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Using SN Ia to probe Dark Energy 

 

Tracking systematic uncertainties 

 

Latest SNLS cosmological constraints 

 

What to expect next 

 



Experimental Principle 

 

                                                                                                                  

                                       dL
2 = L/4pf 

  

 
     

  

Use Supernovae as distance indicators to measure the 

Luminosity distance dL  

 dL is sensitive to the expansion rate and to the Energy 

content of the Universe 

  

  

2 observables : 
flux: f 

Redshift: z 
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Assuming the Universe is made of 2 « fluids » : Masse and X of density rX    

 

The Luminosity Distance  

« Union  

Sample »  

(2010) 
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What is dark energy ? 

Measurement ingredients:   

Å(High) redshift Type Ia Supernovae (SN Ia) 

Åadditional constraint on  WM-> increase precision  

dw (w=-1) ~ 2.5 dm 

5 

Equ. of State 
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SNe Ia are good cosmological tools 

Very Luminous events 

Ý visible at cosmological 

distances 

Show little luminosity dispersion 

But they are NOT standard candles 
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SNe Ia show Light Curve 

shape-luminosity relationships 

(similar to Cepheids P-L 

relation) 

 

They also exhibit color 

luminosity relation (brighter-

bluer)  

 

ÝAllows us to measure  

- after empirical corrections - 

distances to 5% precision 

 

Calibrating Supernovae Ia 



Cosmology with SNe Ia 

An empirical approach 

 

Resframe apparent magnitude 

at maximum 

Absolute magnitude  

at maximum 

Light curve shape 

correction 

Color correction. Accounts for  

  - extinction by dust 

  - intrinsic color variations 
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Tracking systematic uncertainties 

Why worry about systematics ?   

 

No precise theoretical understanding of SN Ia explosion mechanism 

and therefore of their physical properties 

 

Potentially subject to z dependent systematic uncertainties  

    - affecting measurements : selection effects,  PSF photometry on 

galaxy, é 

 - of astrophysical nature : dust, lensing along the line-of-sight, é 
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SDSS-II first year results (2009) : apparent 

discrepancies between methods 

w =  -0.76 ±  0.07 (stat) ±  0.11 (sys) w =  -0.96 ±  0.06 (stat) ±  0.12 (sys) 

MLCS2K2 SALT2 
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Systematic uncertainty ?     



Differences are not (always) systematic 

uncertainties 

Origins of the LC model ñdiscrepancyò now well identified 

 

(1) Model restframe UV fluxes  

Ÿ disappears with improved photometric 

calibration 

(2) Treatment of the color variability of the SNe Ia. 

Ÿ disappears when assumptions (and priors) are 

dropped (empirical approach) 
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SN Ia brightness vs Host type   

Å No detailed understanding of SN Ia progenitors 

Å Are MB, a and b ñuniversalò parameters? Any age or 

metallicity (environmental) dependence? 

Å ugrizJHK host data allows estimations of: 

ïHost star formation rate 

ï Host stellar mass content 

u 

g 

r 

i 
z J 

H 
K 
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Hubble residuals versus host mass 

SNe Ia are brighter (4ů) in massive galaxies after 

lightcurve shape and color correction 

 

 

 

 

 

 

 

 

Subtle effect ï 0.08mag ï smaller than stretch and color 

corrections 
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Effect of Host Mass Correction  

SNLS3 + BAO + WMAP7 + Flat 

BAO 

SNe 

Without  

host galaxy term 
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SNLS3 + BAO + WMAP7 + Flat 

BAO 

SNe 

With mass host 

galaxy term 
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Effect of Host Mass Correction  



Statistics and Systematics 
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Other possible systematics  
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SNLS -The SuperNova Legacy Survey 

http://www.cfht.hawaii.edu/SNLS 
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SNLS : a ñRolling Searchò survey with MegaCam 

 

 

 

 

Each lunation (~18 nights) : 

repeated observations 

 (every 3-4 night) of 

2 fields in four bands (griz)+u 

for as long as the fields stay  

visible (~6 months)  

 

=>  ~500 SN Ia identified 

(+ ~500 « photometric »)  

observed between 2003 and 2008 



¸ ~250 Supernovae at 0.3 <z < 1.1  

¸ Two independent analyses (SN photometry, 

photometric calibration, light curve fitters) 
¸ precise photometric calibration 

¸ Improved supernova LC modeling (models trained on 

the SNLS data Ÿ bluer part of the restframe spectrum 

constrained without using observer frame U) 

¸ Include host mass term 

¸ Systematics included in the cosmology fit 
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SNLS 3-yr analysis and combined constraints 



SNLS 3yr papers and data releases 

4 primary papers : 

   

   Calibration : Regnault, Conley, Guy, Sullivan et al., A&A, 2009 

   SNLS SNe : Guy, Sullivan, Conley, Regnault et al., A&A 2010 

   SN only : Conley, Guy, Sullivan, Regnault et al. ,APJS 2010  

   Combined contours : Sullivan, Guy, Conley, Regnault et al., APJ 2011 

 

+ few others : Perret et al. 2010, Sullivan et al 2010, .. 

 

Data archive : https://tspace.library.utoronto.ca/snls/ 
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Hubble diagram 
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SNLS: 242 SNe 

0.3 <z < 1 



LCDM SNLS only constraints  [stat+syst] 
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Acceleration detected 

at >99% CL including 

systematic effects 



Combined SN sample 
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Sample  z range  # SN 

____________________________ 

Low-z  0.01-0.10  123  

SDSS  0.06-0.4    93 

SNLS  0.08-1.05  242  

HST  0.7-1.4    14  

 

 



242 SNLS SNe Ia, 123 Low-z SNe Ia 

93 SDSS SNe Ia, 14 HST SNe Ia 

472 SNe Ia total 

Combined SN Hubble diagram 
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SN only constraints on w  



SN only constraints on w  
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w = -0.91       (stat)       (syst)  
+0.15             +0.07 

-0.21             -0.14 



Which systematics are the most important 

(SN only) ? 
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SNLS (stat. only) +WMAP7+BAO/DR7+H0  
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SNLS+WMAP7+BAO/DR7+H0 

Consistent with cosmological constant 

Error in w: <5% (stat) w/ flatness, ~7% w/ systematics 

Error is <9% (total) when ɋk=0 relaxed 

In terms of w, adding BAO/DR7 reduces w error from 11% to 9% 

w= - 1.061±0.069

W M = 0.269±0.015

w= - 1.069±0.091

W M = 0.271±0.015

W k = - 0.002±0.006

   

w = - 1.018± 0.111

Flat: 

Non-Flat: 

Minus BAO: 

w= - 1.412±0.333

W M = 0.259±0.030

W k = - 0.009±0.008

Minus SNe: 
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What to expect next  
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Joint SDSS-SNLS analysis 

SNLS data sample 

ï 5 yr = 450 SNe Ia + ~400 ñphotometricò Ia  

  for which we are acquiring host spectra (VLT, .. AAT) 

 

But systematics currently about equal to statistical uncertainty 

 => need to improve (photometric calibration) 

 

Ongoing joint SDSS-SNLS analysis  

ïCross-calibrate (expected gain : ~2 in calib uncertainty) 

ïJoint LC training  

 

 

 



SNLS-SDSS cross-calibration 
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SNLS-SDSS cross-calibration 
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Combined precision of 

better or = 0.5% in 

the 4 bands 

 

 

 

Overall uncertainty now dominated 

by the uncertainty in the flux 

reference  

 

 


