
Cosmology with a photometric selection of type Ia supernovæ

Gurvan BAZIN

CEA-Saclay, DSM/IRFU/SPP
91191 Gif-sur-Yvette cedex, France

We present a search for transient SNLS events that is independent of real-time SNLS detec-
tion and spectroscopy. Using g’r’i’z’ lightcurves but no spectroscopic information, we find a
sample of type Ia supernovæ candidates. Color-magnitude diagrams proved to be efficient to
discriminate against a population of contaminants that otherwise exhibit similar lightcurve
profiles. The photometric sample is used to derive a purely photometric Hubble diagram. We
find ΩM = 0.252±0.038 for a flat universe which is fully consistent with the previous analysis
based on spectroscopy. Finally, the photometric sample is compared to samples based on real-
time detection and spectroscopic confirmation to estimate possible systematic uncertainties.

1 Introduction

In this note, we present a photometric analysis which is independent of real-time SNLS detection
and spectroscopy. Using only g’r’i’z’ lightcurves but no spectra of the transient SNLS events,
we find a sample of type Ia supernovæ (SN Ia) candidates. This sample is then compared
to samples based on real-time detection and spectroscopic confirmation. The aim is to search
for possible biases in the latter that might be due, for example, to biases in the selection of
candidates for spectroscopy. Lacking spectroscopic redshifts for many events selected in this
study, we make full use of the host photometric redshifts from the Ilbert et al. catalog 2. The
precision of the photometric redshifts is sufficient to construct a reasonable Hubble diagram that
treats identically events with and without spectroscopic confirmation.

2 Photometric selection

The data sample used here corresponds to the first 2 years CFHTLS data release from June
1st, 2003 to September 12, 2005 on the 4 deep fields. In the 4 fields, lightcurves in the 4 filters
(g’r’i’z’) are used to select supernovæ candidates without any spectroscopic information.

2.1 Detections of variable objects

For the redshift range observed by SNLS (z ∈ [0.3, 1.2]) supernovæ exhibit their maximum of
luminosity in the near infrared filter i’. Thus, we first construct a catalog of objects exhibiting
a variable flux in i’ filter. A set of 215,072 events in the 4 fields was retained.

Our detection efficiency was tested with Monte-Carlo generated artificial events added to
the real images 1. The detection efficiency exceeds 90 % up to i’=24.



2.2 Preselection

The 215,072 i’-detected lightcurves were submitted to a preselection in order to avoid noise and
background events and to select events compatible with SN Ia. A search for significant variations
in r’ and i’ was first applied. Then, the preselection required a lightcurves profile with shape, rise
time and fall time, roughly compatible with those of type Ia supernovæ. A good time sampling
is also required in the 4 filters to compensate the lack of spectroscopy. This select 508 events.

Of the 508 events, 152 are identified SN Ia (by the SNLS spectroscopy), 9 are identified core-
collapse events (SN II or SN Ib/Ic) and the other photometrically selected events are classified
as “unidentified” events. Of the 208 spectroscopically identified SN Ia occurring during the time
period (June 2003–September 2005), 152 passed the preselection criteria, the remaining events
do not fulfill the sampling cuts.

2.3 Photometric redshift of the host galaxies

An attempt was made to match the 508 preselected events with galaxies in the Ilbert et al
catalog 2. Of the 508 events, 347 have matched hosts with a photometric redshift which is
then assigned to the event. Of the 347 events, 129 also have SNLS spectroscopic redshifts and
allow a comparison. Taking redshifts lower than 0.8 gives a photometric redshift resolution of
σz = 0.04 × (1 + z) and validates the following analysis using galactic photometric redshifts.

2.4 Photometric selection of SN Ia

The g’r’i’z’ lightcurves of the 347 events with a galactic redshift where treated by a phenomeno-
logical model of SN Ia. We used the SALT23 package yielding the peak observed and rest frame
magnitudes, color and stretch (respectively represented by the parameters c and X1). In the
SALT2 fit, the host photometric redshift was imposed for both the identified and unidentified
samples.

Of the 347 events, 316 had a reasonable fit to a SN Ia (χ2/dof < 3) and were retained for
further analysis. We then make full use of our Monte-Carlo generated SN Ia lightcurves 4 (based
on the SALT2 model) to find discriminanting variables and to determine cuts selecting the SN Ia
events. Figure 1 shows the 3 peak color-magnitude diagrams of the 316 events superimposed
on simulated SN Ia. The diagrams for the observed events are all characterized by a clear
accumulation along the line following the simulated SN Ia. There is also a smaller number of
faint-blue events. These events correspond to a single class of events appearing at different
redshifts and are eliminated by the cuts shown on the 3 diagrams.

Note that a clear distinction between SN Ia and the faint-blue events is possible only for
the brightest events with g’ − r’ < 1. For fainter events, the faint-blue population is not well
separated from the SN Ia so some remaining contamination is inevitable for purely color-selected
events.

Of the 316 events with galactic redshift and a reasonable SALT2 fit, 218 pass the 3 color-
magnitude cuts. We note that all the spectroscopically identified core-collapse events are elimi-
nated by those cuts.

3 Sample characteristics

3.1 Differences in magnitude and redshifts

The distributions of i’ magnitude and photometric galactic redshift of the 218 events are shown on
Figure 2. As expected, the unidentified subsample tends to be fainter and at higher redshift than
the spectroscopically identified subsample. This is due to the signal required by the spectroscopy
which roughly cut the events with i’> 23.5. The redshift distribution for identified sample peaks



at z = 0.6 indicating the onset of the incompleteness near this redshift. The peak of the
unidentified sample is near z = 0.8.

Most of the differences between the two subsamples are due to the difference in magnitude
and redshift. To establish a comparison between the 2 subsamples, we will mostly confine our
attention to events with i’< 23.5.

3.2 Differences in intrinsic parameters (color and stretch)

Comparing the color of the 2 subsamples, we did not find a significant difference. They are
compatible on average but the unidentified subsample contains more extreme colors than the
identified subsample. Concerning the stretch, the unidentified events are enriched in short events
(smaller X1). This excess of short events is interpreted as a bias towards sending long and bright
events to the spectroscopy (relation brighter-slower observed on SN Ia).

3.3 The full sample

As the comparison did not exhibit a strong and not-understood bias between the 2 subsamples,
we looked at the full sample without magnitude cut. Color-magnitude diagrams of SN Ia and
faint-blue population merge in the region i’> 23.5 and some contamination is expected. Extreme
colors clearly appear in the unidentified subsample. We found that most of them could be due
to wrong photometric galactic redshift (roughly 60 %) and the remaining ones might be due to
residual contamination (faint-blue events). So, we reject 27 events with c < −0.3 and c > 0.5
for cosmology.

3.4 Impact on cosmology

Even if the spectroscopic selection of supernovæ was biased towards slower events, the brighter-
slower relation used in the Hubble diagram would be expected to largely correct for this.

We computed the residuals of the Astier et al 20065 cosmology for each event of our selection.
A comparison between residuals from the total sample and from the identified subsample did
not show any significant difference in distance modulus for a redshift lower than 0.7. For values
of redshift higher than 0.7 and lower than 1.0, a difference of ∆µB = −0.052 ± 0.034 mag is
observed which is consistent with the enrichment of fainter events of the total sample.

4 Cosmology

The Hubble diagram for the whole photometric sample without outliers in color is given in
Figure 3. We fit a flat ΛCDM cosmology including the whole SNLS photometric sample (in
which we rejected events with redshift higher than 1.0 because of the large uncertainties on
photometric redshifts) (174 distant supernovæ), and the nearby sample (44 supernovæ) used in
Astier et al 2006 5.

We found ΩM = 0.252 ± 0.038 (stat) which is consistent with the cosmology obtained by
the SNLS 1st year analysis (ΩM = 0.264 ± 0.042 (stat)). The difference found of −0.012 can
be interpreted as the impact on the cosmology of the small selection bias involved by the spec-
troscopy.

Conclusion

A photometrically selected SN Ia sample was compared to a sample based on real-time detection
and spectroscopic identification. When restricting these samples to i’ magnitudes below 23.5,



which corresponds roughly to the magnitude limit of the spectroscopic sample, we do not observe
significant differences in the event intrinsic features or in the residuals to the Hubble diagram.

With no restriction in magnitude, residuals to the Hubble diagram do not exhibit significant
differences for z < 0.7. For 0.7 < z < 1.0, a difference of −0.052 ± 0.034 mag is observed in the
mean distance modulus. The impact of this difference on a flat cosmology is a downward shift
of 0.012 in ΩM .

Future projects will observe tens of thousands of SN Ia. To obtain spectroscopic time for
each event will be absolutely impossible. This analysis constitute a first step to demonstrate the
availability of a purely photometric selection of SN Ia to derive a consistent cosmology.
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Figure 1: The color-magnitude diagrams. The lines bound the accepted region for SN Ia candidates and successive
plots show only events within the accepted region of the previous plots. The small red dots correspond to Monte-

Carlo generated events.
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Figure 2: Distributions in i’ magni-
tude and redshift for SN Ia candi-

dates.
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Figure 3: Hubble diagram with the
total photometrically selected sam-
ple (z < 1) and the nearby SN Ia

used for cosmology.


