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557 SNe
R.A. et al. (SCP) 2010, arXiv:1004.1711
http://supernova.lbl.gov/Union 

Union2 New high-z HST data!

● Going back to the original 
photometry

● Same treatment of all data 
sets (cuts etc.)

● Consistent systematics 
analysis
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Tension between datasets?
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Systematics impact on w for the 
Union2 sample
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Correlated systematics for Union2
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Cosmological constraints from 
Union2

Assuming a time-
independent w and a 
flat Universe.

R.A. et al. (SCP), 2010

w=- 0 .977−0.054 −0 .082 
0.050 0.077 

time-dependent w...
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The challenge of SN Ia cosmology

A 5% change in w corresponds 
to a 1% change in distances out 
to z=1!

1) Improve SNe Ia as 
standard candles

2) Extend observations 
to higher redshifts
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Supernova Ia cosmology HOWTO

Fitted peak brightness 
can be color and light-
curve shape corrected 
to form a  standard 
candle that can be used 
for measuring relative 
cosmological distances.

Discovery!
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The MLCS2k2 vs SALT2 discrepancy

MLCS2k2 SALT2

This deviation originates almost exclusively from the 
difference between the two fitters in the rest-frame 
U-band region, and the color prior used in 
MLCS2k2.

Kessler et al. (2009)
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Why we used SALT2 for Union2

● SALT2 and SiFTO (not yet public) performs 
better than than SALT and MLCS2k2 when 
judged by Hubble residual scatter (Conley et al. 
2008)

● SALT2 and SiFTO produce consistent 
cosmological results when both are trained on 
the same data (Conley et al. 2008)

● MLCS2k2 is less accurate at predicting the rest-
frame U -band using data from filters at longer 
wavelengths (Kessler et al. 2009)

● Our own MC study of agreement between fitted 
SALT2 parameters from a mock sample
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Evolution?

200 SN candidate SN spectra with NTT/NOT 
telescopes for the SDSS-II SN survey

Östman et al. (2011)

NOT

NTT

Courtesy of Jakob Nordin
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Evolution of spectroscopic features

● We do know that some demographic evolution 
takes place. 

● If this is accounted for SNe at cosmological 
distances are indeed very similar to local!

Nordin et al. (2011)
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SN properties vs host properties

Nordin et al. (2011)
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The SN Ia host environment

Sullivan et al. (2006)

Red vs blue galaxies
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Host evolution

But now we are correcting for 
this (Conley et al., 2011 and 
Suzuki et al., 2011 submitted)

SN brightness depends on the host 
galaxy mass!
Kelly et al. (2010), Sullivan et al. 
(2010), Lampeitl et al. (2010)

Higher host mass – brighter SN

The low-z sample has a are hosted 
by more massive galaxies than the 
high-z data

Sullivan et al. (2010)
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The origin of SN Ia reddening?

Extinction?
Intrinsic

variations?

Probably not due to Milky Way-like dust!

SN 1994D
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Circumstellar Dust

SN

Circumstellar
Dust

Folatelli et al. (2010)Could CS dust explain SN 
colours (Wang, 2005; 
Goobar, 2008)?
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Time delay of photons

z

SN

Implications on SN Ia observables beyond the reddening law!

R.A. & Goobar (2011) arXiv:1103.1960
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Time delay distribution
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Convolving the Hsiao template
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Folatelli et al. (2010)
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Implications on lightcurve shape
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Re-emission of absorbed light

We have Apex and Herschel time to 
study reddened SNe Ia in sub-mm to 
search for re-emission.

APEX Herschel
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SN2010el

Johansson et al. in prep.

SN

APEX/SABOCAPreliminary!
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CS dust and observables

● Striking differences in the UV for multiple scattering
● Lightcurve shape

– CS gives Δm
15

 perturbations up to 1 mag

– Falltime will be affected more than risetime

– Lightcurve tail depends on CS shell radius

● Time of maximum between filters
● Color

– No trivial relation between (B-V)
0
 and Δm

15

– Time dependent color excess (decreases with time)

● Blending of spectral features
– Features become shallower from CS interaction

● Re-emission in sub-mm?  (Apex/Herschel)
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Different sources of reddening

Courtesy of Jakob Nordin
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Reddening vs ejecta velocity?

Wang et al. (2009)
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Type Ia SNe in the NIR

● SNe Ia do not require LC-shape 
correction

● Less affected by extinction
● Better standard candles
● But... low flux, and much more 

difficult to observe

Krisciunas et al. (2004)
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Building up the NIR Hubble 
diagram

Very preliminary!

Stanishev et al. in prep
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Searching for Type Ia SNe in 
distant galaxy clusters
● Rich clusters  more SN Ia discoveries within a small →

FoV.
● But also other advantages:

– Only SNe of type Ia occur in cluster ellipticals.
– Cluster ellipticals generally have relatively little dust. 

● Collaboration lead by the Supernova Cosmology Project
– Rolling search, 219 HST orbits with ACS i and z bands and 

NICMOS J
– Targeting 25 clusters at 0.9 < z < 1.5
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SN survey of the cluster project

Dawson et al. (2009)
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SN Ia rate in high-z clusters

Measuring the delay time distribution is 
an effective method for constraining 
the progenitor scenario

Single degenerate Double degenerate

Barbary et al. (2011)
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New exotic objects

Barbary et al. (2009)
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Suzuki et al. (2011) submitted
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Search for faint high-z supernovae in the near-IR 
magnified by massive clusters

Stanishev et al., 2009, A&A, 507, 61

Goobar et al., 2009, A&A, 507, 71

   

Using massive galaxy clusters as 
natural telescopes
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Monthly near-IR VLT + NOT search

ISAAC 2.5' FoV

HAWK-I 7.5' FoV
ALFOSC
6.4' FoV

Period (Instrument) A1689 A1835 AC114

Apr 2007 – Sep 2007 (ISAAC) 3 6 4

Mar 2008 – Sep 2008 (HAWK-
I)

3

Oct 2008 – Sep 2009 (HAWK-I) 7

Apr 2009 – Present (NOT) 14

Instrument failure!

Unfortunately, irregular cadence in practice!

1 pointing ≈ 2h

Goobar et al. (2009)

Special thanks to 
Håkon Dahle's group!
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LENSTOOL (Jullo et al 2007); Limousin et al 2007LENSTOOL (Jullo et al 2007); Limousin et al 2007

How much deeper?

SN Ia
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Source plane area for A1689

Less area covered at high redshift!

Gravity gives – gravity takes!

ISAAC FoV

Core-collapse SNe are fainter
Than Ia:s but more frequent!

z = 0.0

z = 0.25

z = 0.5

z = 2.0
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SN Ia candidate at z ~ 1.703

Type IIn
(z=0.671 from host)

Δm
lens

 = 1.54 mag

Z = 1.703 (XSHOOTER)
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Excessive UV flux
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Finding SNe in the foreground

2010-05-20

2011-01-02

NOT/ALFOSC

NOT/ALFOSC

Jönsson et al. in prep.

SN 2010lw
z = 0.189
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The Refsdal method (1966)

Primarily the Hubble constant, 
but also DE!

Measure!
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Conclusions

● Our knowledge of SNe Ia have increased dramatically 
the last few years

● Galaxy clusters are excellent for extending the depth 
of transient surveys and for  boosting the discovery 
rate of type Ia SNe 
– Our VLT survey have been successful in discovering 

magnified transients behind massive galaxy clusters
– We discovered 16 type Ia SNe at z > 0.9 in our HST 

cluster survey, of which 6 were found in cluster ellipticals.

● Both these techniques are promising for future 
surveys!
– Searching for SNe behind galaxy clusters could result in 

multiply lensed events – H
0
 through the Refsdal-method!
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