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Overview

@ Introduction: traditional supernova classification
scheme

@ Transients in the luminosity gap novae-supernovae:
- Faint, H-rich core-collapse supernovae
- Faint supernovae IIn or supernova impostors?
- Sub-luminous stripped-envelope supernovae

@ Hyper-luminous supernovae:
- Super-Chandrasekhar mass supernovae Ia
- Ejecta-CSM interacting supernovae (IIn & Ibn)
- Hyperluminous SN Ic & Quimby's family: a link to
pair-instability events?

@ Summary



Traditional SN classification
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Traditional SN classification
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Traditional SN classification
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Traditional SN classification

Pastorello et al. (in prep.)
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Traditional SN classification

SMNe/HMe Ic near maximum
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Traditional SN classification

SMNe/HMe Ic near maximum

SN 1998bw, 11 May, t=16 days
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Broad lined type Ib/c SNe / Hypernovae => connection with GRBs




Traditional SN classification

SMNe/HMe Ic near maximum
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Traditional SN classification

thermonuclear core collapse
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Traditional SN classification

thermonuclear core collapse

gjecta—C5M
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Turatto 2003 hypernovae
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New SN Types

® Targets of traditional SN searches were
luminous galaxies or nearby galaxy clusters.

® Searches focused on detection of type Ia
SNe, mild interest toward other SN types

@ Modern surveys are ultra-deep, focused on
"empty” fields (e.g. looking for transients in
faint, metal-poor galaxies) or "all-sky":
ROTSE, Catalina Sky Survey (CSS), Palomar

Transient Factory (PTF), SkyMapper,
PanSTARRS => discovery of new SN types!



Faint SNe or SN impostors?




Faint SNe or SN impostors?

@ CC-SNe: M<-14

@ Luminous Novae: M>-10

® SN2001dc

SN1999eu
@

© M85 OT

M31 RV

. V838 Mon




Faint SNe or SN impostors?

@ CC-SNe: M<-14

@ Luminous Novae: M>-10

® SN2001dc

@ Grey zone: -10>M>-14

& M850T =

Ultra-faint supernovae

Novae * .-'.. T
~ Eddington Limit ‘ Luminous Red Novae
LBV outbursts

Other exotic eruptions




Faint SNe or SN impostors?

@ CC-SNe: M«-14

@ Luminous Novae: M>-10
@ Grey zone: -10>M>-14

Ultra-faint supernovae




Ultra-faint Supernovae




Sub-luminous type IIP SNe
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Sub-luminous type IIP SNe
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Sub-luminous type IIP SNe

@ Faint plateau (mag > -16)

SN 2002gd
# SN 2004eg

f e @ Long-duration plateau (100-120d)

SN 2001
® SN 2005cs
@ SN 20060v
SN 1999eu
© SN 1999br

® Steep post-plateau mag decline
@ Red colours

@ Faint LC radioactive tail (°°Ni mass <<
10-2 Mo)

@ Narrow spectral lines (v,,=700-1200 km
)

® Prominent Ba II lines

@ Fe- and O-poor nebular spectra
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The progenitors:
the case of SN 2005cs
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The progenitors:
the case of SN 2005cs
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- 17.3+x1.0 Mo

- 10-15Mo
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® Red colour

M85-20060T 2l iesinnnst ta 1
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@ Featureless spectrum (only weak,
narrow lines of H, Call, KI, Fell)

@ Analogies with V838 Mon, M3l
RV, V4332 Sgr ("Luminous Red
Novae”)

@ Old stellar population
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@ Low mass progenitor

Exotic outburst from a
low-mass (<2Mo) star
(stellar merger?)
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M85-20060T

Modest peak luminosity (M;™ -13)
¥ THERNREE]  Red colour

'l Featureless spectrum (only weak,
o+ s narrow lines of H, Call, KI, Fell)
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=> An ultra-faint CC-SN




SN impostors or ultrafaint SNe?
NGC300-20080T & SN 2008S
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SN impostors or ultrafaint SNe?
NGC300-20080T & SN 2008S
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SN impostors or ultrafaint SNe?
NGC300-20080T & SN 2008S
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Dusty, massive progeniftors




Dusty, massive progeniftors




Dusty, massive progeniftors

Dusty inner shell

450 AU

-




A new family
of transients!

NGC6946—-SN2008sS

NGC300—-20080T1

M85—20060T1(x10)

6000 7000
wavelength (&) [Ca 1I] 7291-7324(R)




A new family
of transients!

Narrow, emission-line spectra (IIn)
Fainll- dnd SIOW—eVOIVing LCS 6000 7000
wavelength (&) [Ca 11] 7291-7324(R)

Dust-enshrounded 8-20Mo ' SN/LBV zone

® 1997bs
1999br

progenitors

A
X
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2008S
3 NGC300-0T1
* M850T2006-1

=> Same class of transients!

Absolute magnitude
3
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SN impostors or ultra-faint SNe?

SN1999bw, M85-OT, SN2008S,
NGC300-OT, PTF10fgs:

L.uminous red novae from low-mass
mergers

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

eruptive birth of a massive (6-8Mo)
WD + planetary nebula

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

e EC-SNe from ~9 Mo super-AGB
stars (SNe IIL/IIn)

e Faint CC-SNe from 10-12Mo RSGs



SN impostors or ultra-faint SNe?

SN1999bw, M85-OT, SN2008S,
NGC300-OT, PTF10fgs:

L.uminous red novae from low-mass
mergers

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

eruptive birth of a massive (6-8Mo)
WD + planetary nebula

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

e EC-SNe from ~9 Mo super-AGB
stars (SNe IIL/IIn)

100
e Faint CC-SNe from 10-12Mo RSGs "W‘ form explosion




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 (Ia/Ic) SNe
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Sub-luminous stripped-
envelope (Ia/Ic) SNe

Relative f,

4000 5000 6000 7000 8000 9000
Rest Wavelength (A) ;
but see Ryan s Talk




Table 9

Sub-luminous stripped-
envelope (Ia/Ic) SNe s

1991bj 1.2.3 IC 344 Sb
2002¢x 456 CGCG 044-035 Sb
2003gq 7.8 NGC 7407 She
2004gw 1.9.10 PGC 16812 She
2005P 6 NGC 5468 Scd
2005¢cc 1 NGC 5383 Sb
2005hk 12.13.14 UGC 272 Sd
2006hn 1.15 NGC 6154

2007J 16,17 UGC 1778 Sd
2007qd 8 SDSS 1020932.74-005959.6 Sc
2008A NGC 634

2008a¢ IC 577 Sc
2008ge NGC 1527 S0
2008ha ); UGC 12682 Irr
2009] ,. IC 2160 Sbe

91bj
02cx

< NI AN A A

lIlll

0.0

References. (1) This paper; (2) Pollas et al. 1992; (3) Stanishev et al. 2007;
(4) Li et al. 2003: (5) Branch et al. 2004; (6) Jha et al. 2006: (7) Filippenko
et al. 2003b: (8) Filippenko & Chornock 2003: (9) Foley & Filippenko 2005:
(10) Filippenko & Foley 2005: (11) Antilogus et al. 2005; (12) Chornock et al.
2006 (13) Phillips et al. 2007; (14) Sahu et al. 2008: (15) Foley et al. 2006: (16)
Filippenko et al. 2007a; (17) Filippenko et al. 2007b: (18) Goobar et al. 2007;
(19) Blondin & Berlind 2008; (20) Blondin & Calkins 2008; (21) Stritzinger
et al. 2008; (22) Foley 2008; (23) Valenti et al. (2009); (24) Stritzinger 2009.

* Shows He1 emission lines at late times and may not be a true member of
the class. It has been removed from the sample when discussing host-galaxy
properties.
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Sub-luminous stripped-envelope
(Ib-IIb) SNe
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Sub-luminous stripped-envelope
(Ib-IIb) SNe
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Sub-luminous stripped-envelope
(Ib-IIb) SNe
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Sub-luminous stripped-envelope
(Ib-IIb) SNe
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Underluminous stripped-envelope SNe

SN 2008ha (and other SE-SNe)

Deflagrations of sub-Chandrasekhar
mass WDs

He shells detonation in close WD
binaries (.Ia SNe - unburned He 1n the
ejectal)

e EC-SNe from ~9 Mo super-AGB
stars (SNe I b/c)

e Faint CC-SNe from > 20-25Mo stars
+ fall-back with BH formation




Underluminous stripped-envelope SNe
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>Ni masses in faint SNe

LL SNe IIP: 2-8 x 103 Mo

- SN 2005cs: 2-4 x 103 Mo

- SN 1999br: 2 x 103 Mo

SN 1999ga (IIL): 102 Mo
Ultrafaint SNe IIL/n?: < 1073 Mo
- SN 2008S: 1-2 x 103 Mo

- NGC300-0OT: 8-10 x 10-* Mo

- M85-0OT: <5 x 10* Mo

SN 2005cz (IIb): 5-20 x 103 Mo
LL SNe Ib: 3-10x103 Mo

SN 2008ha (Ia/c): 2-5 x 103 Mo
2002cx-like: a few x 102 Mo



Ultra-luminous Supernovae




Super-Chandrasekhar Mass Type Ia SNe?
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Super-Chandrasekhar Mass Type Ia SNe?

‘ 2007if
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Super-Chandrasekhar Mass Type Ia SNe?
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SN 2006gy and bright IIn events
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SN 2006gy and bright IIn events

e d 153/154 :
1\ A 177/178

OGN iy -,-.,-J‘M'.‘. -~ " . W
“d209
d 237

A
- U\ f
AN \/‘( L AP




40

30

20

10

d 65
d 71

d 92

IlllllllllllllIII!IIIIIIIIIIII

: d
ffl: | d 96

N M\"
» d 153/154/158

\‘ P 2 q
P’ AN o> % ; | \___/ d 177/17
I f
- \all'l A Y ”~ e - “"‘“"dﬂéOQ A7
y X A e et
»:L*@M‘ML"W A A d 237
m- L iz Fovoed e g | ST I M AT (e St VAR - Tl T KN S GO S N PO L I, M | YT R Al SRS P 1 PRl Ll 1

6000 7000
Rest Wavelength (Angstroms

Absolute Magnitude

-20

I
oo

I
@)

|
&

-12

T & =T kT | T
SN 2006gy (Smith+) O
) SN 2006gy (Agnoletto+) = 7
o SN 2006gy (This paper) €
2 Yok N
e jLL . (/(.
b
11%\\\ l \\\\//(///
: 1\\ \\\//;7/)
SN Ila 2002i¢” (bol- _ é 3t s
\%\ ~ ‘//0/
B2 ’ e . .
g " \/. A
M =l ® S~ Sy, )
27 SN Ic 1998bw (R) e
2 i ®
SN In 1999¢l (R) ¢
- L X
VRN | SN | S |- 1
0 100 200 300 400 500 600

Rest frame days since explosion

25



SN 2006jc and type Ibn SNe
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SN 2006jc and type Ibn SNe
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N 2006jc and type Ibn SNe
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SN Ic 2007bi: the first pair-instability SN?
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SN Ic 2007bi: the first pair-instability SN?
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SN Ic 2007bi: the first pair-instability SN?
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An enigmatic family of
transients: 2005ap &
SCP 06F6 (et similia)

Galactic explosions vs.
extra-galactic fransients

(high-z, M=-22/-23, like
pulsational pair-instability
outbursts, SN ejecta-CSM
interaction or PISNe...)




An enigmatic family of ftransients:
2005ap & SCP 06F6 (et similia)
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An enigmatic family of ftransients:
2005ap & SCP 06F6 (et similia)
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An enigmatic family of ftransients:
2005ap & SCP 06F6 (et similia)

Pulsational
pair-instability?

Scaled flux

0.1

4 000 §
Rest wavelength (A)

0 20 40 60 80 100 120
Rest frame phase (days)

29



Summary

1) Discovery of new types of stellar explosions

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

3) CCSNe (and probaly even type Ias) span 3-4
orders of mag in >°Ni masses

=> These discoveries are revolutionizing our knowledge on
how massive stars end their lives




