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- 280 deg2 every 2 days during Sept 1 - Nov 30 of 2005/6/7.
- multi-band light curves of SN Ia at 0.05 < z < 0.35

40 P. Astier et al. (SNLS Collaboration): SNLS 1st year data set

5.4. Cosmological fits

From the fits to the light-curves (Sect. 5.1), we computed a
rest-frame-B magnitude, which, for perfect standard candles,
should vary with redshift according to the luminosity distance.
This rest-frame-B magnitude refers to observed brightness, and
therefore does not account for brighter-slower and brighter-
bluer correlations (see Guy et al. 2005 and references therein).
As a distance estimator, we use:

µB = m∗B − M + α(s − 1) − βc
where m∗B, s and c are derived from the fit to the light curves,
and α, β and the absolute magnitude M are parameters which
are fitted by minimizing the residuals in the Hubble diagram.
The cosmological fit is actually performed by minimizing:

χ2 =
∑

objects

(
µB − 5 log10(dL(θ, z)/10 pc)

)2

σ2(µB) + σ2
int

,

where θ stands for the cosmological parameters that define the
fitted model (with the exception of H0), dL is the luminos-
ity distance, and σint is the intrinsic dispersion of SN abso-
lute magnitudes. We minimize with respect to θ, α, β and M.
Since dL scales as 1/H0, only M depends on H0. The definition
of σ2(µB), the measurement variance, requires some care. First,
one has to account for the full covariance matrix of m∗B, s and c
from the light-curve fit. Second, σ(µB) depends on α and β;
minimizing with respect to them introduces a bias towards in-
creasing errors in order to decrease the χ2, as originally noted
in Tripp (1998). When minimizing, we therefore fix the val-
ues of α and β entering the uncertainty calculation and update
them iteratively. σ(µB) also includes a peculiar velocity con-
tribution of 300 km s−1. σint is introduced to account for the
“intrinsic dispersion” of SNe Ia. We perform a first fit with an
initial value (typically 0.15 mag), and then calculate the σint

required to obtain a reduced χ2 = 1. We then refit with this
more accurate value. We fit 3 cosmologies to the data: a Λ cos-
mology (the parameters beingΩM andΩΛ), a flatΛ cosmology
(with a single parameter ΩM), and a flat w cosmology, where w
is the constant equation of state of dark energy (the parameters
are ΩM and w).

The Hubble diagram of SNLS SNe and nearby data is
shown in Fig. 4, together with the best fit Λ cosmology for
a flat Universe. Two events lie more than 3σ away from the
Hubble diagram fit: SNLS-03D4au is 0.5 mag fainter than the
best-fit and SNLS-03D4bc is 0.8 mag fainter. Although, keep-
ing or removing these SNe from the fit has a minor effect on
the final result, they were not kept in the final cosmology fits
(since they obviously depart from the rest of the population)
which therefore make use of 44 nearby objects and 71 SNLS
objects.

The best-fitting values of α and β are α = 1.52 ± 0.14
and β = 1.57 ± 0.15, comparable with previous works using
similar distance estimators (see for example Tripp 1998). As
discussed by several authors (see Guy et al. (2005) and ref-
erences therein), the value of β does differ considerably from
RB = 4, the value expected if color were only affected by
dust reddening. This discrepancy may be an indicator of intrin-
sic color variations in the SN sample (e.g. Nobili et al. 2003),
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Fig. 4. Hubble diagram of SNLS and nearby SNe Ia, with various cos-
mologies superimposed. The bottom plot shows the residuals for the
best fit to a flat Λ cosmology.

and/or variations in RB. For the absolute magnitude M, we ob-
tain M = −19.31 ± 0.03 + 5 log10 h70.

The parameters α, β and M are nuisance parameters in the
cosmological fit, and their uncertainties must be accounted for
in the cosmological error analysis. The resulting confidence
contours are shown in Figs. 5 and 6, together with the product
of these confidence estimates with the probability distribution
from baryon acoustic oscillations (BAO) measured in the SDSS
(Eq. (4) in Eisenstein et al. 2005). We impose w = −1 for the
(ΩM,ΩΛ) contours, and Ωk = 0 for the (ΩM, w) contours. Note
that the constraints from BAO and SNe Ia are quite comple-
mentary. The best-fitting cosmologies are given in Table 3.

Using Monte Carlo realizations of our SN sample, we
checked that our estimators of the cosmological parameters
are unbiased (at the level of 0.1σ), and that the quoted
uncertainties match the observed scatter. We also checked
the field-to-field variation of the cosmological analysis. The
four ΩM values (one for each field, assuming Ωk = 0) are
compatible at 37% confidence level. We also fitted separately
the Ia and Ia* SNLS samples and found results compatible at
the 75% confidence level.

SNLS (Astier et al. 2006)

- On-mountain 24 hr processing
- SN candidates released immediately to 
public.
- real-time photometric typing.
- spectroscopic follow-up.

http://sdssdp47.fnal.gov/sdsssn/sdsssn.html

http://sdssdp47.fnal.gov/sdsssn/sdsssn.html
http://sdssdp47.fnal.gov/sdsssn/sdsssn.html
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search photometry; in some cases, final photometric reductions reveal detections at even earlier

epochs. We see that the discovery epoch vs. redshift limit is well fit by a model in which the

photometric limit for SN Ia discovery is r ! 22.5. This survey cadence and detection limit

results in well-sampled, multi-band light curves, as shown, e.g., in Fig. 3 (see also Holtzman et

al. 2007). Since SNe Ia typically spend about 25 rest-frame days brighter than 1 mag below

peak light, the three-month annual survey duration is long enough that the efficiency hit due to

survey ‘edge effects’ (in time) is not large; that loss can be further minimized by carrying out

targeted photometric follow-up of SNe on other telescopes into December (see §5).

Fig. 2.— Photometric discovery epoch relative to estimated time of g-band peak light vs.

redshift, for the spectroscopically confirmed SNe Ia from the 2005 and 2006 seasons. The epoch

of peak light is determined from light curve fits to the on-mountain photometry. Black points

denote supernovae that reached peak light at least seven days after the start of the survey on

Sept. 1; red points denote supernovae that peaked before Sept. 7 and account for most of

the SNe found after peak. Blue curve shows expected epoch vs. redshift for a typical (median

luminosity) SN Ia with r = 22.5 and no extinction.

4. Data Processing and Target Selection

We use a dedicated compute cluster at the observatory to carry out rapid reductions of the

SDSS-II SN imaging data (see Sako et al 2007 for more details). The ugriz data are processed

through the first stages of the standard SDSS photometric reduction pipeline (Lupton et al.

2001) to produce ‘corrected’, astrometrically calibrated (Pier et al. 2003) images for the SN

search data. The deeper co-added reference images, comprising data taken up through 2004,

are convolved with the PSFs of the search frames and subtracted from them, using a modified

version of the frame subtraction pipeline developed for ESSENCE (Miknaitis et al. 2007); due
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2005 & 2006 Seasons

peaked after
Sept. 7

> 85% of SN Ia discovered
before maximum light

Spectroscopy
epochs

Frieman et al. (2007)

includes multi-epoch 
of same SN

r = 22.5

Follow-up spectrum usually
obtained after ~2 - 4 epochs

(~90% confirmation efficiency for SN Ia).

also attempted 20 single-epoch candidates
(15 SNe, 1 galaxy, 2 noise, 2 asteroids)



2005 2006
nights on 2.5m 59 60

runs 73 90

objects scanned 190,020 14,441

SN candidates 11,385 3694

confirmed SN Ia 129 193

probable SN Ia 16 15

SN Ia host z 80 14

improved junk filter 
trained with 2005 
data & scan 2nd-
epoch and bright 
1st-epoch objects

322 SN Ia + 44 CC SNe in 6 months.
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Fig. 11.— Spectra decomposition example - 1: observed by HET

Fig. 12.— Spectra decomposition example - 2: observed by Subaru

– 25 –

Fig. 11.— Spectra decomposition example - 1: observed by HET

Fig. 12.— Spectra decomposition example - 2: observed by Subaru

Zheng et al. (2007)

Spectroscopy

- total of 248 + 449 spectra taken in two seasons.
- multi-epoch spectroscopy of selected nearby SNe.
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Fig. 2.— Spectra of SN 2005gj obtained from Oct. 1 (∼7 days after explosion) to Nov. 28
(∼61 days after explosion) of 2005. The sequence show the dramatic spectral evolution of

the SN from a very blue continuum with strong Hydrogen-Balmer lines in emission in the
early phases, resembling the spectrum of a Type IIn SN, to a Type Ia supernova-dominated

continuum with broad absorption and emission features (P-cygni profiles) of blended Fe II
and Fe III profiles. The spectra are shown in logarithmic flux scale and a constant shift
has been applied for clarity. The wavelength is in the rest-frame corrected using z = 0.0616

for the host galaxy. We show the UT date when the spectra were obtained and the epoch
(rest-frame days after explosion) in parenthesis.

– 49 –

Fig. 4.— Observed light curves of SN 2005gj from SDSS (open circles), MDM (open squares)
and CSP/Swope (filled triangles). The error bars are smaller than the symbols. For clarity,
the light curves have been shifted by an arbitrary constant.SN2005gj

- co-discovered by SDSS-II & SNFactory
- SDSS + CSP + MDM data
- SN2002ic-like thermonuclear SN in dense environment?

Prieto et al. (2007)
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SN2005hk Phillips et al. (2007)

- underluminous SN Ia; low expansion velocity SN2002cx-like.
- pure deflagration?
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Low-z SN Ia Rate

Dilday et al. (2007)

- blind search; well-understood efficiency.
- spectroscopic confirmation nearly complete out to z~0.1

SDSS-II 2005 data
(17 SN Ia z < 0.12)



Photometric SN Ia Candidates

Identified an additional 
239 high-quality 
photometric SN Ia 
candidates at z < 0.36 
(sample not complete).

continue to obtain host 
redshifts.

Determination of the rate 
at z~0.3.

spectroscopically
confirmed & probable

SN Ia

black line + SN Ia candidates
with measured host galaxy redshifts

red line + photometric
SN Ia candidates
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SDSS-II

2005 data
- 129 SN Ia
- 89 after cuts

results this 
summer


