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Outline
■ Why Nearby Supernovae?
■ Overview for non-SN folks

■ The Nearby Supernova Factory
■ SN search
■ Followup instrument (SNIFS) and methodology

■ Recent Results
■ The Future
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Why Nearby Supernovae?
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SNLS Astier et al. A&A 2006

■ Cosmology differences are degenerate 
with absolute normalization of SNe Ia

■ Low-z sample breaks this degeneracy
■ Current systematics are limited by

low-z sample and its intercalibration to 
high-z sample
■ Quality of current low-z data (esp. U-band)
■ Different filters and calibrations
■ SN models
■ Evolution
■ Bulk-flow and redshift range
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Example Systematics
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TABLE 8
Systematic uncertainties in w for the salt–ii analysis of the FwCDM model, including the BAO+CMB prior. +/− values

indicate asymmetric uncertainties.

Uncertainty on w for Sample:
Source of Uncertainty a b c d e f

Rest frame U-band −0.100 0.104 −0.133 0.104 0.104 0.104
zmin cut for Nearby sample 0.050 0.030 0.050 0.030 0.030 0.030
Galactic Extinction 0.021 0.012 0.004 0.016 0.022 0.023
salt–ii SN Ia MODEL PARAMETERS
retraining : include SDSS data 0.008 0.005 0.017 0.011 0.005 0.005
dispersions of SALT-II surfaces 0.001 0.003 0.002 0.006 0.006 0.004
β-variation with redshift 0.000 +0.073 0.000 +0.045 +0.013 +0.036
SELECTION EFFICIENCY
simulated bias 0.020 0.011 0.009 0.002 0.001 0.012
CALIBRATION
0.01 mag errors in U, B, V, R, I 0.029 0.030 0.027 0.022 0.020 0.022
shifted Bessel90 filters 0.000 0.000 0.015 0.010 0.008 0.013
vary SDSS AB offsets for g, r, i 0.018 0.037 0.031 0.015 0.016 0.000
vary ESSENCE R − I color zeropoint 0.000 0.035 0.000 0.036 0.021 0.025
vary SNLS g, r, i, z zeropoints 0.000 0.057 0.000 0.046 0.030 0.043
vary HST zeropoints 0.000 0.000 0.000 0.000 0.015 0.000

Total
+0.06
−0.12

+0.15
−0.14

+0.07
−0.15

+0.13
−0.13

+0.12
−0.12

+0.13
−0.12

TABLE 9
Systematic uncertainties in ΩM for the salt–ii analysis of the FwCDM model, including the BAO+CMB prior. +/− values

indicate asymmetric uncertainties.

Uncertainty on ΩM for Sample:
Source of Uncertainty a b c d e f

Rest frame U-band −0.020 0.022 −0.024 0.022 0.022 0.022
zmin cut for Nearby sample 0.012 0.007 0.012 0.007 0.007 0.007
Galactic Extinction 0.005 0.003 0.001 0.004 0.006 0.006
salt–ii SN Ia MODEL PARAMETERS
retraining : include SDSS data 0.002 0.001 0.003 0.001 0.002 0.001
dispersions of SALT-II surfaces 0.000 0.001 0.000 0.001 0.001 0.001
β-variation with redshift 0.000 +0.016 0.000 +0.010 +0.002 +0.007
SELECTION EFFICIENCY
simulated bias 0.005 0.003 0.002 0.003 0.000 0.003
CALIBRATION
0.01 mag errors in U, B, V, R, I 0.006 0.008 0.005 0.005 0.005 0.005
shifted Bessel90 filters 0.000 0.000 0.003 0.002 0.001 0.002
vary SDSS AB offsets for g, r, i 0.004 0.007 0.006 0.003 0.003 0.000
vary ESSENCE R − I color zeropoint 0.000 0.006 0.000 0.006 0.003 0.004
vary SNLS g, r, i, z zeropoints 0.000 0.011 0.000 0.009 0.005 0.008
vary HST zeropoints 0.000 0.000 0.000 0.000 0.003 0.000

Total
+0.015
−0.025

+0.033
−0.029

+0.015
−0.029

+0.028
−0.027

+0.025
−0.025

+0.027
−0.026

curves). In each panel, the Hubble parameter for the
open CDM model has been adjusted to agree with that
for the best-fit FwCDM model, so that the FwCDM ver-
sus open CDM residuals vanish at z = 0. Since the Hub-

TABLE 10
Parameters from mlcs2k2 light curve fits (uncertainties
in parentheses). The complete table for all 288 SNe is
given in electronic form in the journal, and also at

http://das.sdss.org/va/SNcosmology/sncosm09 fits.tar.gz.

SNID redshifta µ AV ∆ MJDpeak

762 0.1904(.0001) 40.05(0.10) 0.20(0.08) −0.22(0.07) 53624.4(0.4)

1032 0.1291(.0002) 38.80(0.10) 0.07(0.06) 0.88(0.09) 53626.9(0.2)

1112 0.2565(.0002) 40.84(0.18) 0.13(0.09) 0.05(0.16) 53629.3(1.0)

1166 0.3813(.0005) 41.51(0.18) 0.16(0.11) −0.25(0.13) 53630.1(1.1)

1241 0.0858(.0050) 38.10(0.09) 0.40(0.06) 0.02(0.06) 53634.7(0.2)

1253 0.2609(.0050) 40.65(0.14) 0.06(0.05) 0.08(0.12) 53634.2(0.5)

ble parameter is not determined in this analysis, a con-
stant vertical offset in Fig. 24 is irrelevant: what is sig-
nificant are the slope and curvature of the points and the
best-fit (solid) curves vs. redshift. Figure 25 shows the

TABLE 11
Hubble diagram fit-quality parameters using mlcs2k2

distances.

fit-quality Result for sample:
parameter Nearby SDSS ESSENCE SNLS HST
χ2

µ 31.9 55.3 46.8 63.0 32.5
Ndof 32 102 55 61 33
RMSµ 0.19 0.15 0.23 0.24 0.28
σint

µ (χ2
µ = Ndof) 0.16 0.09 0.13 0.16 0.15

χ2
µ (global fit) 32.9 56.6 48.4 64.6 32.4

SDSS Kessler et al. (2009)

Fixable with a better low-z sample
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Nearby Supernova Factory

5

Palomar
Nightly

SNIFS  UH 2.2-m
Every 2-3 nights

NERSC

Ref New New-Ref

= ~10-7 of the area
    observed per night

Custom, unique spectrometer
designed for nearby SN obs

1. Discover

2. Observe3. Analyze
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The Search
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Image: Caltech Archives

■ 28 months during 2005 – 2008
■ Palomar Oschin 1.2m
■ 112 CCD QUEST-II camera
■ ~9 square degree field-of-view
■ Joint with asteroid / NEO searches

■ Search low-z like high-z
■ Wide field impartial search
■ Representative distribution of host galaxy environments

■ Pioneering work in large area, large data SN searches
■ PTF, PanSTARRS, LSST, ...
■ e.g. machine learning algorithms to identify SN candidates
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1000+ SN Discoveries
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2π coverage
Over 1000 SN discoveries of all types

# visits
per field
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Classifications
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SNfactory Others Total
All Typed 624 71 695

SNe Ia 396 50 446
Follow-up 147 38 186
Processed 62 12 74

# visits
per field
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All Typed 624 71 695
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SNe Ia
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SNfactory Others Total
All Typed 624 71 695
SNe Ia 396 50 446

Follow-up 147 38 186
Processed 62 12 74

# visits
per field
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Detailed Followup
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SNfactory Others Total
All Typed 624 71 695
SNe Ia 396 50 446

Follow-up 147 38 186
Processed 62 12 74

# visits
per field
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Followup Methodology
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■ Most SN programs:
■ Oriented toward broad-band photometry
■ Some spectroscopy, mainly for redshift and confirming Type Ia
■ Difficulties:
■ Inter-program calibrations (different filters and redshift coverage)
■ Model building with sparse non-flux calibrated spectra

■ New Paradigm:
■ Flux-calibrated spectra = spectrophotometry
■ Spectrophotometry at every epoch
■ Benefits
■ Synthesize any filter/redshift range you want
■ Dense sample of spectra for model building and understanding SNe
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Motivations for Spectrophotometry
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described above and a spectrophotometric light curve model. The
spectrophotometric SN light curve model was adjusted using
spline functions to match the colors of the light curve models of
our SNe. The light curve models are shown in Figure 2 to guide
the eye only. They are obtained in two different ways depending
on the quality of the available photometric data. For the four SNe
with z < 0:1, we have used the fit method explained in Wang
et al. (2006), which has six parameters per band. This method
allows effective fitting of R- and I-band data, which exhibits a
second ‘‘bump’’ of variable strength appearing approximately
30 days after the maximum. However, since this fit method has
six free parameters per fitted band, one can use it only for light
curves with dense temporal sampling with high signal-to-noise
ratio. For the more distant SNe 1999ar, 1999bi, 1999bm, and
1999bn we use a more constrained light curve fitting method
based on template matching. A library of template light curves
obtained fromwell-observed supernovae isK-corrected to the ob-
served redshift. The best-matching light curve is chosen as a
model for the supernova. The light curve models along with the
S-corrections shown in Figure 2 aremeant to guide the eye andwill
not be used in the remainder of the paper; we continue with the
concept of using instrumental magnitudes along with instrument-
dependent passbands when fitting the light curve parameters.

The light curve parameters such as peak magnitude, stretch,
and color at maximum are obtained using the spectral template
method of Guy et al. (2005), which is described in more detail in
x 3.3. Themethod is well suited to this task since it uses telescope-
specific bandpass functions for modeling the observer-frame light
curves. The B-band (left) and V-band (right) observer-frame light
curves are shown in Figure 3, along with the light curves pre-

dicted by the spectral template for the corresponding bandpass.
In the bottom part of the plots we show the residuals from the
model prediction. In most cases the model describes the data rea-
sonably well, with !2 /dof ! 1. Systematic deviations, such as
observed in the late-time behavior of the B-band light curve of
SN 1999aw, are likely to be attributable to the limitations of the
two-parameter spectral template model in capturing the full di-
versity of Type Ia supernovae light curves.

Figure 4 (right and middle) shows the fitted B" V color at
maximum, aswell as the stretch distribution. The stretch distribution
has one low-stretch supernova (SN 1999bm) but is otherwise dom-
inated by supernovaewith larger stretches. Two lower stretchSNe Ia
were found in these searches but are not presented here because of
their faintness—in one case combined with proximity to the cuspy
core of an elliptical host—prevented an analysis using the tech-
niques described here. In any case, the larger number of high-stretch
supernovae is not very significant (a K-S test resulted in a 20%
probability that the twodistributions are consistentwith each other).

For two of the eight supernovae, light curve data have previously
been published. Jha et al. (2006), Krisciunas et al. (2000), and
Altavilla et al. (2004) presented independent data on SN1999aa.
When comparing the fit results for SN 1999aa we find agree-
ment to within 1% in maximum B-band luminosity, color, and
stretch. Spectroscopic and photometric data on SN 1999aw
were previously reported by Strolger et al. (2002). While the raw
data of Strolger et al. (2002) are largely the same as that pre-
sented here, the reduction pipelines used are independent. A
main difference is the treatment of nonstandard bandpasses. We
report the original magnitudes and correct for nonstandard band-
passes during the fit of the light curve, while in Strolger et al.

Fig. 1.—Bandpasses for the various instruments used in the Spring 1999 Nearby Supernova Campaign. For comparison, the filled regions represent the passband
transmission functions of the Bessell (1990) system.

IMPROVED COSMOLOGICAL CONSTRAINTS 753No. 2, 2008 S-corrections
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Followup Instrument
■ SNIFS: SuperNova Integral Field Spectrometer
■ Custom designed and built by SNfactory for nearby SNe
■ Remotely operated every 2-3 nights

on UH 2.2m on Mauna Kea

14
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SuperNova Integral Field Spectrometer 
(SNIFS)

1512

Acquisition, 
Guiding

Microlens array to
two channel spectrograph

15x15 = 225 spectra

Extinction
monitoring,
calibration

Hard work...

Photometric Channel

6” x 6” FOV; 0.4”/spaxel
9.4ʼ x 9.4ʼ FOV; 0.14”/pix

Pick-off Prism
at SN loc

Galaxy + Sky

SN + Galaxy + Sky

Sky

SN

R channel:

Every obs: flux calibrated spectra,
320 – 520, 510 – 1000 nm coverage

On UH 2.2m on Mauna Kea;
SNfactory every 2-3 nights for ~9 months/year
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Spectrophotometry
synthetic photometry of SN2005elFrom Spectra to Lightcurves
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Spectrophotometry
synthetic photometry of SN2005elFrom Spectra to Lightcurves
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Spectrophotometry
synthetic photometry of SN2005elFrom Spectra to Lightcurves
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synthetic photometry of SN2005elFrom Spectra to Lightcurves
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Spectrophotometry
synthetic photometry of SN2005elFrom Spectra to Lightcurves
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Spectrophotometry
synthetic photometry of SN2005el

• One spectrum per point / night

• Synthesizable in any filter

• Lightcurves + spectral features

From Spectra to Lightcurves
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Each SN: Spectral Timeseries
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Animation:  Yannick Copin

Real data with
spline interpolation 
between epochs
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Calibration
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■ SNe calibrated to network of standard stars
■ CalSpec reference flux-calibrated spectra
■ Includes BD+174708 (fundamental calibrator for SDSS, SNLS3)
■ Allows nightly extinction solutions for airmass corrections

■ Non-photometric nights
■ Photometric channel extinction monitoring corrections

■ Primary difficulty
■ Extraction of SN from complicated host background structure



Stephen Bailey – LPNHE Paris – SNfactory

Galaxy Reconstruction
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Original Input GalaxyReconstructed Galaxy

Final Ref

!3 !2 !1  0  1  2  3

!3

!2

!1

 0

 1

 2

 3

3.06516 33.3668 63.6683 93.9699

Data, t 11 
min 3.07e+00, max 9.40e+01, mean 3.83e+01

pli, img
pli, colors

data reconvolved
galaxy

residual

+ PSF model

Reconstruction outside
of nominal spectral
field of view

Subtract convolved
galaxy from
datacube with SN

Simulated Data

FOV + FWHM

Sébastien BongardAnalogous to photometry methods, but with spectra
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Galaxy Reconstruction
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Real Data

Sébastien Bongard

Ongoing work:
* epoch:epoch alignment
* PSF modeling
* multi-epoch simultaneous fit

SN
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Calibration: Nightly Extinction
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Largest variation is in U-band ... critical for calibration

Clément Buton

Use multiple standard
stars to solve for nightly
extinction solution



Image: D. Laferry
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Hubble Diagram
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SNfactory Preliminary

Prepared by David Rubin using SALT2 and “Union” (Kowalski et al 2008) framework
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Riess et al. (1996)

Krisciunas et al. (2005)

Hamuy et al. (1996)

~40% of SNfactory followup sample

Union + CfA3 + SDSS
+ SNfactory
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Hubble Diagram
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SNfactory Preliminary D. Rubin
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Symbol size ~ inverse variance

SNfactory 09

CFA3 Hicken 09

SDSS Kessler 09

Essence Miknaitis 07
SNLS Astier 06

Riess / HZT 06

Cosmology parameters still blinded ... work in progress ...
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Bulk Flow Systematics
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4

constraining power, we need to minimize zloc (subject of
course to other uncertainty sources such as peculiar ve-
locities, which we address below).

The illustrative analytic expression of Eq. (6) agrees
extremely well with the numerical calculations (which we
always use), pointing up the inherent cosmological de-
generacy that leads to the saturation in the use of large
numbers of local SN for cosmological leverage and the
preference for lower redshift. Thus, local SN at z = 0.05
strengthen the higher redshift program much more than
SN at z = 0.1. For example, with 300 local SN, the degra-
dation in constraints if zloc = 0.1 rather than 0.05 is 24%,
16% for w0, wa (and goes roughly linearly with deviation
of zloc from 0.05). As already seen, even large numbers
of SN at zloc = 0.1 cannot overcome this disadvantage.

As expected, the cosmological degeneracy imposes a
monotonic optimization, pushing zloc → 0. This, how-
ever, is impractical for a realistic experiment. Two fac-
tors dominate in working against very low redshift: the
smaller volume available and hence fewer SN, and un-
certainties contributed to the distance determination by
random and coherent peculiar velocities. These raise the
very low redshift end of the optimization curve, creating
a minimum at a finite redshift.

To take into account the volume effect, we realize that
an experiment with fixed survey time, centered at zc, can
amass a number N of well characterized SN (i.e. not just
discovered, but followed up with spectroscopy), where

N ∼

∫

bin

dz z2A(z), (7)

where A(z) gives the dependence on the redshift depth
of the solid angle that can be covered in the survey time.
This accounts for the increased amount of time required
to observe fainter SN. We approximate A(z) ∼ z−γ,
which includes the cases of sky noise domination (γ = 4)
and source noise domination (γ = 2), and should provide
a reasonable fit between these two limits. Both N and
A are normalized to the zc = 0.05 case of 300 well char-
acterized SN in 20000 deg2. We limit the sky area to a
maximum of 30000 deg2 and take the total redshift bin
width to be 0.05, centered at zc. We have checked that
the exact distribution of SN around the central redshift
has very weak influence, of order 1% in the parameter
constraints, i.e. it does not matter if within the bin the
SN are taken to be all at the bin center, uniformly spread,
or scaled with the local volume element.

Effects due to peculiar velocities of galaxies in which
SN reside consist of a statistical error due to random ve-
locities (which we take to be 300 km/s) and a systematic
error due to bulk motions. The latter is treated follow-
ing the formalism of [11, 12] and we approximate their
results by an irreducible error across the local redshift
bin of σ2

vsys ∼ Aαz−β
c , added to the SN random variance.

We find a good fit with

σvsys = 0.0077m

(

A

20000 deg2

)−1/4
( z

0.065

)−3/2

. (8)

Putting all this together, Fig. 3 shows the realistic de-
pendence of the cosmological constraints on zloc. There
is now a clear optimum location for the local SN sample,
at zc = 0.05−0.06, to maximize the science return of the
SN experiments. Recall that the true area scaling will lie
between the γ = 2 and γ = 4 cases, with γ = 2 (source
noise domination) holding for more nearby SN observed
near peak brightness and γ = 4 (sky noise domination)
holding for more distant SN or observations away from
peak brightness. At very low redshift, the ceiling on the
area makes the results independent of γ.

FIG. 3: The interaction of cosmological degeneracies, inherent
even at low redshift, velocity flow systematics, and observa-
tional considerations creates a optimum redshift for the low
redshift sample of supernova serving to anchor the Hubble di-
agram. Here we account for all these effects, with the number
of observed supernovae scaling with redshift depth according
to the available volume, but also the more limited solid angle
A(z) that can be covered in fixed survey time (due to fainter
source magnitudes). The optimum central redshift of the low
redshift supernovae is z ≈ 0.05.

Technically, because of the volume weighting, the bin
center is not the same as the mean redshift. For example,
for a sample spanning z = 0.03−0.08 (such as the Nearby
Supernova Factory), the weighted mean is 〈z〉 = 0.062.
Interestingly, the standard expression for SN systemat-
ics for the SNAP-like sample, 0.02(1 + z)/2.7 (see §II),
predicts 0.0079m here, hence essentially already provid-
ing a good approximation to the local sample systematics
expressed by Eq. (8).

The conclusion about the optimum zloc remains robust
in the presence of a further systematic involving a mag-
nitude offset between the local sample and the higher
redshift sample, due to calibration for example. Such a

9

as part of the error budget for SN surveys. This percep-
tion is incorrect because it ignores the coherent velocity
fluctuations quantified by Cvel.

11 (solid lines).
It is useful to understand qualitatively why the dif-

ferent contributions to C̃11 depicted in Fig. 2 take the
values they do. The contribution from the Poissonian
intrinsic scatter is the simplest: 0.12/300 or 0.152/300
giving 3.3 × 10−5 or 7.5 × 10−5 (dotted lines). The con-
tribution from the Poissonian velocity term is also easy
to understand. At low redshifts, the term σPoiss., vel.

1 (eq.
[20]) is roughly 2.17× v/(cz) where v is the typical pecu-
liar velocity (∼ 300 km/s) and cz is the Hubble flow. For
instance, at z = 0.055, this amounts to σPoiss., vel.

1 ∼ 0.04,

and therefore (σPoiss., vel.
1 )2/300 ∼ 5×10−6 (dashed line).

For the non-Poissonian velocity term Cvel.
11 (eq. [22]),

let us focus on the case corresponding to the SNfactory,
with a total area of 20000 square degrees and a mean
redshift of z = 0.055 (the lowest black line). The large
survey area means that the window function W vel.

11 (k)
is dominated by the low order multipoles (eq. [23]).
Let us consider the monopole " = 0, which picks out
k ∼ 0.005 h/Mpc corresponding to a mean distance of
χ ∼ ∆χ ∼ 200 Mpc/h. The integral over power spectrum
(second line of eq. [22]) can therefore be approximated
by 4πkP (k)/(2π)3 evaluated at k ∼ 0.005 h/Mpc, giving
roughly 4 (Mpc/h)2. The prefactors in the first line of eq.
(22) equal ∼ (2.17)2×(1/0.055)2×(0.5/3000)2( h/Mpc)2,
where we have made use of the fact that D′ is roughly
half the inverse Hubble radius ∼ 0.5/(3000 Mpc/h) (re-
call that the speed of light is set to one). Putting all
these together yields Cvel.

11 ∼ 2 × 10−4.
A low redshift survey such as the SNfactory provides

an important anchor for surveys at higher redshifts in
that it helps determine the zero-point M (eq. [1]). As
we will see, combining high redshift SN surveys with a
low redshift survey such as the SNfactory often reduces
the error on the equation of state of dark energy by a
factor of about 2. It is therefore important to ask: to
what extent does peculiar motion, particularly coherent
peculiar motion, increase the projected error on M from
a survey like the SNfactory?

Fig. 3 provides the answer. The dotted lines show the
errorbar on M (keeping all other parameters fixed [47])
from a survey of 300 SNe that spans z = 0.03 − 0.08, ig-
noring peculiar motion i.e. only the intrinsic magnitude
scatter is taken into account: the upper dotted line is for
an intrinsic scatter of σintr. = 0.15, and the lower dot-
ted line is for σintr. = 0.1. With only the intrinsic scatter
taken into account, the error on M is independent of sur-
vey area. The solid lines show the same, except this time
including peculiar motion induced fluctuations. As be-
fore, the upper line of the pair uses σintr. = 0.15 and lower
line uses σintr. = 0.1. (At these redshifts, other sources of
large scale structure fluctuations such as lensing are neg-
ligible.) For a survey like the SNfactory (∼ 20000 square
degrees), one can see that peculiar motion increases the
error on M by about a factor of 2, depending on the
intrinsic scatter assumed. This result makes good sense

FIG. 3: The zero-point (M in eq. [1]) rms error as a func-
tion of survey area (keeping all other parameters fixed). The
survey redshift coverage is fixed: z = 0.03 − 0.08, and the
number of SNe is 300. The upper pair of solid lines allow for
the effects of peculiar motion, while the lower pair of dotted
lines do not. Within each pair, the upper line uses an intrin-
sic scatter of σintr. = 0.15 and the lower one uses σintr. = 0.1.
Note that the SNfactory (SNf) covers half of the sky, which
is about 20000 square degrees.

because we can see from Fig. 2 that including the coher-
ent velocity contribution Cvel.

11 raises the total magnitude
covariance by a factor of 3 − 4. The lesson: peculiar ve-
locity has a significant impact on the determination of
the SN zero-point from a low redshift anchor.

Note that in all our computations of the coher-
ent/correlated velocity term Cvel.

ij , we use the exact ex-
pression that allows for large angles (eq. [22]). We find
that using the plane parallel approximation (eq. [21])
leads to an underestimate of Cvel.

ij by only about 10%,
even for a survey with high sky coverage like the SNfac-
tory.

Fig. 2 might give one the impression that one is better
off moving the low redshift anchor to a higher z where
the peculiar motion induced magnitude fluctuations are
smaller, largely because the ratio of peculiar velocity to
Hubble flow is smaller. However, to measure the equation
of state wpivot accurately, it is advantageous to have a
long lever arm in redshift. In other words, a large redshift
span (from the low redshift anchor like the SNfactory to
a high redshift SN survey) is preferable – recall that the
discovery of cosmic acceleration comes from comparing
the low redshift part (z ∼< 0.1) of the Hubble diagram
with the high redshift part (z ∼ 1). From this point
of view, it is not immediately obvious that moving the
low redshift anchor to a higher z actually helps. Fig. 4
addresses this question.

Linder 2006 Hui & Greene 2006

SNfactory sample optimizes balance between cosmological
fit lever arm (z) and bulk flow systematic (volume of survey)

Optimize Redshift

Optimize Area
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SNfactory Redshift Range
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SNfactory Redshift Range
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SNfactory Redshift Range
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Benefits from SNfactory Sample

29

■ Short Term
■ Bulk flow systematic
■ Redshift range and area covered optimizes

fit lever arm vs. systematic from coherent bulk flows
■ Sample composition bias
■ Search is deeper than followup: less Malmquist bias (to be quantified)
■ Untargeted search: representative host sample diversity

■ Low/High-z sample inter-calibration
■ SNfactory sample directly calibrated to BD+174708
■ Ability to synthesize same filters as high-z samples

■ Somewhat longer term
■ Full K-correctionless Hubble diagram fits
■ New SN spectral timeseries templates
■ Better understanding of SNe Ia ...

We get these benefits 
even if we just add our 
data to the Hubble 
diagram with standard 
methods

Unique dataset 
enables improvements 
beyond standard 
methods

Discussed in working groups
at this workshop
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Two Classic Corrections
■ Classic corrections
■ Color: Bluer = Brighter
■ Lightcurve shape: Broader = Brighter

■ ~40% → ~16 – 20% scatter

■ Can we do better with spectral info?
■ Search correlations of features with residuals

30
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Previous Spectral Metrics

31

Flux Ratios
e.g. RSiS

Absorption Ratios
e.g. RSi

Pseudo-Equivalent Widths /
fractional absorption area
e.g. EW(SiII 6355)

Feature Velocities
e.g. vSi

1

2

3

4
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Generalized Flux Ratios

32
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SNF20070818-001
SNF20061021-003

SNF20070803-005
SNF20070717-003
SN2007kk
SNF20060908-004
SNF20080522-011
SNF20070424-003
SN2006dm
SNF20070912-000
SN2005hc
SNF20070810-004
SNF20080822-005
SNF20070630-006
SNF20080626-002
SNF20080510-001
SNF20080512-010
SNF20070531-011

SNF20070712-003
SNF20070806-026

SNF20080516-022
SNF20070727-016
SN2007bd
SNF20080514-002

Spectra sorted by SALT color

■ Consider all flux ratio combos,
not just ratios of known peaks

■ Search for correlations with 
uncorrected Hubble residuals

■ SNfactory spectra
■ Flux calibrated
■ Within ±2.5 days of peak brightness

■ Training and Validation Datasets
■ Search with training set (28 SNe)
■ Cross check w/ validation set (30 SNe)
■ Minimizes bias and confirms results
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Flux Ratio Correlations

33

Lower diagonal: Decolor spectra before forming ratios

Statistically
Significant

Training Set
ρ = 0.94

■ Develop method and pick ratios
   based upon training sample
■ Then look at validation sample

Bailey et al 2009, A&A Letters, arXiv 0905.0340
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Flux Ratio Correlations

33

Lower diagonal: Decolor spectra before forming ratios

Statistically
Significant

Training Set
ρ = 0.94

■ Develop method and pick ratios
   based upon training sample
■ Then look at validation sample

Correlations
■ Stronger than color or stretch
■ Selected only from training sample
■ Confirmed by validation sample

Validation Set
ρ = 0.96

Bailey et al 2009, A&A Letters, arXiv 0905.0340
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Nearby Hubble Diagram

34

Uncorrected
σ = 0.40 mag
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Nearby Hubble Diagram

34

Uncorrected
σ = 0.40 mag

SALT2 corrects 0.40 → 0.16 mag
What if we fit with R643/442 instead?

µB = (mB–M) + αx1 - βc
σ     = 0.161 mag
σcore = 0.156 mag

SALT2
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Nearby Hubble Diagram

34

Uncorrected
σ = 0.40 mag

SALT2 corrects 0.40 → 0.16 mag
What if we fit with R643/442 instead?

µB = (mB–M) + αx1 - βc
σ     = 0.161 mag
σcore = 0.156 mag

SALT2
µB = (mB–M) + γR
σ     = 0.128 mag
σcore = 0.108 mag

Flux
Ratios

Flux Ratios standardize SNe Ia
better than x1 and c combined

Bailey et al 2009
A&A Letters
arXiv: 0905.0340

Hubble Residuals

Sample R642/443 x1, c

Training 0.130 0.154

Validation 0.134 0.171

All 0.128 0.161
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Hubble Residuals

35

Single Flux Ratio:
σ = 0.13

combined with color:
σ = 0.12

Traditional method
(SALT2)
σ = 0.16

Bailey et al 2009, A&A Letters, arXiv 0905.0340

Also better at correcting
red and peculiar SNe
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Literature SNe Comparison

36

■ Literature SNe from Matheson, 
with photometry from Jha and 
Hicken

■ Overall, supports our results 
within the resolution of the data

■ One outlier (99cl)
known to be unusual:
■ Very heavily reddened
■ Time variable sodium absorption
■ Very low RV value

Bailey et al 2009, A&A Letters, arXiv 0905.0340
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Related Work: vSi and Color

37

X. Wang et al. 2009
ApJ Letters, arXiv:0906.1616
Improved distances to Type Ia Supernovae with Two Spectroscopic Subclasses

■ Slope of color correction 
related to Si velocity vSi

■ Separating high/normal vSi 
significantly improves scatter 
(0.178 → 0.125 mag)

■ 99cl is in high vSi set

Blue                Color                 Red
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Brighter = Bluer
but what slope?

vSi
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K-correctionless Hubble Diagram
■ Synthesize photometry on a redshift-dependent filter-set
■ One filter integrates the same spectral range on all SNe
■ Minimize systematic errors due to the light curve fitter 

spectral model (SALT2)

■

38

(74 SNe) “standard” SALT2 no K-correction √Δσ2

σcore (mag) 0.158 0.138 0.077

SNe Ia σint (mag) 0.131 0.110 0.071
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K-correctionless Cosmology

39

■ Custom calibrate each high-z SN with low-z SNe using
■ same filters
■ same restframe wavelengths

■ Apples-to-apples comparisons for cosmology
■ Cancels many fit biases
■ Work in progress...
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■ Complete study underway of classic metrics (RSi, EW(4000), etc.)
■ Ability to standardize SNe Ia
■ Covariance with each other and with stretch and color

■ Example: EW(SiII 4000)

Classic Metric Studies

40

Nicolas ChotardEW(SiII 4000)

Hu
bb

le
 R

es
id

ua
l Color Cut

Historical and new spectral indicators 
from the Nearby Supernova Factory

LPNHE!

Laboratoire de!
physique nucléaire!

et des hautes énergies

N.Chotard (IPNL) & the SNfactory collaboration

http://snfactory.in2p3.fr
n.chotard@in2p3.fr

Conclusions

Supernovae Sample

Traditional spectral indicators

Introduction

! Type Ia supernovae make excellent 

cosmological distance indicators 
! A n a l t e r n a t i v e a p p r o a c h t o 

standardization was proposed using 

spectral indicators instead of light-curve 

shape.

We probe direct correlation of spectral 

indicators to Hubble diagram residuals.

! Study based on spectrophotometric SN Ia spectra obtained by the 

Nearby Supernova Factory 

! Sample of 58 SNe selected based upton: :

• quality of their SALT2 light-curve 

fit residuals and phase coverage, 

• spectra in a window of +/- 2.5 

days around the maximum.

58 objects, for which we fit for 

stretch (x1), color (c) and date of 

the maximum using the SALT II 

algorithm (Guy et al 07).

{58 light curves using synthetic photometry

RSi =
dblue

dred

RSiSS =
∫ 5700
5500 F (λ)dλ

∫ 6450
6200 F (λ)dλ

RSiS =
Fmax5600

Fmax6300

The indicators defined in the literature (Nugent et al 95, 

Bongard et al 05), mostly concentrate on two regions 
of interest between 3500 and 4200 Å and between 
5500 and 6500 Å, where calcium and silicon spectral 
features can be observed. 

dblue

dred

!  Spectral indicators correlated to SN Ia absolute luminosity
!  Silicon zone correlation with intrinsic variabilty part observed
! R(642/443) proves to be a strong competitor of x1 and color for luminosity 
standardization

Correlations with SN parameters

Control plot of automatic spectral indicators 

calculation for a spectrum of the sample. Zoom of the 

several spectral features.  

EW =
N∑

i=1

(
1− fλ(λi)

fc(λi)

)
∆λi

Absolute Pearson correlations of flux 

ratios R(y/x)=Fy/Fx with SN Ia 

absolute magnitudes. The upper-left 

triangle shows the correlations with 

uncorrected absolute magnitudes. 

For illustration, the lower right triangle 

shows the correlations of color-

corrected ratios Rc with color-

corrected magnitudes.

Bailey et al 2009, A&A Letters

R642/443 = F (642 nm)/F (443 nm)New spectral indicator Corrected Hubble residuals

ρ = 0.95

Final RMS on hubble diagram with one spectral ratio : 0.128± 0.012

RCa =
Fmax3950

Fmax3650{

Other spectral indicators such as equivalent 
widths (Hachinger et al 06, Bronder et al 08) 
can be computed in several regions of the  
SN Ia spectrum. General definition is the 
following:

EWSiII(4000)

! Correlations of indicators with SN parameters such as 

Hubble residuals (uncorrected absolute magnitudes), !MB , 

stretch (x1), color (c), or fully stretch and color corrected 

luminosities (!MB corr) is a good indication of the relative 

standardization power of these indicators. 

! The table shows the linear correlation coefficients between 

parameters and spectral indicators. EWSiII4000 prove to be 
particularly useful for standardizing SNe Ia.

∆MB x1 color ∆MB corr phase
RCa 0.55 -0.45 0.35 0.17 0.05
RSi 0.26 -0.60 0.04 0.00 0.06

RSiSS -0.77 -0.57 -0.54 -0.16 0.27
EWSiII(4000) 0.33 -0.76 -0.01 0.17 0.23

EWSiII(4000)cut 0.80 -0.84 0.01 0.28 0.21

! EWSiII4000"s correlations with 

Hubble residuals and x1 increase 
after the color cut (see table).

Color cut

After color cut, EWSiII4000 is an excellent 

candidate to estimate intrinsic part of the SN 

Ia variability and replace the x1 parameter.

Powe r o f spec t r a l 

analysis to standardize 

and understand SN Ia.

Color cut applied on the sample (color<0.1), 44/58 SNe passing the cut

Correction None c & x1
c & 

EWSiII
4000

None c & x1
c & 

EWSiII
4000

RMS 0.406 0.161 0.164 0.217 0.153 0.123

nMAD 0.264 0.159 0.177 0.243 0.139 0.148

Standard deviation and normalized median absolute deviation.

Corrected Hubble residuals

! EWSiII4000 is independant of 

color and a good proxy for x1.

∆M corr
b = ∆Mb + α× x1− β × c

! Spectral correction can be applied in a same way. 

Here, example of EWSiII4000 to show  the power of 

the indicators.

Color cut

!Traditional corrections applied to the luminosity are 

stretch and color, with # and $ tuned to minimize the 

residuals to the cosmological fit to the data.

EW(SiII 4000) + Color
competitive with x1 + Color
(cp Bronder EW alone)
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Double Degenerates?

41

SNLS Super-Chandra?

3 more
with spectral
timeseries
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Modeling the Physics of SNe Ia

42

Ca II
Mg II
Si III

S II Si II O I Ca II
Fe II
Si II

Si II
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. ■ Map underlying physics to 
observed features
■ Abundances, densities, KE
■ Stretch, color 
■ Spectral features

■ Data-driven modeling
■ New methods developed to 

handle the richness of data

Rollin Thomas
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The Future

■ Cosmology
■ Our highest priority

■ Additional spectral metrics
■ Full study of classic metrics
■ New metric studies underway

■ New SN spectral timeseries templates
■ SN Modeling
■ Studies of individual SNe
■ and much more

43

SNfactory Preliminary D. Rubin

  0.0       1.0       2.0
Redshift

35

40

45

D
is

ta
n
c
e
 M

o
d
u
lu

s

Miknaitis et al. (2007)

Astier et al. (2006)

Riess et al. (2006)

Knop et al. (2003)

Amanullah et al. (2009)

Amanullah et al. (2008)

Barris et al. (2003)

Tonry et al. (2003)

Perlmutter et al. (1999)

Riess et al. (1998) + HZT

Holtzman et al. (2009)
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Jha et al. (2006)

Riess et al. (1996)
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From Taste to Facts

44
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From Taste to Facts
■ Monday: Saulʼs SN Defining the Issues talk
■ Some choices for future can be based upon agreed upon facts
■ Other choices are currently based upon our scientific tastes
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■ Monday: Saulʼs SN Defining the Issues talk
■ Some choices for future can be based upon agreed upon facts
■ Other choices are currently based upon our scientific tastes

■ Yesterdayʼs SN survey design discussion
■ Generally agreed on photometry, diverged on spectroscopy
■ Exactly how useful are spectra beyond typing and redshift?
■ Ariel: we need to do our homework
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From Taste to Facts
■ Monday: Saulʼs SN Defining the Issues talk
■ Some choices for future can be based upon agreed upon facts
■ Other choices are currently based upon our scientific tastes

■ Yesterdayʼs SN survey design discussion
■ Generally agreed on photometry, diverged on spectroscopy
■ Exactly how useful are spectra beyond typing and redshift?
■ Ariel: we need to do our homework

■ SNfactory is doing that homework
■ e.g. Flux ratios are first quantitative evidence of how good spectra 

can outperform multi-color lightcurves on the same data
■ Just the first of multiple related analyses
■ Calibration methods: classic metrics, other new metrics
■ Likes-to-likes: calibrate SNe with other SNe that look most similar
■ Subsamples: split 91T-like from 91bg-like from normal from ...

44



Image: D. Laferry


