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SN‐only Hubble Fit Chi‐Squared 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SN‐only Hubble Fit Chi‐Squared  

Exercise             :  for σμ   = 0.01, 0.02 and 0.03,  
evaluate reduced χ2  on a grid of w (‐2.4 to ‐0.4) vs. ΩM (0 to 0.6). 
map  contours containing 67%, 90% and 99% of the probability. 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SN‐only Contours 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SN‐only Contours 

Affectionately 
referred to as 
“banana contours.” 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Full Hubble fit‐χ2 with 
Measured Distances 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Statistical  
error from 
 LCFIT 

Intrinsic 
scatter  
so that 
χ2/Ndof =1  

Contribution from  
redshift and  peculiar‐ 
velocity uncertainties. 

Measured 
distances 

Model 
distances 



H0 Marginalization 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Exercise 
Work through Appendix A.1 of  
Goliath et al., A&A 380, 6 (2001)  
and demonstrate the analytic marginalization 
over H0 results in 

where Δi = 

Δχ2H0  = 

i 
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Priors from BAO & CMB 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Note: more recent priors from  
          BAO‐DR7 and WMAP7 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break 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Exercise 
Compute dμ/dσz for an empty flat universe 
(ΩM = ΩΛ = 0,  Ωk=1) and show that 

Compare to exact calculation (ΩM=0.3, ΩΛ=0.7, w=−1) 
from z=0.01 to 1. 

If we want σμz < the  intrinsic dispersion (σint), 
show that  we need  a redshift cut  z > 2.2 σz/σint . 
Plug in typical numbers, noting that σz includes 
a peculiar velocity uncertainty. 

Redshift Uncertainty 

9 



Redshift Uncertainty 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Intrinsic Dispersion 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Hubble scatter residuals 
(RK, paper in prep) 

•  Data 

− simulation  
    without 
    intrinsic  
    scatter 

Observed Hubble scatter is much larger  
than expected from measured uncertainties. 



Intrinsic Dispersion 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Hubble scatter residuals 
(RK, paper in prep) 

•  Data 

− simulation  
    without 
    intrinsic  
    scatter 

Observed Hubble scatter is much larger  
than expected from measured uncertainties. 

Different cuts on color and incorrect error  
propagation lead to  different estimates  
of σint  :  0.07  to  0.18 ! 

σint often assumed to be constant, but it’s not ! 
It  depends on rest‐frame wavelength   
(see error model in Guy 2010, and discussion 
in Marriner et al, 2011). 

σint  might also depend on epoch, stretch, color,  
redshift … 

Incorrect σint  model can bias Hubble fit. 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Exercise 
Using the distance moduli from the HiZ team  
(Riess et al, 1998) listed in the next slide,  
carry out a χ2 analysis to determine ΩM and ΩΛ. 

Ignore BAO and CMB priors, and fix H0. 

Use peculiar velocity error of 200 km/s for 
nearby sample; high redshift σz = 0.005.  



MLCS Fits:  Riess et al., AJ 116, 1009 (1998) 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