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Redshifts in SN Ia Cosmology
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Motivation

➢ Too many Rubin (LSST) SNe Ia for spectroscopic follow-up => non-spectroscopic 
redshift measurements (photo- ’s) crucial 

➢ (Nearly) independent redshift measurement from conventional photo- ’s 

➢ Astrometric redshifts shown to be useful for sources with distinct emission lines 
(quasars) 

➢ No additional measurements needed

z

z



Differential Chromatic Refraction (DCR)
Atmospheric refractive index: λ-dependent 

More DCR shift at higher air mass (AM),  
or amount of air along the line of sight (AM: 1.0 at zenith)

Not to 
scale



DCR shift by redshift
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Methodology

➢ SNANA simulations (ELAsTiCC) for realistic astrometric simulations (OBS) 
➢ SED (spectral energy distribution) from underlying model to calculate DCR shifts 

according to [ , AM, color ( ), stretch ( )] analytically for ugriz bands (MODEL)z c x1
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Methodology

➢ SNANA simulations (ELAsTiCC) for realistic astrometric simulations (OBS) 
➢ SED (spectral energy distribution) from underlying model to calculate DCR shifts 

according to [ , AM, color ( ), stretch ( )] analytically for ugriz bands (MODEL) 

➢ ,   

➢ Construct PDF => marginalize over ,   

➢ Two methods to get astro-  ( ):  
➢ CDF50: 50th percentile of CDF , PDFPeak: Peak of PDF 

z c x1

χ2 = ∑
(ΔOBS − ΔMODEL)2

σ2
stat + σ2

syst
P(z, x1, c) = e− χ2

2

c x1

z zDCR
±1σ ±1σ



Two methods of  estimation: CDF50 vs. PDFPeakzDCR



Selection Cuts (for cosmology quality SNe)

➢ Light-curve requirements:  &  (69% of candidates remaining) 

➢ 3 bands with S/N > 8 for Realistic SIMs (43% of candidates remaining) 

➢ LCFIT+  convergence + FITPROB > 0.01 when combining with SN photo- ’s (33 ~ 
37% of candidates remaining)

Trest < − 3 Trest > 10

z z



Performance metrics

➢ Residuals ,  

➢ (Accuracy) Outlier fraction , fraction of candidates where  (Default: ) 

➢ (Precision) MAD (Median absolute deviation) deviation

Δz ≡
zestimate − ztrue

1 + ztrue
Bias ≡ ⟨Δz⟩

ηx |Δz | > x x = 0.10

σMAD = 1.4826 × Median |Δz − Median(Δz) |



Realistic SIMs
●  mas 

● Realistic  (epoch), 
marginalized over ,    

● Degradation at high-
redshifts 

●   

● : fraction of candidates 
where 

σsyst = 5
Tobs
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Realistic SIMs (Histograms)



Combining with photo- ’sz



Host photo-  
( )

z
zHost

● From RAIL, better 
performance at high-
redshifts



Astro-  Combined 
( )

z
zDCR+Host

● Noticeably better 
performance at low-
redshifts



SN photo-  ( )z zSN

● Using LCFIT+z: Fits LC parameters +  simultaneouslyz



SN photo-  + Astro-  ( )z z zSN+DCR

● Pearson Correlation: 0.151



SN photo-  ( )z zSN



SN photo-  + Host photo-  ( )z z zSN+Host



SN photo-  + Host photo-  + Astro-  ( )z z z zSN+DCR+Host



# Events with LCFIT+z convergence

● Combining with  recovers about 600 candidates or 9%!zDCR



Outlier Fractions by True Redshift



Bias and MAD Deviation by True Redshift



Systematic Effects



Conclusion

➢ Developed methodology for SN Ia astro- ’s using DCR 
➢ Reasonable  at  < 0.6 for LSST-like simulations 
➢ Combining  with  and  substantially improves 
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Conclusion

➢ Developed methodology for SN Ia astro- ’s using DCR 
➢ Reasonable  at  < 0.6 for LSST-like simulations 
➢ Combining  with  and  substantially improves  

➢ Will implement astro- ’s into the LSST SN Ia photo-  pipeline 

➢ 1st time astro- ’s were applied to SNe Ia and constructed the full PDF for astro- ’s 
➢ Can be adapted for other sources with distinct emission lines like SNe II 

z
zDCR ztrue
zDCR zHost zSN zSN

z z

z z



Thank you very much! 
Questions?



Extra Slides



Perfect SIMs

●  & assuming we know  (epoch), ,   σstat = σsyst = 0 Tobs x1 c



Various Metrics
● low- : ,  high- : z ztrue < 0.6 z ztrue > 0.6



Redshift and AM distributions (maybe get rid of this)



●  mas, Realistic  (epoch), marginalized over , , better at low-σsyst = 5 Tobs x1 c z

Astro-  ( )z zDCR



Host photo-  ( )z zHost

● Better performance at high-z



SN photo-  ( )z zSN



SN photo-  + Host photo-  ( )z z zSN+Host



SN photo-  + Host photo-  + Astro-  ( )z z z zSN+DCR+Host



SN photo-  ( )z zSN



SN photo-  + Astro-  ( )z z zSN+DCR

● Pearson Correlation: 0.154



Outlier Fractions by True Redshift



Bias and MAD Deviation by True Redshift



Treatment of Incompatible Priors

OVL(p0, p1) = ∫ min(p0(x), p1(x))dx

➢ Only combine priors when OVL > 0.0344



Various Metrics
● low- : ,  high- : z ztrue < 0.6 z ztrue > 0.6



●  & : fraction of candidates where Δz ≡
zestimate − ztrue

1 + ztrue
ηx |Δz | > x

Astro-  ( )z zDCR



SN photo-  + Host photo-  ( )z z zSN+Host

● Using LCFIT+z,  from RAILzHost



SN photo-  + Host photo-  + Astro-  ( )z z z zSN+DCR+Host

● 8 ~ 9% more LCFIT+z converged candidates that pass selection cut



Outlier Fractions, Bias and MAD Deviation by True Redshift

●  & : fraction of candidates where Δz ≡
zestimate − ztrue

1 + ztrue
ηx |Δz | > x


