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From JLA to Pantheon 
and Foundation 

u  Reminder: the JLA sample 
M.Betoule et al., 2014, A&A, 568, A22c, arXiv:1401.4064 

u  The Pantheon sample 
D.M.Scolnic et al., 2018, ApJ, 859, 101S, arXiv:1710.00845 

u  The Foundation sample 
D.O.Jones et al., submitted to ApJ, arXiv:1811.09286 
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The JLA sample, 2014 
High quality data for 740 SNeIa with spectroscopic redshifts  
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§  different surveys combined 
–  high z: rolling-search mode (SDSS, SNLS)  
homogeneous and well controlled sample 
–  low z: targeted mode, heterogeneous  

§  high quality light curves (multi-band, sampling…) 
§  direct cross-calibration of SNLS and SDSS (@a few 

mmag), calibration of all data wrt precise standards 
(among which BD +17 4708) 
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stat ~ syst 
main syst = calib 



§                                     light curve fitter -> mB, x1, C 
§                                         (SALT2  v2.4) 
 
§  SN distance modulus  : 

§  prediction: 5log10(dL(cosmo,z)/10pc) 
§  M,α,β,ΔM nuisance parameters 
§  ΔB(z) Malmquist bias correction  
    (from simulation) 
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SNLS-04D1dc 
 

SN light curve 

distance indicator 

SNIa diversity 
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(δstat ⊕ δsyst) 

wCDM constraints from CMB+BAO+SNIa data 

Ωm
0 =0.303±0.012

w=−1.027±0.055

w=−1.006±0.045
Planck collaboration. 2015, arXiv:1502.01589 

§  Planck 2015 update using JLA sample : 



The PANTHEON sample, 2018 
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see Foundation sample 
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§  PS1 MDS survey (2009-2014): detection and griz follow-up 
of 0.03<z<0.65 SNe Ia, Pan-STARRS1 telescope 

§  Improved astrometry, photometry, internal calibration      
=> PS1 photometric system controlled at the mmag level. 

 
§  Final : 279 SNe after cuts 
   



§  PS1 MDS combined with other SN samples: 
–  CfA1-4, CSP, SDSS, SNLS, HST  ~ JLA  
    (more at low/high z) 

    => Pantheon sample: 1048 SNe, 0.01 < z < 2.3 
 
 
§  Inter-calibration of all samples: 
-  PS1 3π survey: <1% relative calibration over 3π sr of sky 
⇒ photometry of tertiary stars from each survey 

compared: differences < 1% except for CfA (2 to 4%) 
⇒ determine calibration offsets for each survey so as to 

reduce differences in the cross-calibration between 
PS1,SDSS,SNLS 

⇒ All systems tied to HST standards, as for JLA 
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§  Hubble diagram: 
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§  Systematic uncertainties: 
 
   

§  syst ≤ stat 
§  main err: calibration (66%) 
§  low-z: large impact (selection, 

MW extinction, intrinsic scatter, 
calibration) 
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§  Selection effect (data/simulation with no cut,  2 intrinsic scatter models): 
 
   

§  main effect : low-z sample 
–  sample biased in colour 
–  uncertainty in selection function 
magnitude-limited or volume-limited ? 

   §  baseline = C11+G10/2 (mag-lim@lowz) 
§  differences vs baseline = systematics 
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(δstat ⊕ δsyst) 

Ωm
0 =0.307±0.012

w=−1.026±0.041

wCDM constraints from CMB+BAO+SNIa data 

w=−1.028±0.032
Planck collaboration. 2018, arXiv:1807.06209 

§  Planck 2018 update using Pantheon sample : 

§  CMB=Planck 2015 



The FOUNDATION sample, 2019 

13 



14 

§  Foundation SN survey : griz follow-up of low z SNe Ia from  
untargeted surveys (ASAS-SN, ATLAS, PSST), using the 
same telescope (PS1) and same precise (mmag) photometric 
system => homogeneous, less biased, well controlled sample 

§  DR1: 180 SNe after cuts 
    (ultimately: 800) 
           0.015<z<0.08 

§  Better control of  
    selection effects: 
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§  High z: PS1 MDS SNe Ia (spectroscopic and photometric 
classifications) => same telescope and photometric system 
for all data. Host spectroscopic redshifts for photo SNe Ia. 

§  correction for selection bias and CC contamination: from 
simulation + 2 different algorithms (Bayesian Estimation Applied to 
Multiple Species)  and different internal options 
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§  Check of CC contamination marginalization: real photometric 
SNe in full sample replaced by simulated photometric CCs 

For all simulations 
bias ≤ 5 mmag 

 
Correct for bias in 
baseline simulation 
 
Take biases in other 
simulations as 
systematic uncertainties 
 
systematics due to changes in 
internal CC sim parameters 
treated in a similar way 



17 

§  Hubble diagram Foundation+MDS: 1338 SNe (175 low z) 
posterior Ia 
probability 

residuals to a 
nominal flat 
ΛCDM model 
with Ωm=0.3 

Foundation - old low z 
 residual  difference 

Δµ
z≤0.1=0.046±0.027mag
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§  wCDM constraints from SNIa data alone:    

§  difference wrt previous result stems from the low-z sample 
alone and not from any bias related to CC marginalization 
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§  wCDM constraints from SNIa data alone: 
 

 

w=−0.938±0.053
σw

sys =0.043→0.039
wrt Jones+18: w shift +5% 
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§  wCDM constraints from SNIa data alone: 

§  SNe+CMB (Planck 2015)+BAO: 

   => similar precision as with JLA (0.045)  or Pantheon (0.041)  
       or DES 1YR (0.047) 

 

w=−0.949±0.043



Back-up slides 
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§  DES paper: wCDM constraints and systematics 
 

 

T.M.C Abbott et al., arXiv:1811.02374 

w=−0.977±0.047
SNe+CMB (Planck 2015)+BAO 

SNe alone 
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§  Pantheon paper: effect of each sub-sample on w constraint 
–  change in w and σw when each subsample is removed 
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§  No convincing evidence for α or β evolution 
§  No need for survey-specificf values of and σint 

   

§  PANTHEON paper: test for nuisance parameter evolution 
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§  Foundation paper : test for nuisance parameter evolution: 
–  PS BEAMS: 3σ detection of β evolution  
–  BBC: no detection  

§  Simulation : the observed evolution is not a physical effect 



§  Evolution of systematic error bugdet: 

 
§  Remaining calibration uncertainty: 

–  PS1 ZPs for both high-z and low-z samples 
–  consistent inter-calibration requires SALT2 re-training 

§  SALT2 re-training on redder rest frame λ required to use iz 
Foundation observations 
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The JLA sample, 2014 
High quality data for 740 SNeIa    

flat Universe 
ΛCDM best-fit: 
Ωm=0.30±0.03: 

accelerated 
expansion 

confirmed from 
SNe Ia alone  
(>99.9%CL) 

MORE REDSHIFT→ 
(more expansion since explosion) 
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before 
explosion 

SNLS-04D1dc 
 

SN light curve 

1.  SNe Ia 



Cosmology with type Ia SNe 
§  Light curves ⇒ apparent peak magnitude: 

§  Luminosity distance: 
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Accelerated expansion : Type Ia SNe, 1998 
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~ apparent magnitude 
= -2.5log10(L /4πdL

2) 

S.Perlmutter et al., 1999, ApJ, 517, 565  &  A.Riess et al., 1998, AJ, 116, 1009 

matter 
only  

best fit 
dark 

energy 


