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My BIG questions

Where is Waldo? 
(where are my SNIa?)
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? Doing cosmology with SNIa using photometric redshift: 
Hubble diagram->Measuring the expansion of the universe->Equation of state of Dark Energy 

My BIG questions

Where is Waldo? 
(where are my SNIa?)

?Good coordinate resolution 

time

D4 19 475   SNIa   zspe=0.37
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? Efficiently identifying SNIa only from 
photometry 

? Efficiency  
- detecting transient events 
- detecting SNIa

M. Betoule et al.: Joint cosmological analysis of the SNLS and SDSS SNe Ia.

sample �coh
low-z 0.12
SDSS-II 0.11
SNLS 0.08
HST 0.11

Table 9. Values of �coh used in the cosmological fits. Those val-
ues correspond to the weighted mean per survey of the values
shown in Figure 7, except for HST sample for which we use the
average value of all samples. They do not depend on a specific
choice of cosmological model (see the discussion in §5.5).
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Fig. 7. Values of �coh determined for seven subsamples of the
Hubble residuals: low-z z < 0.03 and z > 0.03 (blue), SDSS
z < 0.2 and z > 0.2 (green), SNLS z < 0.5 and z > 0.5 (orange),
and HST (red).

may a↵ect our results including survey-dependent errors in es-
timating the measurement uncertainty, survey dependent errors
in calibration, and a redshift dependent tension in the SALT2
model which might arise because di↵erent redshifts sample dif-
ferent wavelength ranges of the model. In addition, the fit value
of �coh in the first redshift bin depends on the assumed value
of the peculiar velocity dispersion (here 150km · s�1) which is
somewhat uncertain.

We follow the approach of C11 which is to use one value of
�coh per survey. We consider the weighted mean per survey of
the values shown in Figure 7. Those values are listed in Table 9
and are consistent with previous analysis based on the SALT2
method (Conley et al. 2011; Campbell et al. 2013).

6. ⇤CDM constraints from SNe Ia alone

The SN Ia sample presented in this paper covers the redshift
range 0.01 < z < 1.2. This lever-arm is su�cient to provide
a stringent constraint on a single parameter driving the evolu-
tion of the expansion rate. In particular, in a flat universe with
a cosmological constant (hereafter ⇤CDM), SNe Ia alone pro-
vide an accurate measurement of the reduced matter density
⌦m. However, SNe alone can only measure ratios of distances,
which are independent of the value of the Hubble constant today
(H0 = 100h km s�1 Mpc�1). In this section we discuss ⇤CDM
parameter constraints from SNe Ia alone. We also detail the rel-
ative influence of each incremental change relative to the C11
analysis.
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Fig. 8. Top: Hubble diagram of the combined sample. The dis-
tance modulus redshift relation of the best-fit ⇤CDM cosmol-
ogy for a fixed H0 = 70 km s�1 Mpc�1 is shown as the black
line. Bottom: Residuals from the best-fit ⇤CDM cosmology as
a function of redshift. The weighted average of the residuals in
logarithmic redshift bins of width �z/z ⇠ 0.24 are shown as
black dots.

6.1. ⇤CDM fit of the Hubble diagram

Using the distance estimator given in Eq. (4), we fit a ⇤CDM
cosmology to supernovae measurements by minimizing the fol-
lowing function:

�2 = (µ̂ � µ⇤CDM(z;⌦m))†C�1(µ̂ � µ⇤CDM(z;⌦m)) (15)

with C the covariance matrix of µ̂ described in Sect. 5.5 and
µ⇤CDM(z;⌦m) = 5 log10(dL(z;⌦m)/10pc) computed for a fixed
fiducial value of H0 = 70 km s�1 Mpc�1,13 assuming an unper-
turbed Friedmann-Lemaître-Robertson-Walker geometry, which
is an acceptable approximation (Ben-Dayan et al. 2013). The
free parameters in the fit are ⌦m and the four nuisance param-
eters ↵, �, M1

B and �M from Eq. (4). The Hubble diagram for
the JLA sample and the ⇤CDM fit are shown in Fig. 8. We find
a best fit value for ⌦m of 0.295 ± 0.034. The fit parameters are
given in the first row of Table 10.

For consistency checks, we fit our full sample excluding sys-
tematic uncertainties and we fit subsamples labeled according to
the data included: SDSS+SNLS, lowz+SDSS and lowz+SNLS.
Confidence contours for ⌦m and the nuisance parameters ↵, �
and �M are given in Fig. 9 for the JLA and the lowz+SNLS
sample fits. The correlation between ⌦m and any of the nuisance
parameters is less than 10% for the JLA sample.

The ⇤CDM model is already well constrained by the SNLS
and low-z data thanks to their large redshift lever-arm. However,
the addition of the numerous and well-calibrated SDSS-II data
to the C11 sample is interesting in several respects. Most impor-
tantly, cross-calibrated accurately with the SNLS, the SDSS-II
data provide an alternative low-z anchor to the Hubble diagram,
with better understood systematic uncertainties. This redundant

13 This value is assumed purely for convenience and using another
value would not a↵ect the cosmological fit (beyond changing accord-
ingly the recovered value of M1

B).

15

Betoule et al. 2014
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A brief morning breakfast “Cosmology” cereal

Planck 2013
Why ?

How do we measure expansion? 

1998 measurements of   accelerated expansion of the universe with 
distant type Ia SNe. (Perlmutter, Schmidt and Riess) 

How do we measure distances?

Accelerating universe expansion . . .  
     not locally measurable                                         
for the theorists: but “very” recent in cosmological scales
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Our distant standard: SNIa

Supernovae 

•  Very luminous stellar explosions (transient events). 

•  Types: Ia (thermonuclear)and Ib, Ic, II (core collapse).  

• Homogeneous spectral and photometric properties. 

• Similar luminosities → characteristic light curves!   

D1 21 1041   SNIa   zspe=0.21
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SuperNova Legacy Survey (SNLS)

- Canada-France-Hawaii Telescope in Hawaii 
- MegaCam : 36 CCD mosaic 
- 4 broadband filters 
- 4 fields of 1 square degree

SNLS  main  goal:  equation  of  state  of  Dark  Energy!

- Observations: 2003-2008 
!
!
- 0.2 < z < 1
We want to detect: 
- a transient object 
-with luminosity equivalent to the one of its host 
galaxy

SNLS 3:first three years ( G.Bazin 2011, Betoule 2014) 

SNLS 5: all years
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SNLS analysis: standard vs. photometric

Standard SNLS approach

Transient events SNe Ia

Photometry 
Real-time detection of SN like events 

Spectroscopy

~6.000 SN-like

Saclay SNLS group: photometric approach, e.g. SNLS 3

Transient events

Photometry
photometry

SN-like candidates

SNe Ia

SN CC

485 SNe Ia 
117 SNe CC at z<0.4

1483 candidates

photometry

G. Bazin et al. A&A 534, A43 (2011) Photometric selection of Type Ia supernovae in the Supernova Legacy Survey.!

- Differed detection of all 
kinds of transient events 
- Larger number of 
detections 
- Larger redshift coverage
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Photometric detection

Transient events:     Differentiate them from permanent objects

Preprocessing

Elixir 
Preprocessing: 
-Flat-fielding 
-Fringe subtraction

reference image

current images

Saclay Pipeline: 
-Subtraction (TRITON) 
-Stacking 
-Detection (SExtractor)

Subtraction

subtracted images

images on the same lunation 
to increase S/N

Subtraction of reference images from “current”

lunation 
stacks
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Detection of transient events (a.k.a. “Waldo’s gang”) in SNLS-3y

lunation 
stacks

SN-like candidates 
+ spurious 
detections

test sample: field D4  detections 90,971 

Sn-like 362

4  fields  @  3-‐‑‒year  processing  
Detections:  302,987  

SN-‐‑‒like  candidates:  1,483



Irfu  DDays 2014 |  A. Möller

14

SNLS-3y photometric detection example

alpha
334.28 334.3 334.32 334.34 334.36 334.38 334.4

de
lta

-18.25

-18.2

-18.15

-18.1

-18.05

-18

delta:alpha
stack  example detection  map

mounting

saturated  star

resampling  and  mask
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Morphological Component Analysis
in collaboration with F. Lanusse and J-L. Starck from SAp, CEA

new method to reduce spurious detections at the lunation stack level

Hypothesis: a stack image can be decomposed completely in different “dictionaries”

An "atom": is the an elementary signal-representing template (e.g. a sine) 
Dictionary: family of atoms that can be used to decompose a signal at different scales. (e.g. set of Sines at all frequencies) 

We know some of the defects we have and which type of signal an SN-type object will be.

Search for “circular shaped” signals in the second or third scales

wavelets curvelet ridgelet
modified  starlet
bi-‐‑‒orthogonal

original  image
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1. First treatment

!
We adapted a code from Starck et al. that uses morphological decomposition at different 
scales to reduce spurious signals. And performed an optimisation of the code parameters.

J.L. Starck, F. Murtagh, and J. Fadili, Sparse Image and Signal Processing: Wavelets, Curvelets, Morphological Diversity , Cambridge University Press, Cambridge (GB), 2010. 

Characteristics 
-Iterative 

- Noise assumed stationary and gaussian 
-Scales according to the transformation 

dictionary 
-Support masks

Dictionaries 
-modified b3-spline isotropic undecimated 

wavelet 
-bi-orthogonal wavelet 

-curvelet 
-ridgelet 
!

Noise map 
-residuals

SN 
D4-16-95

original stack modified starlet

bi-orthogonal wt curvelet

ridgelet residuals
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2. Second treatment 

- takes advantage once again of morphological information with wavelets only 
(first treatment decomposition is not perfect) 

- supports non stationary noise 
- no background in output image

Accounting for non stationary and non gaussian noise

!
All objects output by my second treatment are candidates 

original stack snls_detect output
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Example, stack cleaning

D4 CCD 00 RUN 10 

original stack tile + first treatment + second treatment 

detections on ccd 00 and run 10: 
1597

detections on ccd 00 and run 10: 
452
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SNLS-3y after cleaning

ra
333.4 333.6 333.8 334 334.2 334.4

de
c

-18.2

-18

-17.8

-17.6

-17.4

-17.2

dec:ra

test sample: D4  90,971

test sample after treatment:  

D4  23,810

Almost factor 4 reduction! 
with loss of SN-like events of less than 6%  

mostly very faint events not suitable for future cosmological analysis

? Efficiency detecting transient events on SNLS 3 

Efficiency detecting transient events on SNLS 3 
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20

SNIa MC studies

until now, SNLS 3 studies: efficiency detecting transient events on real data 
!
SNIa MC using real survey images: 
!
- Larger statistics 
- Coordinates of the SNIa are known (we can study coordinate resolution) 
- Whole cleaning treatment applied. 
!
!

!
?Good coordinate resolution? 

? Efficiency detecting SNIa? 

original procedure

using two step 
treatment

 Efficiency detecting SNIa? 

E

min mag
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SNIa MC studies

Coordinate reconstruction:
- Slight degradation from original to new procedure.  

- Distance RMS difference 0.03 pixels (0.006’’) 
- Magnitude bias increased by 2 milimag 

!
!

!
?Good coordinate resolution 

? Efficiency detecting SNIa? 

!
Good coordinate resolution 
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? Doing cosmology with SNIa using photometric redshift: 
Hubble diagram->Measuring the expansion of the universe->Equation of state of Dark Energy 

My BIG questions

Where is Waldo? 
(where are my SNIa?)

Good coordinate resolution 

time
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Efficiency  
- detecting  
- detecting

M. Betoule et al.: Joint cosmological analysis of the SNLS and SDSS SNe Ia.

sample �coh
low-z 0.12
SDSS-II 0.11
SNLS 0.08
HST 0.11

Table 9. Values of �coh used in the cosmological fits. Those val-
ues correspond to the weighted mean per survey of the values
shown in Figure 7, except for HST sample for which we use the
average value of all samples. They do not depend on a specific
choice of cosmological model (see the discussion in §5.5).
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Fig. 7. Values of �coh determined for seven subsamples of the
Hubble residuals: low-z z < 0.03 and z > 0.03 (blue), SDSS
z < 0.2 and z > 0.2 (green), SNLS z < 0.5 and z > 0.5 (orange),
and HST (red).

may a↵ect our results including survey-dependent errors in es-
timating the measurement uncertainty, survey dependent errors
in calibration, and a redshift dependent tension in the SALT2
model which might arise because di↵erent redshifts sample dif-
ferent wavelength ranges of the model. In addition, the fit value
of �coh in the first redshift bin depends on the assumed value
of the peculiar velocity dispersion (here 150km · s�1) which is
somewhat uncertain.

We follow the approach of C11 which is to use one value of
�coh per survey. We consider the weighted mean per survey of
the values shown in Figure 7. Those values are listed in Table 9
and are consistent with previous analysis based on the SALT2
method (Conley et al. 2011; Campbell et al. 2013).

6. ⇤CDM constraints from SNe Ia alone

The SN Ia sample presented in this paper covers the redshift
range 0.01 < z < 1.2. This lever-arm is su�cient to provide
a stringent constraint on a single parameter driving the evolu-
tion of the expansion rate. In particular, in a flat universe with
a cosmological constant (hereafter ⇤CDM), SNe Ia alone pro-
vide an accurate measurement of the reduced matter density
⌦m. However, SNe alone can only measure ratios of distances,
which are independent of the value of the Hubble constant today
(H0 = 100h km s�1 Mpc�1). In this section we discuss ⇤CDM
parameter constraints from SNe Ia alone. We also detail the rel-
ative influence of each incremental change relative to the C11
analysis.
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Fig. 8. Top: Hubble diagram of the combined sample. The dis-
tance modulus redshift relation of the best-fit ⇤CDM cosmol-
ogy for a fixed H0 = 70 km s�1 Mpc�1 is shown as the black
line. Bottom: Residuals from the best-fit ⇤CDM cosmology as
a function of redshift. The weighted average of the residuals in
logarithmic redshift bins of width �z/z ⇠ 0.24 are shown as
black dots.

6.1. ⇤CDM fit of the Hubble diagram

Using the distance estimator given in Eq. (4), we fit a ⇤CDM
cosmology to supernovae measurements by minimizing the fol-
lowing function:

�2 = (µ̂ � µ⇤CDM(z;⌦m))†C�1(µ̂ � µ⇤CDM(z;⌦m)) (15)

with C the covariance matrix of µ̂ described in Sect. 5.5 and
µ⇤CDM(z;⌦m) = 5 log10(dL(z;⌦m)/10pc) computed for a fixed
fiducial value of H0 = 70 km s�1 Mpc�1,13 assuming an unper-
turbed Friedmann-Lemaître-Robertson-Walker geometry, which
is an acceptable approximation (Ben-Dayan et al. 2013). The
free parameters in the fit are ⌦m and the four nuisance param-
eters ↵, �, M1

B and �M from Eq. (4). The Hubble diagram for
the JLA sample and the ⇤CDM fit are shown in Fig. 8. We find
a best fit value for ⌦m of 0.295 ± 0.034. The fit parameters are
given in the first row of Table 10.

For consistency checks, we fit our full sample excluding sys-
tematic uncertainties and we fit subsamples labeled according to
the data included: SDSS+SNLS, lowz+SDSS and lowz+SNLS.
Confidence contours for ⌦m and the nuisance parameters ↵, �
and �M are given in Fig. 9 for the JLA and the lowz+SNLS
sample fits. The correlation between ⌦m and any of the nuisance
parameters is less than 10% for the JLA sample.

The ⇤CDM model is already well constrained by the SNLS
and low-z data thanks to their large redshift lever-arm. However,
the addition of the numerous and well-calibrated SDSS-II data
to the C11 sample is interesting in several respects. Most impor-
tantly, cross-calibrated accurately with the SNLS, the SDSS-II
data provide an alternative low-z anchor to the Hubble diagram,
with better understood systematic uncertainties. This redundant

13 This value is assumed purely for convenience and using another
value would not a↵ect the cosmological fit (beyond changing accord-
ingly the recovered value of M1

B).

15

Betoule et al. 2014
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Summary and forecast

SNLS 5 
- Ongoing processing 
- Catalog of transient event candidates: 

- Before treatment : 575,857 
- After treatment : 142,484

- Next:  
- Selecting type Ia SN events with: 

- host photometric redshift (SNLS 3) 
- SN photometric redshift 

     -  Hubble diagrams for these  
!
Future publication of this work…


