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Motivation 

•  How do we do SN surveys in 
the future? 

•  SDSS + BOSS is a case study 

•  Cosmology from a 
photometrically classified 
sample of hundreds of SNe 

•  Also unbiased compare to 
spectroscopic surveys (good 
check of past results) 
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Dark Energy Survey Camera 



SDSS II Supernovae Project 
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•  Ran for 3 seasons between 
2005 and 2007 

•  Regularly scanned “Stripe 82” 

•  Database of 10,000s of 
transient objects 

•  SDSS II SN survey 504 spec Ia 

•  Cosmological analysis of the 
first year SDSS II data 

The Sloan Telescope 



SDSS II Supernovae Project 
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•  Ran for 3 seasons between 
2005 and 2007 

•  Regularly scanned “Stripe 82” 

•  Database of 10,000s of 
transient objects 

•  SDSS II SN survey 504 spec Ia 

•  Cosmological analysis of the 
first year SDSS II data 

Stripes in Sloan  

The SDSS observes the sky in 
stripes. Each of these eight long 

stripes contains millions of galaxies. 



BOSS Host Galaxy Follow up  
•  Spec z  – Anchors SNe on Hubble  

     diagram  
    – Improves classification  
      & light curve fit 

•  Large sample of Host galaxy spectra: 
investigate intrinsic scatter 

•  Plates drilled with 1000 holes 

•  3655 targets:   
 1) Probability of being a SNe>0.2 (2654)  
 2) Random sample of transients (1001) 
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BOSS Host Galaxy Follow up  
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7. Figures

16 18 20 22 24
Magnitude of Host Galaxies

0.0

0.2

0.4

0.6

0.8

1.0

1.2

P
e
rc

e
n
ta

g
e

Fig. 1.— The percentage of accurate redshifts obtained as a function of the r–band fiber magni-
tude of the supernovae host galaxies. Need to check the magnitude and whether it was
calculated from the spectrum

•  3392 galaxies with accurate 
redshifts (263 lost) 

•  2433 from main sample      
  (black) 

•  959 from random sample     
  (blue) 

•  Complete to 22 magnitude 
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Fig. 2.— Redshift distribution of the targets observed with BOSS. The black histogram is the
subset which were selected using algorithm 1 and the blue are the from algorithm 2, Section 2.



BOSS Host Galaxy Spectra 
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Fig. 3.— Spectra from BOSS, top left is a low redshift galaxy, which has a high continuum, whereas
the spectra on the top right has virtually no continuum, but several clear emission lines, and is at
a slightly higher redshift. The bottom two are higher redshift, ranging between 0.3<z<0.4.
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3. Creating a Photometric Hubble Diagram

3.1. Classifying Type Ia Supernovae

We use PSNID (S11) to photometrically re-classify all the SDSS-II SN candidates with BOSS
host galaxy redshifts. This software was used for the initial selection of the BOSS targets for
spectroscopy (see Section 2.1), but with the redshift as a free parameter, and with quite liberal
selection criteria. Briefly, PSNID uses the observed SDSS-II light-curve photometry to calculate a
reduced !2 fit to a grid of SN Ia light-curve models and core-collapse SN (CC SN) templates, and
assigns the supernova type to the best-fitting model or template. This methodology has been shown
to be successful as PSIND achieved one of the highest figure-of-merits in the recent “Supernova
Photometric Classification Challenge” of K10a.

We refer the reader to S11 for the full details of PSIND, but outline here the basic steps used to
classify our additional candidates. First, we use the final re-calibrated SDSS-II photometry, based
on the SMP technique of Holtzman et al. (2008), which improves the multi-band light curve data by
a few percent (Marriner et al., in prep). We then run PSNID using the BOSS host galaxy redshift
(zext), and redshift error ("z), as a Gaussian prior (P (z) below) on the redshift of the candidate.
The measurement error on the BOSS host redshifts are small (typically less than 100km/s).

Therefore, for each candidate, we compute the SN Ia Bayesian evidence (EIa) given by

EIa =

!
P (z)e

!!2

2 dzdAvdTmaxd!m15,Bdµ, (1)

with

P (z) =
1!
2#"z

e!(z!zext)2/2!2
z . (2)

We compute EIa by marginalizing the product of the likelihood function and the prior probabilities
over the model parameter space. Five model parameters are considered, namely redshift, V –band
host galaxy extinction Av, Tmax (time of maximum light), !m15 and distance modulus µ. As in
S11, we assume flat priors for all these model parameters, apart from the redshift which we constrain
using the BOSS host redshifts. The Milky Way extinction is modeled assuming the Cardelli et al.
(1989) law with RV = AV /E(B " V ) = 3.1, while extinction in the SNe host galaxy assumes a
total-to-selective extinction ratio of RV = 2.2 (Kessler et al. 2009a). We use Eq 3 of S11 to calculate
the non-Ia Bayesian evidences (EIbc,II), which is a summation over a variety of Type Ibc and Type
II templates as given in Table 1 of their paper. The PSNID software returns a Bayesian probability
for each of the three SN types considered herein, given by

Ptype =
Etype

EIa + EIbc + EII
, (3)

where, by definition, PIa + PIbc + PII = 1. The software also returns the minimum !2 for the best
fitting model to each of the three supernova types, both with, and without, the redshift constrained.
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•  Fits templates to the light curves to find lowest Χ2 

•  Host redshift used as a prior 

•  Calculated Bayesian probabilities of the SN being a Type   
  Ia, Type Ib/c or Type II 
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PSNID Photometric Classification 

€ 

Ptype =
Etype

EIa + EIbc + EII



Data cuts and SALT 

• Sako et al. classifier is good, but how do I 
make a cosmology sample? 

• Data cuts quality  

• Cuts on probability 

• Cuts on salt parameters (really a 3D space) 
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SALT2 Light Curve Fitting 
– 31 –

Fig. 4.— The r–band light-curves fitted using SALT2 for the SNe whose host galaxy spectra are
shown in Figure 3. The green curve is the best fit SN Ia model light-curve and the red lines are the
errors on this fit. The horizontal dot-dashed line shows the model fitted peak flux of the light-curve,
while the first vertical dotted line shows the time of the best-fit peak brightness, which is shifted
to zero time. The second vertical dotted line signifies fifteen days after peak brightness. From top
left, the Modified Julian Date (MJD) of the peak brightness are 53994.1, 54358.2, 53669.0, 53652.4.
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z=0.04592 

€ 

µ = m*B −M +αX1 −βc

€ 

m*B = −2.5log10(X0)

z=0.45046 



Simulations to Optimize  
Selection cuts 

•  Public SDSS SN Simulations 
(Kessler) created using SNANA 

•  Redshift range and observing 
conditions to replicate SDSS 
SN survey. 

•  5018 Type Ia 

•  7185 Non Ia 

•   Run all simulated SN through 
classifier and fitted light curves 
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€ 

EIa =
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NIa
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NIa
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Selection cuts: Simulations 
Probability and Χ2 

•  PIa > Pnon (inclusive) 

• Χ2 >1.2 (peak of FoM) 
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•  Light curve quality cuts:  
  -5 < 1 epoch <+5 
  +5 <1 epoch <+15 



Selection cuts: Simulations 
SALT2 Parameters 3D space 
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•  Color and X1 cut an ellipse  

a = semi-major axis  
   = 3 (X1 axis)  
b = semi-minor axis  
  = 0.25  (color axis) 

Center at (-0.2,-0.02) 
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Selection cuts: Simulations 
SALT2 Parameters Color and X1 

€ 

y 2

a2
+
(x + 0.2)2

b2
=1− 0.02



Selection cuts: Simulations 
SALT2 Parameters Color and X1 
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Selection cuts: Simulations 
Color vs magnitude cut 

•   i-band – z-band vs i-band 
>blue line shown  
(peak of FoM) 



Selection cuts: Simulations 
All cuts summary 
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Selection cut Contamination Efficiency FoM 
(W=5) 

PIa > Pnon 41.7% 99%  21.7%  

Χ2 ≥ 1.2 27.8% 91.8%  31.4%  

X1, color ellipse 8.1%  71.6%  49.6%  

i-band – z-band 
vs i-band  

3.7% 70.9%  59.8% 



Selection cuts: Simulations 
All cuts Hubble Diagram 
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After all cuts have:  

•  Purity= 96.3%  
•  Efficiency = 70%  
•   FoM(W=5)= 60% 

•  2644 Type Ia 
•  98 non Ia  



Selection cuts: Data 
Probability, Χ2, Color and X1 ellipse 
•  Light curve quality cuts:  

  -5 < 1 epoch <+5 
  +5 <1 epoch <+15 

•  P Ia > P non  

•  Χ2 >1.2 

•  Color  vs X1 ellipse 
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Selection cuts: Data 
Color vs Magnitude cut 

•  i-band –z-band vs i-band > blue line 



Selection cuts: Summary 
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Selection Cut Number SNe 
removed 

Number of 
SNe kept 

Number 
Spec Ia 

Accurate Redshift 3392 289 
Quality 1429 2515 221 
Pia>Pnon 552 1963 219 
Χ2 587 1376 213 

Color and X1 cut 614 762 187 
i-band – z-band 
vs i-band cut 

23 739 187 



Photometric Hubble Diagram 
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739 SN with host redshifts on Hubble Diagram  



Can it get better? 

• Cut on host distance 

•  Photoz 

• Other color plane cuts 
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Steps to Cosmology 

• Summary! 

• Malmquist bias - simulations can help 

• Host galaxy (We have all the spectra!) 

• Systematic errors 
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Summary 
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•  3394 reliable host galaxy redshifts 

•  Photometric classification of SNe, using host 
z as a prior.  

•  New Hubble diagram with 739 SN Ia (187 
spec Ia, and  552 New) 

•  Very important for the next generation of 
SNe surveys 
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Extra slides! 
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Quality Criteria:  
Host galaxy cut 
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Fig. 7.— The distance between the position of the SNe Ia and the position where the spectra was
taken. Over plotted in red is the 15kpc rejection radius using WMAP cosmology and H0 from
(Riess et al. 2011).
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Fig. 8.— The redshift distribution of our photometrically–classified type Ia supernova, observed
with BOSS. The blue are the subset which are also spectroscopically–confirmed SNe Ia and the
black are just the additional photometrically–classified supernovae that only have a BOSS host
redshift. Combined gives the whole BOSS sample of photometrically classified SNe Ia.

•  Distance to Host Galaxy 
cut: 
• If the separation between 
SNe and host galaxy is > 
15kpc then candidate is 
removed 
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Bias Tests: Malmquist Bias 
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Fig. 12.— Plot of the Malmquist bias which is found by taking the di!erence between the observed
(µobs) and the expected distance modulus µexp as a function of redshift, in !z bins of 0.02. The
errors are the errors on the weighted mean. The line is the linear fit to the plot and is used as the
Malmquist bias correction.
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Malmquist Bias correction •  30,000 SNe Ia SNANA simulations  

•   Model for the Malmquist bias as a 
function of redshift.  

•   10 random samples, size and z 
distribution of photometric sample 

•   Cosmological analysis with and 
without Malmquist Bias correction 

•   All samples were >> 2 σ away from 
input w without correction and <<1 
σ  when included. 

•   Checked correction not stretch or 
cosmology dependent 



Bias Tests: Malmquist bias 
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Fig. 15.— This is a plot of the di!erence between the distance modulus we calculate and true
distance modulus for the supernovae we photometrically–classified as type Ia in the simulations.
The black histograms show all the photometrically–classified type Ia supernovae and then they are
divided into the true type Ia, in blue and the non Ia contamination is shown in red.
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Fig. 16.— The left panel shows log of the signal to noise vs redshift for our final sample with the
spectroscopic type Ia in blue and the photometric type Ia in black. The right hand panel the same
for all the simulated true type Ia SNe.

– 40 –

!0.8 !0.6 !0.4 !0.2 0.0 0.2 0.4 0.6 0.80.0

0

20

40

60

0

N
um

be
r

0.1 < z < 0.2
Black = all classified as Ia
Red = non Ia
Blue = true Ia

!0.8 !0.6 !0.4 !0.2 0.0 0.2 0.4 0.6 0.80.0

0

40

80

120

N
um

be
r 0.2 < z < 0.3

!0.8 !0.6 !0.4 !0.2 0.0 0.2 0.4 0.6 0.80.0
µobs!µTrue cosmology

0

40

80

120

00

N
um

be
r 0.3 < z < 0.4

Fig. 15.— This is a plot of the di!erence between the distance modulus we calculate and true
distance modulus for the supernovae we photometrically–classified as type Ia in the simulations.
The black histograms show all the photometrically–classified type Ia supernovae and then they are
divided into the true type Ia, in blue and the non Ia contamination is shown in red.
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Fig. 16.— The left panel shows log of the signal to noise vs redshift for our final sample with the
spectroscopic type Ia in blue and the photometric type Ia in black. The right hand panel the same
for all the simulated true type Ia SNe.

•  Spec SNe Ia at a given 
redshift have systematically 
higher S/N than the photo Ias 

•  z > 0.3 we see effect of     S/
N> 5  selection cut, curtailing 
the distribution 

•  Leads to the “Malmquist bias” 

•  See same in simulations 
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Host Galaxy Correlations 

•  Have spectra for all hosts 

•  SALT2 X1 color distributions 
in Red/blue galaxies: SALT 
color same in both galaxies, 
X1 different, same relation 
at all distances from centre 
of galaxy 

•  Host masses form BOSS 
pipelines (cosmology 
corrected for the host 
galaxy mass correlation)  
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Host Galaxy Correlations 

•  Have spectra for all hosts 

•  SALT2 X1 color distributions 
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Systematic Errors 

Instrumental: 

•   Photometric 
calibration 

•   Light curve fitting 
techniques 

Heather Campbell ICG  34 

Astrophysical: 

•  Correlations with hosts 
galaxy properties 

•   SN lensing 

•   Peculiar velocities 

•   Galactic dust 

•   Possible SN evolution 



Implications for DES 
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•  Possible to use photometrically 
classified supernovae for 
cosmological analysis – Good for 
DES which can’t follow up all Sne 

•  Host galaxy z are important for 
classification and Hubble diagram  
- minimum DES needs for each 
SNe 
•  Low contamination – appears to 
create no bias on cosmology 
•  Need to model the Malmquist 
bias for magnitude limited samples 


