotation play important roles in determining the end states. The acronyms are neutron star (NS),
black hole (BH), and pair-instability supernova (PISN). The probable rare channels of evolution are shown in red. The faint
supernovae are proposed and have not yet been detected.
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4.5. Transients of Uncertain Nature: Core Collapse or Not?
An intriguing new twist in the story of optical transients occurred in 2007 and 2008. The discovery
of two objects with similar luminosities, color temperatures, and line velocities within a few months
led to suggestions that they are physically related and that other peculiar transients could be
of the same class. Kulkarni et al. (2007) reported the discovery of an optical transient in M85
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Figure 1: Schematic representation of the evolutionary stages from stellar core collapse through the onset of
the supernova explosion to the neutrino-driven wind during the neutrino-cooling phase of the proto-neutron
star (PNS). The panels display the dynamical conditions in their upper half, with arrows representing velocity
vectors. The nuclear composition as well as the nuclear and weak processes are indicated in the lower half
of each panel. The horizontal axis gives mass information. MCh means the Chandrasekhar mass and Mhc

the mass of the subsonically collapsing, homologous inner core. The vertical axis shows corresponding radii,
with RFe, Rs, Rg, Rns, and Rν being the iron core radius, shock radius, gain radius, neutron star radius, and
neutrinosphere, respectively. The PNS has maximum densities ρ above the saturation density of nuclear matter
(ρ0).
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Supernova 1987 A

BeforeAfter

Detection of neutrino 
burst by Super-K (~12). 
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The “problem” with SN 1987A:

Explosion fainter than most

Models predicted Red Supergiants turn 
into Type II SN & Progenitor: B3 I star!

Solution: models derived using “normal” 
solar-like abundances, whereas LMC is 
“metal-poor” 

Lower-metallicity SN should have larger 
“blue loops” - will be a denser star & 
have a hotter photosphere
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FIGURE 2. The composite infrared spectrum of the

GRB 090423 afterglow.

From the following article:
A -ray burst at a redshift of z  8.2
N. R. Tanvir, D. B. Fox, A. J. Levan, E. Berger, K. Wiersema, J. P. U. Fynbo, A. Cucchiara, T. Krühler, N. Gehrels, J. S. Bloom,
J. Greiner, P. A. Evans, E. Rol, F. Olivares, J. Hjorth, P. Jakobsson, J. Farihi, R. Willingale, R. L. C. Starling, S. B. Cenko, D.
Perley, J. R. Maund, J. Duke, R. A. M. J. Wijers, A. J. Adamson, A. Allan, M. N. Bremer, D. N. Burrows, A. J. Castro-Tirado, B.
Cavanagh, A. de Ugarte Postigo, M. A. Dopita, T. A. Fatkhullin, A. S. Fruchter, R. J. Foley, J. Gorosabel, J. Kennea, T. Kerr, S.
Klose, H. A. Krimm, V. N. Komarova, S. R. Kulkarni, A. S. Moskvitin, C. G. Mundell, T. Naylor, K. Page, B. E. Penprase, M.
Perri, P. Podsiadlowski, K. Roth, R. E. Rutledge, T. Sakamoto, P. Schady, B. P. Schmidt, A. M. Soderberg, J. Sollerman, A. W.
Stephens, G. Stratta, T. N. Ukwatta, D. Watson, E. Westra, T. Wold & C. Wolf
Nature 461, 1254-1257(29 October 2009)
doi:10.1038/nature08459

SZ-band (0.98–1.1 m) and J-band (1.1–1.4 m) one- and two-dimensional spectra obtained
with the VLT using the Infrared Spectrometer And Array Camera (ISAAC). Also plotted are
the sky-subtracted photometric data points obtained using Gemini North's NIRI (red) and
the VLT's High Acuity Wide field K-band Imager and Gemini South's Gemini Multi-Object

Spectrograph (blue) (scaled to 16 h after the burst and expressed in microjanskys; 1 Jy = 10-

26 W m-2 Hz-1). The vertical error bars show the 2  (95%) confidence level, and the
horizontal lines indicate the widths of the filters. The shorter-wavelength measurements are
non-detections, and emphasize the tight constraints on any transmitted flux below the break.
The break itself, at an observed wavelength of about 1.13 m, is seen to occur close to the
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