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Supernova Remnant (SNR) Cas A, Chandra X-ray observatory
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SNR 1006
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SN1987A – the last of the nearest supernovae

Right panel: a blue supergiant as presupernova

4



Important numbers

What we do know about ordinary SNe and SNRs:

Kinetic energy of ejecta

∼ 1051 ergs = 1 foe = 1 Bethe

First year light ∼ 0.01 Bethe
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SN 2006gy and the nucleous of its host galaxy
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It used to be the Most Luminous SN in 2006, but not now

Now we have many SN events which are more luminous.
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Wide range of super-luminous SNe

R.Quimby et al. 2013
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Hydrogen-poor super-luminous supernovae

M.Nicholl et al. 2015

griz pseudobolometric light curves
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Another set and other units, SLSN-I

A.Papadopoulos et al. 2015

10



Hard case ASASSN-15lh: absolute u-band and other SLSNe

ASASSN-15lh was discovered by the All-Sky Automated Survey for

SuperNovae (ASAS-SN) on 2015 June 14 at a redshift of z = 0.2326. Its

light curve peaked at V ∼ 17 mag implying an absolute magnitude of

M = −23.5 mag, more than twice as luminous as any known supernova

(Dong et al. 2016).
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Host galaxy of ASASSN15lh

The yellow-orange host galaxy (left) before the supernova, and

afterwards (right) when the ASASSN-15lh supernova’s blue light

outshines its host galaxy (Credit: The Dark Energy Survey / Benjamin

Shappee of the Carnegie Institution for Science / ASAS-SN team)
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Magnetar pumping in SNe

Light curves of ASASSN-15lh and SN 2011kl compared with normal

supernovae SN 1999em and SN 1987A. (Credit: M.Bersten et al.)
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Magnetar cartoon

Artist impression of a magnetar boosting a super-luminous supernova

and gamma-ray burst. (Credit: Kavli IPMU)
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1st paper on TDE M.Rees, Nature 1988
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Problems with TDE Roth, Kasen 2016
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Problems with TDE. Roth, Kasen 2016
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Problems with TDE. Roth, Kasen 2016

18



Envelope for TDE. Roth, Kasen 2016
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Paper on TDE to appear in Nature Astronomy

and others.

arXiv:1609.02927
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Arguments in favour of TDE vs SLSN

When a star passes within the tidal radius of a supermassive black hole,

it will be torn apart. For a star with the mass of the Sun and a

non-spinning black hole with a mass < 108M⊙, the tidal radius lies

outside the black hole event horizon and the disruption results in a

luminous flare. Observations over a period of 10 months show that the

transient re-brightened significantly in the UV and that the spectrum

went through three different spectroscopic phases without ever

becoming nebular. The observations are more consistent with a tidal

disruption event (TDE) than a super-luminous supernova because of the

temperature evolution, the presence of highly ionised CNO gas at the

line of sight and the improved localisation of the transient at the nucleus

of a passive galaxy, where the presence of massive stars is highly

unlikely. While the supermassive black hole has a mass > 108M⊙, a

solar-mass star could be disrupted outside the event horizon if the black

hole were spinning rapidly. The rapid spin and high black hole mass can

explain the high luminosity of this event.
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The light curve evolution of ASASSN-15lh in the rest frame

arXiv:1609.02927
22



The evolution of the temperature, radius and luminosity of

ASASSN- 15lh, compared to TDEs and SLSNe.
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Thank you!
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