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Table 1
Volume-limited Sample of SNe Closer Than 15 Mpc Discovered in 2000-2011

Host Galaxy  Velocity Distance  Method Type Av Host (Reference) Ay Mpae  Incl.
(kms~')  (Mpc) MW %)
NGC 3949 1020 146  Kinematic [P . 007 L. 57
NGC 7424 754 108 Kinematic I =0.06% (Silverman et al. 2009) 003 —174% 59
NGC 628 686 g.3! Mean Ic 0.04 (Takada-Hidai et al. 2002) 024 —17.7% 35
NGC 4242 10,5 Kinematic . (11 52
NGC 6946 572 Mean 4.1 (Pozzo et al. 2006) 113 —184% 3
NGC 4157 144  Kinematic . 0oor L. 90
NGC 628 ; 93! Mean 0.2 (Smartt et al. 2005) 023 —1a6" 35
NGC 4051 13.1 Kinematic . (1 a0
NGC 2997 13.1 Kinematic 3.7 M. Elias-Rosa et al. (in preparation) 036 —17.8% 32
ME2 3.3 Cepheid ~5 (Mattila et al. 2012) 053 —1547
NGC 2403 33" Cepheid 0.4 (Smartt et al. 2009) 013 —168°
NGC 6946 572 Mean 0.2 (Smartt et al. 2009} .13 —179%
ESO 209-G009 123 Kinematic . 0.86
NGC 4945 ; agt TRGRE ~0 (Pereyra el al. 2006) 0.6l
NGC 6744 88  Kinematic : 2.3 £ 0.3 (E. Kankare et al. in preparation) 0.14
NGC 3938 145  Kinematic . 0.07
M 51 100 Kinematic 0.3 (Smartt et al. 2009} 0z 9
NGC 4651 13.0  Kinematic (11 T 0

NGC 1058 93°  Cepheid . 0.09 (Hunter et al. 2009) 021 . 20
NGC 5530 : 149  Kinematic . 039 ... 67
NGC 6946 5.7? Mean Lz 31

NI-OT NGO 300 1.9%  Cepheid . 04 L. 40
2008ax NGC 4490 _ 114  Kinematic 1.5 {Chomock et al. 2011) 0.07 . 47
2008bk NGC 7793 347 Cepheid ~0 (Van Diyk et al. 2012) 007 —152 53
2008iz ME2 33 Cepheid <210 (Mattila et al. 2012) 053 ... 79
2008 ESO 302-G014 ; 9.1  Kinematic 0.19 {Prieto et al. 2012) 0.03 5. 74
2009N NGC 4487 147 Kinematic . 007 L. 46
2009dd NGC 4088 , 141  Kinematic 1 .. 0.07 71
2009hd NGC 3627 94%  Cepheid 1 3.7 (Elias-Rosa et al. 2011) 0.11 57
2009ib NGC 1559 143  Kinematic .. ol L. 60
20091s NGC 3423 147 Kinematic 1 . 0l L. 3z
2010br NGC 4051 131 Kinematic  Ibfic . (L1 S, 30
2010dn NGC 3184 766 10,0 Kinematic . 006 ... 24
201 1dh M5l 702 10,0 Kinematic  IIb <0.15 (Arcavi et al. 2011) 012 —170'" 30
201 1ja NGC 4945 ; 38t TRGE =3 (Monard et al. 2011) 059 —175" 90
201 1jm NGO 4809 979 140 Kinematic e . 0.11 a0

Notes. 'Hendry et al. 2005; *Botticella et al. 2009; *Freedman et al. 2001; *Karachentsev et al. 2007; *NGC 1058, belongs to a group of nearby galaxies of which
NGC 925 is also a member—Silbermann et al. 1996; 5Gieren et al. 2005; " Pietrzyfiski et al. 2010; ®*Horiuchi et al. 2011; *Prieto et al. 2012; "WArcavi et al. 2011;
''nonard et al. 2011; "*Mattila et al. 2012.




SNHunt248
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SNHunt248

+ HST data reported by Mauerhan et al. (2015)
+ Rapid variability episodes and smoother variations
+ griJHK SED on day -740

3 Tgg = 6700 K

3 Rgs = 5.9 x 10" cm (~ 850 Ro)

6.5 — T ————————
3 [gg=5x10* erg/s (logL/Lo ~ 6.1)
+ Appearance of a yellow hypergiant (YHG)
¢+ No near-IR excess up to 2.2 um 3 6 N
> Precursor variability in the luminosity 3
5.5 —

4.5 4 3.5



SNHunt248 colour evolution
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SNHunt248 spectral sequence

+ Narrow P Cygni lines, absorption minimum at ~1000 km/s

s Supernova impostor (Mg ~ -15.0 mag at maximum)

+ Strong Balmer lines, a forest of Fell and other metal lines

+5d

+17 d T
+22 d
+28 d

+62 d
+70 d

+77 d ‘ Iy,

DT Y e e
nlM WW |,-1‘1'“m|+fﬂt"m‘r'ﬁmm' +1§3 d
(x10) +256 d

(x10) +318 d

Flux + constant

4000 5000 6000 7000 8000 9000
Rest wavelength ()




I
—
o

p max
(0)

AN
N
Normalised F

X
N

[
©
3
b=
C
o
O
E
(]
il
=
(o}
1723
0
<

100 0  _, 2000
Epoch (days) Velocity (km s~ ')




SNHunt248 spectral sequence

Narrow P Cygni lines, absorption minimum at ~1000 km/s

s Supernova impostor (Mg ~ -15.0 mag at maximum)

Strong Balmer lines, a forest of Fell and other metal lines

s Balmer line absorption component absent in the +17 and +22 d spectra

s+ Re-appears on day +62 (phase 2014c) with an identical profile compared to
+5d (phase 2014b)

Early spectrum by Mauerhan et al. (2015) Fell
displays a similar P Cygni profile before Lo
phase 2014b at day -9 (phase 2014a).

'Ha May 25

2 The 2014a event outburst interacts
with 2 shell-like regions of CSM

Wfbfw l N{)J 4

—5000 0 5000
Velocity (km s%)
Mauerhan et al. (2015)



SNHunt248 spectral sequence

Narrow P Cygni lines, absorption minimum at ~1000 km/s

s Supernova impostor (Mg ~ -15.0 mag at maximum)

Strong Balmer lines, a forest of Fell and other metal lines

s Balmer line absorption component absent in the +17 and +22 d spectra

s+ Re-appears on day +62 (phase 2014c) with an identical profile compared to
+5d (phase 2014b)

Early spectrum by Mauerhan et al. (2015)
displays a similar P Cygni profile before
phase 2014b at day -9 (phase 2014a).

2 The 2014a event outburst interacts
with 2 shell-like regions of CSM

A possible Galactic YHG analogue:
IRAS 17163-3907 (Lagadec et al. 2011)

ESO/E. Lagadec
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SNHunt248 and SN 2009ip

Phase 2014b of SNHunt248 comparable to the '2012a' phase of SN 2009ip
without a shift in magnitude, in all bands from optical to near-IR

With a +3 mag (and -40 d) shift the '2012a' phase of SN 2009ip is comparable

to the 2014a phase of SNHunt248

AND the '2012b' phase of SN 2009ip comparable to the 2014b phase of

SNHunt248, in all bands

Absolute magnitude
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SNHunt248 and SN 2009ip

Phase 2014b of SNHunt248 comparable to the '2012a' phase of SN 2009ip
without a shift in magnitude, in all bands from optical to near-IR

With a +3 mag (and -40 d) shift the '2012a' phase of SN 2009ip is comparable
to the 2014a phase of SNHunt248

AND the '2012b' phase of SN 2009ip comparable to the 2014b phase of
SNHunt248, in all bands
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SNHunt248 and SN 2009ip

Phase 2014b of SNHunt248 comparable to the '2012a' phase of SN 2009ip
without a shift in magnitude, in all bands from optical to near-IR

With a +3 mag (and -40 d) shift the '2012a' phase of SN 2009ip is comparable

to the 2014a phase of SNHunt248

AND the '2012b' phase of SN 2009ip comparable to the 2014b phase of

SNHunt248, in all bands
Similar up to +350d in R

s But not in near-IR

Spectroscopically not similar objects

+ Rising 2014b/2014c phases of
SNHunt248 different compared
to phases '2012a' and '2012b'
of SN 2009ip

3 Most similarities with the 2009
discovery outburst

log F + constant

SN2009ip 2009-09-25
2009 outburst

SNHunt248 +5 d
2014b phase

SN2009ip 2012—-08—-25
2012q phase

SN2009ip 2012—-10-04
2012b phase

4000

5000 6000 7000
Rest wavelength (R)




SNHunt248 summary

Three distinct peaks in the light curve of SNHunt248

« Qutburst in the 2014a event
¢ Interaction with 2 CSM shells in phases 2014b and 2014c
« Now below observed historical minimum

Historical light curve data spanning over ~15 yrs

« Rapid variability and smooth evolution episodes
¢ Precursor with an appearance of a yellow hypergiant

Evolution unlike that observed in Galactic yellow hypergiants
Some similarities in the light curve evolution compared to SN 2009ip
Most likely a genuine SN impostor, not a terminal explosion

Merger event?



SN2009ip-like events
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SN2009ip-like events

[ O SN 2008ip (R)

+ Pastorello et al. 2017, MNRAS,
] accepted, arXiv:1707.00611

+ SN2005gl similar to SN2009ip?

e =N 2016bdu (r)

SN 2015bh (R/r)

+ What fraction of Type lIn are in
fact SN2009ip-like?

E ‘ +  Are SN2009ip-like transients

GG LI terminal events?
v."-‘ 3_‘? ]

oy _ » Disappearance of the LBV-like
R e e R B progenitor star of SN2005g! (Gal-

e Yam & Leonard, 2009, Nature,

458, 865)
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SN1994W and SN2009kn-like events
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Flux (10-14 erg s~! em=2 A-1)
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SN 1994W

+ Dessart et al. (2009, MNRAS,
394, 21) favours a pair of

interacting shells interpretation — o0a[ -
:f: Dﬂ:— h|| rll'- -
Em . S 0. A L ll
T SN 1994W « £ i R .
£ %1 Oct. 1994 o 04 T [‘ 1
'n 08 + I [ f
I p2l -
gl 'ﬂ'.d: E il iy ‘ |I l
? w<ool” . . . : -
o 0.2 3200 8400 3600 3800 4000 4200
L::ﬂ,ﬂ = 1.0
5 -
8 IE 0.8
N T, 0.8
g
1 F o4
E Till IE oz
-g A Cal 0.0
P |
=14 T —T - . -
L4 i LA : : 3
. {10 5 SN 1994W -
F— Mgl E 10F =
" oaE 1 Ocl. 1994 — Day 79 3
2 . Mal ? D.Ei— E(B-V) = 0.17 _;
WWTM /{\ | : ]
O- 'l L L 1 i 1 M 4 | M M M | 1 N . l L 1 i "
3500 4000 ABDO 8000 TO00 8000 2000 10000

Rest Wovelength [A] Rest Wovelength [A]



@

35 days (+3.5)

46 days (+3.0)

W "

‘\ _56_days (}2.5)

62 days (+2.0)

-2 A_1)

74 days (+1.5)

97 days (+1.0)

120 days (+1/0)

[
o°
3
=
c
o
o
S
Q
2
=
o
/2]
Q
<C

log(Flux) (erg s~' cm

130 days (+0.5)

300 400

Epoch (days) Wavelength (R)




Absolute magnitude

BV R Unf.
SN2009kn ODAO
SN1994W mAee

100
Epoch (days)

log(F)+const

ety A

rr~ 1 + T T T [ T T T T [ T T T T T T T T T ]

L Msmg%w, 18 days
wﬂnggga, 18 days

SN2005cl, 44 days

WMW%G, (2 days)

SN2009kn, 46 days

SN1994W, 57 days

T‘M SN2009kn, 56 days

SN2009kn, 62 days
b ¥

SN1999eb, 64 days

SN2005cl, 72 days
SN2009%kn, 74 days
SN1995G, (36 days)

SN1994W, 79 days
SN1994W, 89 days

SN2009kn, 97 days

SN2005cl, 98 days

SN2009kn, 120 days

I'v"v -—'-“"“v_w




SN2011ht

FEB |
J I

SN2011ht
light curve

S

1 [ T TR T NN TN NN TN NN NN TN U NN TN N S NN M

4000 5000 6000 7000
WAVELENGTH (A)




L B Hy HE SN 2011ht |
W T SN 1994W

. SN 2009kn

SN 2005¢]

—_
(82]

log F, + constant

h
fr—y
T Mdﬂﬂ
BEN K b

Apparent magnitude
o

| Spectra

- [tLick
tKeck
TMMT

4000 5000 8000 7000 8000 8000 10000
50 100 150 <00 =50 Wavelength (Angstroms)




Apparent magnitude + constant
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Late-time imaging of SN 1994W explosion site

¢+ HST imaging

+ WFPC2 (F450W, F606W,
F814W) 2001-07-04

+ ACS (F814W) 2004-05-29

+ WFC3 (F336W) 2011-01-30
+ Co-incident source:

* Mv=-8.60 mag ‘SN 19944 - WEPC2 FB06W

3 B—VandV —/colours are g

not self-consistent for a
single temperature

+ Most likely a blended cluster SN 1994W error circle .~

+ Nearby source:

+ M, =-7.83 mag LBV/Hypergiant

+ Mid-A to early-F super/hyper-
giant (log L ~ 6.2 dex) with
a temperature of 7500 —
8500 K




SN1994W and SN2009kn-like events summary

+ There is a class of SN 1994W-like events

+ Similar characteristics:
+ Narrow ~700 km/s P Cygni linesof H I, Fe ll, Ti ll, Ca Il
+ Typically a ~100 d light curve plateau
+ Distinctive tail phase
+ No surviving luminous progenitor in the late-time HST imaging of SN 1994W

s Suggests: Not collisions of non-terminal outburst shells from LBV-like stars



PS1-10adi-like events



PS1-10adi

+ Kankare et al. (2017,
Nature Astronomy)

+ Smooth evolving
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NLR SN or TDE-ISM?

a N v
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Summary

+ Large variety of objects with an uncertain terminal supernova nature
+ Not only non-terminal outbursts of luminous blue variables

+ Faint objects most relevant for supernova rates
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