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SNe IaSNe Ia



  
Hjorth, Sollerman, Möller, et al. 2003, Nature 423, 847

Figure 3 from Spectroscopic Evidence for SN 2010ma Associated with GRB 
101219B
Sparre, Sollerman, Fynbo, et al. 2011 ApJ 735 L24

NR Tanvir et al. Nature 461, 1254-1257 (2009)
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1929     The Expansion of the Universe   v = H * d 
 

HumasonSlipher



  

Carl Wirtz
Knut Lundmark
George Lemaitre             

http://arxiv.org/ftp/arxiv/papers/1106/1106.1195.pdf
http://hubblesite.org/pubinfo/pdf/2011/36/pdf.pdf

Lundmark 1924

Astronomiska Världsbildens utveckling

http://arxiv.org/ftp/arxiv/papers/1106/1106.1195.pdf


  

Allan Sandage   1972,
 
             q0=0.96 Kowal   1968, SNe I → Ho

Colgate 1979, SNe I → qo

q > ½ → collapse
q < ½ → expansion
q < 0 → acceleration



2011-11-23 Rahman Amanullah, Stockholm University

How to find supernovae?

Time
~1990



  Danes found SN 1988U @ z=0.31 in 2 years search



  

Blanco 4m Telescope
Cerro Tololo Inter-American

Observatory



  

SDSS



  

Riess et al. 1998,  Figure 1
Getting the spectra → SNe Ia + redshift.

ESO 
3.6m



  

Fig. 2 Riess et al. 1998

The lightcurves

With a variety of 1-4m 
class telescopes, B (35,45) 
and V (35,45) filters

Miknaitis et al. 2007; ESSENCE; CTIO



  

Riess et al.    Figure. 13.
—MLCS 
Multi LightCurve Shape Fitter



  

Riess et al. 1998 

MLCS SNe Ia Hubble diagram. 
The upper panel shows the 
Hubble diagram for the low-
redshift and high-redshift SNe Ia 
samples with distances measured 
from the MLCS method. 
Overplotted are 3  cosmologies: 
"low" and "high" ΩM with ΩΛ = 0 
and the best fit for a flat 
cosmology, ΩM = 0.24, ΩΛ = 0.76. 

The bottom panel shows the 
difference between data and 
models with ΩM = 0.20, ΩΛ = 0. 

The open symbol is SN 1997ck (z = 0.97), which 

lacks spectroscopic classification.  The 
average difference between the 
data and the ΩM = 0.20, ΩΛ = 0 
prediction is 0.25 mag.



  

Riess et a. 1998;
FIG. 6.—Joint confidence intervals for 
(ΩM, ΩΛ) from SNe Ia. 

The solid contours are results from the 
MLCS method applied to well-
observed SNe Ia light curves together 
with the snapshot method  applied to 
incomplete SNe Ia light curves. The 
dotted contours are for the same objects 
excluding the unclassified SN 1997ck (z = 0.97). 
Regions representing specific 
cosmological scenarios are illustrated. 
Contours are closed by their 
intersection with the line ΩM = 0.
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FIG. 11.—  Riess et al.

Spectral comparison (in fλ) of SN. 
The spectra of the low-redshift SNe 
Ia were resampled and convolved 
with Gaussian noise.



  

FIG. 11.—  Riess et al.

Spectral comparison (in fλ) of SN 
1998ai (z = 0.49) with low-redshift (z 
< 0.1) SNe Ia at a similar age. 
Within the narrow range of SN Ia 
spectral features, SN 1998ai is 
indistinguishable from the low-
redshift SNe Ia. The spectra from 
top to bottom are SN 1992A, SN 
1994B, SN 1995E, SN 1998ai, and 
SN 1989B ∼5 days before 
maximum light. The spectra of the 
low-redshift SNe Ia were resampled 
and convolved with Gaussian noise 
to match the quality of the spectrum 
of SN 1998ai.



  

ESSENCE maximum light 
composite SN Ia spectra for different 
Δ bins.
 The composite spectra consist of 3 (10), 14 (18), and 
15 (9) individual spectra with average Δ of 0.33, (0.43), 
0.01 (–0.05), and –0.32 (–0.28) for the underluminous, 
normal, and overluminous subsamples defined by Jha 
et al. (2006) for the ESSENCE (Lick) sample, 

respectively. All have average redshifts 
of ~0.3. The gray regions are the 1 
σ bootstrap variation. The green 
lines are the Lick composite 
comparison spectra. The purple 
lines are the total Lick composite 
spectrum.

 Foley et al. (ESSENCE)  The Astrophysical Journal 684 (2008) 68

Constraining Cosmic Evolution of Type Ia Supernovae



  

    The Astrophysical Journal 682 (2008) 724
Time Dilation in Type Ia Supernova Spectra at High Redshift
S. Blondin, T. M. Davis, K. Krisciunas, B. P. Schmidt, J. Sollerman et al. 
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 FIG. 12.— Riess et al. 1998

Comparison of the spectral 
and photometric observations 
of SN 1996E to those of Type 
Ia and Type Ic supernovae. 
The low signal-to-noise ratio 
of the spectrum of SN 1996E 
and the absence of data 
blueward of 4500 Å makes it 
difficult to distinguish 
between a Type Ia and Ic 
classification. The light and 
color curves of SN 1996E are 
also consistent with either 
supernova type. The 
spectrum was taken 6 days 
(rest frame) after the first 
photometric observation.



    Hzolek et al. 2012, BEAMS & SDSS-II, arXiv 22 november 2011 
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Mattila, Lundqvist, Sollerman, et al. 
2005, A&A, 443, 649



  
Hayden et al. 2010; SDSS-II



2011-09-30 Rahman Amanullah, Oskar Klein Centre, Stockholm University

Mattias Ergon & Joel Johansson

SN2011fe

2011-09-23

Alexis Brandeker

M101

Li et al.  Nature

Upper limits → M < 3.5Msun for companion



  

m=17.35 → 10e40 erg/s → R < 0.1 Rsun 
 (11h past explosion, +- 20 min)

m(peak) = 9.9

Nugent et al. 2011



  

K Maeda et al. Nature 466, 82-85 (2010) doi:10.1038/nature09122

Asymmetric explosions?
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Tonry et al. 2003, HZT,    compilation of 230 SNe, 
high-z turnover hint  

Residual Hubble diagram with 
respect to an empty universe. In 
this plot the highlighted points 
correspond to median values in 
eight redshift bins. 

ΩM       ΩΛ

0.3         0.7

0.0        0.0

0.3        0.0

1.0        0.0



  
Probability contours for ΩΛ vs. ΩM, shown at 1, 2, and 3 σ with w = -1. We 
also give 1, 2, and 3 σ contours when we adopt a prior of ΩMh = 0.20 ± 0.03
{Ho=72} from the 2dF survey (Percival et al. 2001). These constraints use only 
the 26 new SNe Ia at z > 0.3 (which are completely independent of any which 
have been used before for cosmological constraints).

Including
2DF

26 new 
high-z 
SNe Ia 
only



  
Probability contours for ΩΛ vs. ΩM, shown at 1, 2, and 3 σ 
with w = -1. We also give 1, 2, and 3 σ contours when we 
adopt a prior of ΩMh = 0.20 ± 0.03 from the 2dF survey 
(Percival et al. 2001). These constraints use the full sample 
of 172 SNe Ia with z > 0.01 and AV < 0.5 mag.

Full 2003
SN sample

If we assume a flat universe as well as w = -1, the SN Ia data require ΩM = 0.28 ± 0.05, independent of large-scale structure estimates. Tonry et al.



  
Krisciunas et al. 2005, 
ESSENCE

ESSENCE   2002-2007



  

Wood-Vasey et al. 2007,   first 3 years of ESSENCE data

Relative luminosity distance 
modulus vs. redshift for the 
ESSENCE, SNLS, and 
nearby SNe Ia for MLCS2k2 
with the glosz AV prior.
For comparison, the 
overplotted solid line and 
residuals are for a ΛCDM
(w, ΩM, ΩΛ) = (-1, 0.27, 0.73) 
universe. 



  

Is it the cosmological constant?

Wood-Vasey et al. 2007; ESSENCE (first 3 years...)

  The ΩM - w 1, 2, and 3 σ contours 
from the ESSENCE+nearby sample 
for MLCS2k2 with the glosz AV prior. 
The BAO constraints are from 
Eisenstein et al. (2005). 

ω = Π/ �



  

Sloan Digital Sky Survey Supernova Survey
(2005-2007)



  

  For the ΛCDM model,SALTII 
statistical-uncertainty contours in 
the ΩM-ΩΛ plane for each of the 
six SN sample combinations 
indicated on the plots. 
Long, black contours: 68%, 95%, 
and 99% confidence level regions 
for the SN data alone; green 
contours: corresponding CL 
regions for SDSS BAO 
(Eisenstein et al. 2005); blue 
contours: CL regions for WMAP-5 
CMB (Komatsu et al. 2009); 
closed, red contours: combined 
constraints from SN+BAO+CMB.

Kessler et al. 2099, SDSS
(FIRST YEARS DATA,   2 more 
years to publish)
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 J. Sollerman et al. 2009 ApJ 703 1374 
FIRST-YEAR SLOAN DIGITAL SKY SURVEY-II (SDSS-II) 
SUPERNOVA RESULTS: CONSTRAINTS ON NONSTANDARD 
COSMOLOGICAL MODELS 

 Flat dark-energy model (Fw): a flat 
universe with constant w. The constraint 
from each of the observational probes is 
shown by shaded contours. These are all 
95% confidence intervals for two 
parameters. Overlaid with black lines (95% 
and 99.9% confidence intervals) are 
contours from combining CMB/BAO-ℓA, 
CMB-R, and SN constraints. The shaded 
contour labeled SN is for the analysis using 
the MLCS light-curve fitter. In this plot we 
have also added the CMB-R  constraints, 
although these are not included in the 
model selection. The dotted supernova 
contours are using the SALT-II fits. For the 
SALT-II data set the combined contours are 
given by the dashed contours, and are 
clearly in better agreement with the 
cosmological-constant value, w = –1, shown 
by the dashed-dotted line.

MLCS
SALT-II Makes a difference!



2011-11-23 Rahman Amanullah, Stockholm University

Union2 sample: 557 SNe
Amanullah et al. (SCP), ApJ 716 712 (2010) 
ArXiv:1004.1711

Supernova Cosmology Today!



  



  

Riess et al.



  



  



  

Gamma-Ray Bursts
(The Supernova Connection...)

Vela



  

Supernova- 
connection 
from the start



  

Theories.....

• Nemiroff 1994



  

Theories.....

Several may be correct!



  



  



  GRB 980425  = SN 1998bw @ z=0.0085

The first hint ..



  
Sollerman et al. 2002 Fynbo et al. 2000

Galama et al. 1998

SN 
1998bw



  

Maximum Light Spectra



  

GRB 030329

z=0.168526



  
Hjorth, Sollerman, Moller, et al. 2003



  

SN 2003dh

Amazingly similar..



  

XRF 060218 = SN 2006aj 

 Pian et al. 2006

fainter, faster.. diversity..

Sollerman et al. 2006



  Sparre, Sollerman, Fynbo et al. 2011, ApJSparre, Sollerman, Fynbo et al. 2011, ApJ

GRB 101219B
          =
SN 2010ma

z=0.55



  

Starling, Wiersema, Levan, et al. 2011, MNRASStarling, Wiersema, Levan, et al. 2011, MNRAS

GRB 100316D  = SN 2010bh



  

Bufano, Pian, Sollerman, et al. 2012Bufano, Pian, Sollerman, et al. 2012



  

But not all GRBs have 
luminous supernova 
associated!

GRB 060614 and 060505
Fynbo et al. 2006



  



GRB  120422A 
“Another” GRB  with Associated 

S upernova

T90 Fluence Redshift E iso

5.4 s 2.3x10-7 
erg/cm2

0.283 4.45x1049 erg

S upernova  
R is ing !
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