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SN Surveys Parameter Comparison
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Sources of Systematic Uncertainty
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Sources of Systematic Uncertainty

SNe at low- and 
high-z are 
different
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Sources of Systematic Uncertainty

Flux
miscalibration
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Sources of Systematic Uncertainty

Photometric redshift, 
host confusion

Wednesday, March 26, 2014



Sources of Systematic Uncertainty

Astrophysics in the
line of sight affects

flux
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Sources of Systematic Uncertainty

Inaccurate
SN flux model
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Needs to Lower Systematic Uncertainties

• Better data to get a more complete view of each supernova

- New windows to exploit: Spectrophotometry, near-infrared

• Improve models used to determine SN Ia luminosity

- Requires intensive study of nearby SNe

• Improve flux calibration

• Need spectroscopy to quantify biases from photometry-only 
analysis

• Better low-redshift sample

- Use common SN-frame wavelengths to build Hubble Diagram

• High-z searches rely on UV-B wavelengths where there is little low-z data

- Leverage on dark energy parameters
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Need a Modern SN Data Set: Reduces 
Standardization Systematics

• With better quality 
data

- Better quality 
distances

- Estimate systematic 
errors with poorer 
quality data

• Supersedes 
previous SN data

Aldering et al. (2010)

Perlmutter et al. (1995)

Knop et al. (2003)

Astier et al. (2006)
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Need Better SN Ia Model

• Supernova distances determined from fits of multi-band light curves

- Depends on magnitude at peak brightness, light-curve decline rate , and 
color

Luminosity
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Need Better SN Ia Model

• Supernova distances determined from fits of multi-band light curves

- Depends on magnitude at peak brightness, light-curve decline rate , and 
color

Luminosity

Luminosity

Luminosity

Luminosity

MLCS2k2

SALT2

SIFTO

SNooPy

LuminosityBayeSN
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Uncertainty in SN Model Leads to Dark Energy 
Uncertainty

• Bulk of high-quality SN measurements 
in optical wavelengths and near peak

- SNe less well understood in UV and NIR, 
well before and well after peak brightness

• Issue manifest in discrepancy of 
distances from different light-curve 
fitters

- Inconsistent U-band templates

- Different interpretation of color

- Different priors

Kessler et al. (2009)

MLCS2k2

SALT2
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New Supernova Parametrization Lowers 
Statistical and Systematic Uncertainties

• Standardize to DES-filter light curves

• Absolute magnitude dispersion of new method (0.107 mag) better 
than other methods also using optical data (0.15 mag), and as well 
using optical+NIR data (0.105 mag) 

• Hubble residual step between low- and high-mass hosts disappears
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New Supernova Parametrization Lowers 
Statistical and Systematic Uncertainties

Fit for ! (scale factor) and "E(B-V) (color difference)

SN2model :: Gaussian Process prediction of SN2 at phases of SN1 

C-1 :: diag(var_SN1) + CCM2 * GP_covariance_SN2

Supernova Pairs

Twinny Untwinny

• SNe Ia exhibit heterogeneity in their spectra

• Regress to put different SNe on a common time grid

• Compare similarity of spectral time series

• Twin supernovae are good standard candles: 0.08 mag
Wednesday, March 26, 2014



Near-Infrared: Another Window Reduces Dust 
and Standardization Systematics

• SNe are observed to have 
~0.15 absolute magnitude 
dispersion in the NIR with no 
light curve or dust 
corrections

• Less susceptible to dust 
extinction

• Small dispersion in the NIR 
also seen in SN explosion 
models

Kasen (2006)

Wood-Vasey et al. (2008)
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Near-Infrared: Another Window Reduces Dust 
and Standardization Systematics

• SNe are observed to have 
~0.15 absolute magnitude 
dispersion in the NIR with no 
light curve or dust 
corrections

• Less susceptible to dust 
extinction

• Small dispersion in the NIR 
also seen in SN explosion 
models

Freedman (2009)
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LSST + Euclid

• Potential time for a Euclid 
Legacy Science

- Supernova survey

• Combine LSST optical and 
Euclid infrared to extend 
restframe wavelength 
coverage and redshift range

Astier et al. submitted

P. Astier et al.: Distances to high redshift supernovae with Euclid

wide-field NIR capabilities, Euclid offers a unique opportunity
to deliver a large sample in this redhift regime. In this section,
we present the DESIRE survey (Dark Energy Supernova Infra
Red Experiment) which will be a dramatic improvement in the
number of high quality SNe Ia light curves at redshifts up to 1.5.

Euclid observing time will be mostly devoted to a wide sur-
vey of 15,000 deg2, with a single visit per pointing (Laureijs
et al. 2011). Each single visit consists of 4 exposures for simul-
taneous visible imaging and NIR spectroscopy, and 4 NIR imag-
ing exposures of 79, 81 and 48 s in y, J and H respectively. We
refer to this set of observations as the “Euclid standard visit”.
The Euclid observing plan also makes provision for deep fields,
which consist of repeated standard visits, in particular in order
to assess the repeatability of measurements from actual repeti-
tion rather than from first principles. We attempted to assemble
a SN survey from these repeated standard visits and failed to find
a compelling SN survey strategy. Our unsuccessful attempts are
described in appendix C.

Since we aim at measuring 3 bands per event, and require
that these 3 bands map similar restframe spectral regions at all
redshifts, we need to observe in more than 3 observer bands in
order to cover a finite redshift interval. The obvious comple-
ment to Euclid consists of i− and z−bands observed from the
ground. We identify at least three facilities capable of deliver-
ing these observations: LSST (8 m, Ivezic et al. 2008), the Dark
Energy Camera (DECam) on the CTIO Blanco (4 m, Flaugher
et al. 2010), and Hyper Suprime Cam (HSC) on the Subaru (8 m,
Miyazaki et al. 2012). The most efficient of these three possibil-
ities is LSST; HSC would require about 3 times more observ-
ing time than LSST while DECam would require about 10 times
more. While these are all plausible options, we consider LSST
to be the most natural partner and we chose it to illustrate the
DESIRE survey in the remainder of this paper.

In table 2, we display the depth per visit that delivers the re-
quired quality of light curves up to z = 1.5 (for an average SN).
The table also lists observing times derived using our instrument
simulator. For i and z band, we used the sensitivities used for
LSST simulations from Ivezic et al. (2008), however without ac-
counting for the IQ degradation with air mass: somewhat longer
exposure times might be needed in order to reach the required
sensitivities. As for the Euclid observations, a slower cadence
could be accommodated provided the depth per visit is increased
accordingly. The derived precision of single-band lightcurve am-
plitudes of average SNe Ia are displayed in Fig. 5. Examples of
simulated light curves are shown in Fig. 6.

Table 2. Depth of the visits simulated for the DESIRE survey.

i z y J H
Depth (5σ) 26.05 25.64 25.51 25.83 26.08
Exp. time (s) 700 1000 1200 2100 2100

Notes. Depth (5σ for a point source) and exposure times at each visit for
a 4-day cadence of the proposed DESIRE joint SN survey. The exposure
times for LSST i and z bands assume nominal observing conditions. For
Euclid NIR bands, the exposures times are the ones that would deliver
the required depth in a single exposure, if such long exposures are tech-
nically possible. The S/N calculations are described in appendix A.

We have assumed that Euclid could devote 6 months of its
program to monitor this dedicated deep field. The NIR exposure
times in table 2 add up to 5400 s per visit and pointing. Monitor-
ing 20 deg2 (40 pointings) at a four-day cadence uses 62.5% of
the wall clock time for integrating on the sky. The rest is avail-
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Fig. 5. Precision of lightcurve amplitudes as a function of redshift for
the 5 bands of the DESIRE survey, assuming a 4-day cadence with the
exposure times of table 2. To fulfill the requirements in §2.3, i-band is
used up to z=1, z-band up to z=1.2, and distances at z=1.5 rely mostly
on J- and H-band. For y, J and H bands, these calculations assume a
reference image gathering 60 epochs in Euclid.
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Fig. 6. Simulated light curves of an average SN at z=1.2 (top) and z=1.5
(bottom).

able for overheads such as readout, slewing, etc. Since building
SN light curves require images without the SN, the program is
split over two seasons with identical pointings, so that each sea-
son, which consists of 45 visits, provides a deep SN-free image
for the other season. Thus, our baseline program consists of two
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LSST

Euclid

P. Astier et al.: Distances to high redshift supernovae with Euclid

Polarski (2001): w(z) = w0 +wa z/(1+ z), and shown to describe

a wide array of dark energy models in Linder (2003). We define

the cosmology with two more parameters: ΩM the reduced mat-

ter density, and ΩX the reduced dark energy density, both eval-

uated today. Distances alone do not constrain efficiently these

4 parameters, and in practice, at least two external constraints

have to be added. We have settled for one CMB prior, taken

as a measurement of the shift parameter R ≡ Ω1/2
M

H0r(zCMB),

and flatness. For the geometrical CMB prior, we compared the R

measurement to 0.32% (anticipated from Planck, see Mukherjee

et al. 2008, Table 1), with the binned w matrix for CMB alone

from Albrecht et al. (2009) projected on the (w0,wa) plane in

a flat universe, and found extremely similar results. Note that

both approaches take care to ignore information on dark energy

from the ISW effect in the CMB, because the latter concentrates

on large angular scales and might be difficult to extract. We also

wish to ignore the ISW effect in order to ensure a purely geomet-

rical cosmological measurement that is insensitive to the growth

of structures after decoupling. The method also ignores potential

information from CMB lensing.

We simulate distances in a fiducial flat ΛCDM universe with

ΩM = 0.27. We restrict the rest frame central wavelength of

the bands entering the fit to [380-700]nm, which leaves 3 to 4

bands per event. Enlarging this restframe spectral range formally

improves the statistical performance but breaks the requirement

that similar rest frame ranges are used to derive distances at all

redshifts.

The quality of EoS constraints are usually expressed, follow-

ing Albrecht et al. (2006), from the area of the confidence con-

tours in the (w0,wa) plane, and the normalisation we adopt reads

FoM = [Det(Cov(w0,wa))]
−1/2

. Still following Albrecht et al.

(2006), we define the pivot redshift zp to be where the EoS uncer-

tainty is minimal, and wp ≡ w(zp). σ(wp) is also the uncertainty

when fitting a constant EoS. It can be regarded as the ability

of the proposed strategy to challenge the cosmological constant

paradigm. In table 5, we report the following performance indi-

cators: σ(wp), the uncertainty of the EoS evolution σ(wa), and

the FoM. The FoM difference between the two first lines shows

the Euclid contribution to the overall FoM: by delivering about

10% of the total event statistics (see Table 4), the high redshift

Euclid part of the Hubble diagram increases the FoM by ∼50%.

Table 5. Cosmological performance of the simulated surveys.

σ(wa) zp σ(wp) FoM
low-z + LSST-DDF

0.22 0.25 0.022 203.2
+ DESIRE

low-z + LSST-DDF 0.28 0.22 0.026 137.1

LSST-DDF + DESIRE 0.40 0.35 0.031 81.4

Notes. The FoMs assume a 1-D geometrical Planck prior and flatness.

zp is the redshift at which the equation of state uncertainty reaches

its minimum σ(wp). The FoM is defined as [Det(Cov(w0,wa))]
−1/2 =

[σ(wa)σ(wp)]
−1

and accounts for systematic uncertainties. The contri-

butions of the main systematics are detailed in Table 6.

We present in Table 6 some combinations of uncertainties,

and we find (as in Table 5 of A11) that the dominant reduction

in the figure of merit arises from the combination of calibration

uncertainties and SN model training. In A11, we also consid-

ered the impact of several hypotheses such as fitting the α and β
parameters (equation 4) separately in redshift slices, or assum-

ing that there are several event species, each with its lightcurve

model and (α, β,M0, eM) set, and concluded that these extra pa-

Table 6. Cosmological performance with various uncertainty sources.

Assumptions
cal evo train σ(wa) zp σ(wp) FoM
n n n 0.15 0.30 0.016 418

y n n 0.18 0.30 0.016 339

n y n 0.18 0.25 0.018 315

y y n 0.20 0.27 0.019 266

y n y 0.21 0.28 0.020 238

y y y 0.22 0.25 0.022 203

Notes. “cal” refers to calibration uncertainties (σZP = 0.01). “evo”

refers to evolution systematics (eq. 3). “train” refers to SN model train-

ing from the same sample.

rameters result in negligible degradation of the cosmological

precision.

7.1. Altering the baseline survey and systematic hypotheses

The photometric calibration uncertainty (i.e. the zero point un-

certainty) and the evolution uncertainty (equation 5) constitute

the two key performance drivers with a fixed SN sample size.

Fig. 9 shows the cosmological performance as a function of the

size of these systematic uncertainties. Regarding the photomet-

ric calibration, we have varied only the NIR calibration accuracy

(i.e. Euclid’s photometric calibration), since photometric cali-

bration accuracy in the visible is already better than what we

assumed (see Betoule et al. 2013). We note that the performance

is reasonably robust to significant changes of these two uncer-

tainties.

We investigate how the performance varies with statistics in

table 7: the FoM varies roughly as the square root of the number

of events (rather than linearly without systematics nor external

priors). We note that modest improvements of the SN modeling

quality (intrinsic scatter and colour smearing) significantly im-

prove the overall performance.

Scolnic et al. (2013b) propose to describe the scatter around

the brighter-bluer relation using σc = 0.04 and σint = 0, where

we use by default respectively 0.025 and 0.12; transferring the

scatter from brightness to colour also increases β from 3 to ∼4.

With this extreme setup, we find a FoM of 204, i.e. unchanged

with respect to our baseline.

Table 7. Effect of altering some survey parameters.

Alteration σ(wp) FoM
none 0.022 203

statistics (all surveys) × 1.2 0.021 226

statistics (all surveys) × 0.8 0.023 179

DESIRE × 1.2 0.022 207

DESIRE × 0.8 0.022 200

σc = 0.015 0.021 223

σint = 0.10 0.021 231

σc = 0.04 σint = 0 0.022 204

Notes. σc refers to colour smearing (0.025 by default), σint refers to the

Hubble diagram scatter (without any shot noise nor colour smearing),

set to 0.12 in our baseline.
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Need Better Photometric Calibration

• JLA (SDSS + SNLS) analysis provides most rigorous study of 
photometric calibration and SN cosmology to date

Betoule et al. , 2013, A&A, 552, A124
Betoule et al. , 2014, A&A, submitted

σ(Z) σ(λeff )

(mmag) (nm)

MEGACAM (SNLS)

g 3 0.3

r 6 3.7

i 4 3.1

z 8 0.6

SDSS

u 8 0.6

g 4 0.6

r 2 0.6

i 3 0.6

z 5 0.6

Zeropoint uncertainty dominated by ~3 
mmag CALSPEC uncertainty 

• For current data calibration still leading 
systematic but now comparable to 
statistical uncertainty

• Observatory calibration - planned for 
LSST

- Star flats to calibrate relative PSF photometry 
at every position in the focal plane 

- Atmospheric monitoring and modeling

- Tunable laser calibrates throughput of the 
telescope

• SNe are standard stars!  Self-calibration
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Need Spectroscopy

• Redshift from host galaxy + SN photometric redshift inadequate for 
purposes of classification

- Spectroscopic redshifts needed

- No live-time requirement, can be done on host galaxy later

• Supernova spectral diversity informs absolute magnitude

• Calibrate and test photometric only analysis 

- Spectroscopic classification of an unbiased candidate subset

• Tom Matheson presentation
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DES Redshifts and Classification - Spectroscopy

• AAT AAOmega-2df allows 
392 fiber-fed optical 
spectroscopy

• 2 square degree closely 
matches 2.2 s.d. field of view 
of DECam

• 18 SN spectra from AAT, 
SALT, Keck, Gemini, GTC in 
Year 1

• Hard to get time for SN 
redshifts

DES footprint (white 
boundaries)

AAOmega Field of View AAOmega Fibers

15
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Eda Gjergo,  Steve Kuhlmann, Eve Kovacs, Kyle Barbary, Rahul Biswas, Ravi Gupta
Argonne National Laboratory 

Rick Kessler
KICP,  Univ. Chicago

Photometric-‐Redshift Studies with Simulated SNe in LSST and DES

Multiple Photo-‐z algorithms  tested

With/Without    Host  Galaxy  Information

LSST  Filter  Vendor  differences  and  their  
impact  on  photo-z  performance  studied

2-‐

(Photo-‐z True z)/(1+True z) > 0.1 

LSST Simulated SNe Photo-‐z with 

SNCosmo Nested Sampling Algorithm
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Need Low-z to Anchor Hubble Diagram

• Use common SN-frame wavelengths to build 
Hubble Diagram

- Increase the sample with near-UV coverage

• Low-z SNe provide important leverage in the 
DE FOM

Kessler et al. (2009)

MLCS2k2

SALT2
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Need Blind Analysis: Reduces Scientist Bias

• Blind analysis is any method to hide some aspect of the data or 
result to prevent experimenter’s bias

- Dark energy parameters honing in on a Cosmological Constant - a special 
value preconceived to be good

• Blind analysis techniques for SN cosmology

- Pre-define statistics used to measure exclusion of cosmological constant

- Pre-defined blinding analysis rules

- Blind information that can bias humans

• Best-fit dark energy values, analysis algorithms, calibration offsets

- Analysis procedure addressing ALL systematics and tests that would be 
done if data were inconsistent with cosmological constant

• DES SN WG Blinding Document
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Conclusions

• As the tool used to discover the accelerating expansion of the 
universe and the leading probe of dark energy, the systematic error 
budget has been carefully scrutinized

• Current results are limited by systematic uncertainty

• There is a path forward to reduce current limiting systematics

- Requires carefully planned low-redshift and cosmological surveys

- Robust experimental design (space)

- Advanced theoretical and empirical SN modeling
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