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Outline

e Introduction: hyper-luminous supernovae and
transients in the luminosity “gap”

e High luminosity supernovae:
- SN 20006jc, SN 2010al & type Ibn SNe
- SN 2010g% & hyper-luminous SNe Ic

e Sub-luminous supernovae:
- Weak, H-rich core-collapse supernovae
- The low-luminosity, 1987A-like SN 2009E
- Sub-luminous stripped-envelope supernovae

e Haint supernovae 1In or supernova impostors?

e What'’s hell is (SN) 2010jp?

e Summary
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Kulkarni & Kasliwal 2009
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SN 20006jc: the prototype
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SN 2006jc: the prototype
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Progenitors of SNe Ibn

e Type Ib/c SNe interacting with a He-

rich CSM (Foley et al. 2007; Pastorello et al.
2007,20084,2009; Smith et al. 2008; Immer et al.
2008; Tominaga et al. 2008; Anupama et al.
2009; Chugai 2009, and others)

e £ -afewx 105 erg; M- §Mo; Mni
<0.3Mq (Chugar 2009; Tominaga et al. 2008)

e WR star that expelled He-rich
material before core-collapse
o Altervative for 2000jc: a binary system | e |

(erupting LBV + WR exploding as SN)

lominaga et al. 2008




Ultra-bright stripped-envelope
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Ultra-bright stripped-envelope
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Ultra-bright stripped-envelope SNe: SN 2010g%
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Ultra-bright stripped-envelope SNe: SN 2010g%
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Ultra-bright stripped-envelope SNe: SN 2010gx
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Ultra-bright stripped-envelope SNe: SN 2010gx
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Ultra-bright stripped-envelope SNe
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Thursday, August 18, 2011



Ultra-bright stripped-envelope SNe
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Ultra-bright stripped-envelope SNe:

Looking for a plausible scenario




Ultra-bright stripped-envelope SNe:
Looking for a plausible scenario

1) Mums > 140M, with Mco = 100 Mg => Pair-Production SN?
=> large ejected 5°Ni mass is expected
Faint lightcurve tail (if any) => low 56Ni mass
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Ultra-bright stripped-envelope SNe:
Looking for a plausible scenario

1) Mns > 140M, with Mco = 100 My => Pair-Production SN?
=> large ejected 5°IN1 mass is expected

2) 90 M, < Ms < 140 M, => Pulsational pair-instability
=> SN imposter, no 5°Ni expected
No H lines & SN Ic¢ features (but see Blinnikov, Sorokina 2010)
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Ultra-bright stripped-envelope SNe:
Looking for a plausible scenario

1) Mns > 140Mo with Mco = 100 My => Pair-Production SIN?
=> large ejected 5°IN1 mass is expected

2) 90 M, < Ms < 140 M, => Pulsational pair-instability
=> SN imposter, no 5°Ni expected
No H lines & SN Ic features (but see Blinnikov, Sorokina 2010)

3) 50 Mo < MuMs < 9o M, => Core-collapse SN + BH
=> moderate amount of 5°Ni is expected
Hard to explain the luminous lightcurve peak
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Ultra-bright stripped-envelope SNe:
Looking for a plausible scenario

1) Mns > 140M, with Mco = 100 My => Pair-Production SN?
=> large ejected 5°IN1 mass is expected

2) 90 M, < Ms < 140 M, => Pulsational pair-instability
=> SN imposter, no 5°Ni expected
No H lines & SN Ic¢ features (but see Blinnikov, Sorokina 2010)

3) 50 M, < Mus < 90 M, => Core-collapse SN + BH

=> moderate amount of 5°Ni is expected
"-1.;r'l‘: L( |

4) Magnetar-powered SN (CC+BH)
Maybe, but its lightcurve is fast-evolving compared with
models (Woosley; 2010; Kasen & Bildsten 2010)

Thursday, August 18, 2011



SN Ic 2007bi: the first pair-instability SN?
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SN Ic 2007bi: the first pair-instability SN?
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Young et al. 2010, A&A, 512, 70;
Gal-Yam et al. 2009, Nature, 462, 624

(& Avishay’s talk). See Moriya et al. 20710,
for an alternative CC SN model.
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SN Ic 2007bi: the first pair-instability SN?
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Sub-luminous type 1P SNe
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Sub-luminous type 1P SNe
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Prominent Ba II lines

Fe- and O-poor nebular spectra

Turatto et al. 1998; Benetti et al. 2001; Zampieri et al.
2003;Pastorello et al. 2004, 2006, 2009
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SN 2009E - a faint clone of SN 1987A
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SN 2009E - a faint clone of SN 1987A

Pastorello et al.
(to be submitted)
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SN 2009E - a faint clone of SN 1987A

o3 1 , — e Semi-analytic Model:
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SN 2009E - a faint clone of SN 1987A
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e Semi-analytic Model:
- Ex = 1.3 foe
-Ro=6x10"2Ccm
T Mej = 26 Mo
- M(5¢Ni) = 0.039 Mo

e Hydrodynamic Model:
- Ex = 0.6 foe
-Ro=7x10" cm
1 Mej =19 M,

- M(5Ni) = 0.043 M,

Thursday, August 18, 2011



SN 2009E - a faint clone of SN 1987A
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e Semi-analytic Model:
- Ex = 1.3 foe
-Ro=6x10"2Ccm
T Mej = 26 Mo
- M(5¢Ni) = 0.039 Mo

e Hydrodynamic Model:
- Ex = 0.6 foe
-Ro=7x10" cm
1 Mej =19 M,

- M(5Ni) = 0.043 M,

PARAMETERS SIMILAR TO THOSE OF 1987A!

(see posters of Lo Kleiser and Francesco laddial)
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Sub-luminous stripped-envelope SNe
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Sub-luminous stripped-envelope SNe
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Sub-luminous stripped-envelope SNe
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Sub-luminous stripped-envelope SNe
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Sub-luminous stripped-envelope SNe
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Sub-luminous stripped-envelope SNe
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Sub-luminous stripped-envelope SNe
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Sub-luminous stripped-envelope SNe
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Sub-luminous stripped-envelope SNe
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SUB-LUMINOUS STRIPPED-ENVELOPE SNE
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SUB-LUMINOUS STRIPPED-ENVELOPE SNE

E SO Sa-Sab Sb She S Scd-Sm Im
Galaxy Type
Foley et al, 2009
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O
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SUB-LUMINOUS STRIPPED-ENVELOPE SNE

SN 2008ha (and other SE-SNe) T Tk -
e Deflagration of sub-Chandrasekhar mass WDs E W e

(e.g. Branch et al. 2004); a failed detlagration L R ‘
for SN 2008ha (Foley et al. 2009) - I

in close I
SNe) - unburned He 1n the ejecta! (Bildsten et ll I i i |
al. 2007, Shen et al. 2010) FUERE ‘.

* WD - NS/BH mergers (Metzger 2011) Foleyetdl 2009

e He shells detonation in close WD binaries (.Ia

-
) 0

e Accretion-induced collapses (Darbha et al.
2010)

e EC-SNe (Ibc-type) from ~9 M, super-AGB

stars (Pumo et al. 2010) 3
e Faint CC-SNe from > 20-25M, stars + fall- P
back (Moriya et al. 2011) Sl n

Peretz et al, 2010
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SN impostors or ultraftaint SNe?
SN 2008S, PFT1ofqgs....
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SN impostors or ultraftaint SNe?
SN 2008S, PFT1ofqgs....
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SN impostors or ultrataint SNe?
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SN impostors or ultrataint SNe?
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SN & LBV outburst zone
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Detection of the progenitors

. .




L

b) BOK K

Detection of the progenitors

Thompson et al. 20009; see also Prieto et al.
2008; 2009, 2010; Smith et al. 2009; Bond et al.
2009; Botticella et al.2009; Gogarten et al. 2009;
Berger et al. 2009, Khan et al. 2010; Bonanos et
al. 2010; Wesson et al. 2010; Ohsawa et al. 2010
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Detection of the progenitors

o

Botticella et al.2009

Thompson et al. 20009; see also Prieto et al.
2008; 2009, 2010; Smith et al. 2009; Bond et al.
2009; Botticella et al.2009; Gogarten et al. 2009;
Berger et al. 2009, Khan et al. 2010; Bonanos et
al. 2010; Wesson et al. 2010; Ohsawa et al. 2010

/ Dusty inner shell

450 AU

\%" —
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2000 AU

~ Dusty outer shell
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SN impostors or ultra-faint SNNe?

e “Luminous red novae” from low-to-
moderate mass mergers

e Eruptions triggered by mass transfer
from an extreme-AGB to a main
sequence companion

e Eruptive birth of a massive (6-8M,)
WD + planetary nebula

e Outbursts from moderate-mass LBVs
(M~10-20 Mo) or B[e] hypergiants

EC-SNe from ~9 M, super-AGB stars
(SNe IIL/IIn)

Faint CC-SNe from 10-12M, RSGs
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SN impostors or ultra-faint SNNe?

“Luminous red novae” from low-to-
moderate mass mergers

Eruptions triggered by mass transfer
from an extreme-AGB to a main
sequence companion

Eruptive birth of a massive (6-8M,)
WD + planetary nebula

Outbursts from moderate-mass LBV
(M~10-20 Mo) or B[e] hypergiants

EC-SNe from ~9 M, super-AGB stars
(SNe IIL/IIn)

Faint CC-SNe from 10-12M, RSGs

Botticella et al. 2009, see also
Thompson et al. 2009, Pumo et al. 2009:
Pastorello et al. 2007; Wanajo et al. 2009
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s6NN1 masses in weak SN

candidates

» LLLL SNe IIP: 2-8 x 103 Mo

- SN 2005c¢s: 2-4 x 1073 Mo

- SNe 1999br, 2008bk: 2 x 103 Mo
» SN 1999ga (ITL): 102 Mo
» Ultrataint SNe IIn?: < 103 Mo

- SN 2008S: 1-2 x 103 Mo

- NGC300-Ol: 8-10 x 104 Mo

- M85-O1: < §x104 Mo
» SN 2005¢cz & LL SNe Ib: 3-20x103 Mo
» SN 2008ha (Ia/c): 2-5 x 103 Mo
» SN 2002cx-like: a few x 102 Mo




SN 2010jp: supernova or
super-impostor?

Host: interacting system

NGC2207+1C2163 @ 36 Mpc

W T
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SN 2010jp: supernova or
super-impostor?

Host: interacting system
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SN 2010jp: supernova or
super-impostor?

13 12 : S
| » . | Host: interacting system

,f he? TG NGC2207+1C2163 @ 36 Mpc

g | Discovered by CHASE
R | R=17.2=>MR ~ -15.8

Classification:
type IIn SN
(Challis & Kirshner)
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SN 2010jp: supernova or
super-impostor?
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SN 2010jp: supernova or
super-impostor?

log ¥,
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SN 2010jp: supernova or
super-impostor?
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SN 2010jp: supernova or
super-impostor?

No progenitor detection in optical and NIR archive images
obtained in 1992, 2006, 2007, 2008 with limiting mags
B > 24.7, R> 23.5, I>23.1, ]>22.0, H>21.1, K>20.7
=> Mg > -8.4, Mr> -9.5, Mj> -10.8, Mx > -12.1
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super-impostor?

No progenitor detection in optical and NIR archive images
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Summary

1) Recent surveys discovered new types of stellar
explosions

2) Low- and high-luminosity tails probably exist in
the luminosity distribution of all SN types!

3) CC-SNe may span 3-4 orders of mag in 5°Ni masses
4) Unusual progenitors for weird SNe?

5) New observational constraints. Now modelling is
necessary!
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