Robert Quimby

r



Absolute Magnitude Distributions of Supernovae
Data from LOSS (Li et al. 201 1)
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SLSN Spectra
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Hundreds of times brighter than SNla in the UV!
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pseudo Absolute Magnitude

SLSN Light Curves

unfiltered ROTSE-IlIb (optical) magnitudes
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What are SLSNe Physically?

Three possibilities under consideration:
|) Pair Instability supernovae!

2) Supernovae powered by ejecta/wind
interaction?

3) Supernovae powered by a compact
remnant?

-- Robert Quimby (Kavli IPMU) -- N 5
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Are SLSNe: |) Pair-Instability SNe?
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SN 2007bi: A Slowly Fading SLSN-I
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o Optical light curve decay rate consistent with ~7 Mg of ®Ni
e Iron abundance in nebular spectra also consistent with ~4-7 Mg of °°Ni

See however Dessart et al. 2012
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Some SLSN Fade Fast
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Are SLSNe: 2) Powered by Interactions!?

Narrow emission lines indicate
ejecta/wind interaction

3000 40l00 lsz(i(s)?waveleng;h?g(; | 70100 | 8000
Ejecta run into surrounding
material (progenitor wind,
shells, etc.) and convert

kinetic energy into luminosity
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Bolometric Luminosity [erg/s]
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Are SLSNe: 3) Powered by Magnetars!
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SLSN-I Host Galaxies

¢ Prefer less luminous hosts that CCSN
* May be similar to LGRB hosts

1.0
. 0.8 |
o) -
© i
E I
8 0'6__ _|
ks I
g i
T 041 _
8 i
g | SLSN hosts |
< 0.2 PS1/MDS only ------ _

, LGRB hosts .

- CCSN hosts

00— . Lunnan et al. 2014
-16 -18 -20 -22
M, (mag)

-- Robert Quimby (Kavli IPMU) - . 12



Discovery of PS1-10afx

(Pan-STARRS| Team)

Sky Position

First Detected: E : - 99-11-
xplosion RA = 22:11:24.162
August 31,2010 (shoE exposure) Dec. = +00:09:43.49
(Aquarius)
Before Explosion .
(long exposure) Difference
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Peak Brightness:
~22 mag (i-band)
~24 mag (r-band)
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Unusually red color!
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Observed Wavelength (A)
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PS1-10afx Has Spectra Similar
to Type la Supernovae
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Flux (normalized f,)

Flux (normalized f,)

PS1-10afx Spectra: good match to SNiIa,
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Compared to SNla Templates
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PSI-10afx is a Type la Supernova
Magnified by a Gravitational Lens

Supernova B

—Gravitational Lens

NI lIAB/1oqns | Y

First strongly lensed Type la supernova!
- Robert Quimby (Kavli IPMU) - s




So Where is the Lens!?

-- Robert Quimby (Kavli IPMU) - . 19



New Spectra Show...Two Galaxies!

10-17: .........................
data A
host + len |
host ﬂ ' -
- lens ' || |
<t I | | _
EE . | | " Ao IR g q
'Tm 10-18 “ il ' ) " 't‘ I.‘.l' ' I,.“‘,.-"I', l , "lyv"l WA 1@ i\
o VAN AT L b
CON 1 s 0 i
i
(18 - A
u | | | ‘
10-19 . . 1 . . . i ; . i . 1 N I PR ,
7500 8000 8500 9000 9500
Observed wavelength (A)
Lens Mgll
N * Host Oll (and Mgll) at z=1.39
) e Lens Oll (and Mgll) at z=1.12

Y

. 1. | I
5900 5920 5940

-- Robert Quimby (Kavli IPMU) -- N 20



Smaller Image Separations are
Easier to Find
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How to ldentify Lensed SN
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Direct Ho Measurement with Lensed SNela

* Each lensed image traverses a different path
* Path length differences lead to time delays
* Delays are inversely proportional to Ho

Oguri & Marshall 2010

SN (Ia) SN (ce)
Nnon-lcns Nlcns

2.88 x 10® 83.9 (30 per cent)

A
4

e Use color selection to find more lensed SNIa
* Use HST or AO to confirm and follow-up
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