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Using SN la to probe Dark Energy

Tracking systematic uncertainties

Latest SNLS cosmological constraints

What to expect next
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Experimental Principle

2 observables :
flux; f

Redshift: z d2=Lmpt -7

a)
i // 4

Use Supernovae as distance indicators to measure the
Luminosity distance d,

d, Is sensitive to the expansion rate and to the Energy
content of the Universe
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The Luminosity Distance

Assuming the Universe is made of 2 « fluids »: Masse and X of density r
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What Is dark energy ?

Equ. of State

dw (w=-1) ~ 2.5 dm

0.6 0.8
Redshift

Measurement ingredients:
A (High) redshift Type la Supernovae (SN la)
A additional constraint on W,-> increase precision
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SNe la are good cosmological tools

Very Luminous events

Y visible at cosmological
distances

N

But they are NOT standard candles

Show little luminosity dispersion
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Calibrating Supernovae la

Normalized to Peak Stretched Corrected

SNe la show Light Curve
shape-luminosity relationships
(similar to Cepheids P-L
relation)
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They also exhibit color
luminosity relation (brighter-
bluer)

—

—
N

=
3
(2}
=
3
+
m

©

Y Allows us to measure
- after empirical corrections -
distances to 5% precision

—
o

V+ gonstant

June 4, 2012 NAOC



Cosmology with SNe la

An empirical approach

Absolute magnitude Light curve shape

at maximum correction
Resframe apparent magnitude Color correction. Accounts for
at maximum - extinction by dust

- Intrinsic color variations
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Tracking systematic uncertainties

Why worry about systematics ?

No precise theoretical understanding of SN la explosion mechanism
and therefore of their physical properties

Potentially subject to z dependent systematic uncertainties

- affecting measurements : selection effects, PSF photometry on
gal axy, e

- of astrophysical nature : dust, lensing along the line-of-s 1 g ht ,
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SDSS-II first year results (2009) : apparent
discrepancies between methods

—2.0blLf _ /s
0.0 0.2 0.4 0.6 08 0 0.0 0.2 0.4 06 0.8 0
Q 0

M M

w= -0.76 £ 0.07 (stat) £ 0.11 (sys) w= -0.96+ 0.06 (stat) + 0.12 (sys)

Systematic uncertainty ?
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Differences are not (always) systematic
uncertainties

Origins of the LC model ndi s

(1) Model restframe UV fluxes

Y di sappears with i mprove:
calibration

(2) Treatment of the color variability of the SNe la.

Y di sappears when assumpt |
dropped (empirical approach)
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SN la brightness vs Host type .

A No detailed understanding of SN la progenitors L -

A AreMg,aandbiiuni ver sal 0 par am :
metallicity (environmental) dependence? -

A ugrizJHK host data allows estimations of:
T Host star formation rate
T Host stellar mass content | .

1.5x10* 2.0x10* .

Lambda (A)
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Hubble residuals versus host mass

SNe | a are brighter (40)
lightcurve shape and color correction
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Subtle effectT 0.08mag i smaller than stretch and color

corrections
June 4, 2012 NAOC 13



Effect of Host Mass Correction

Without
host galaxy term

SNe
BAO
Combined

SNLS3 + BAO + WMAP7 +lat
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Effect of Host Mass Correction

SNe
BAO
Combined

With mass host
galaxy term

SNLS3 + BAO + WMAP7 +lat

June 4, 2012

NAOC

15



Other possible systematics

Peculiar velocities for low-z SNe
Contamination by Core collapse SNe for high-z SNe
Evolution of color-luminosity relation with redshift

Evolution of SNe with z : age of stellar population or
metallicity

@ Gravitational magnification

- about 200 different systematics (Sk)
identified.

- Conversion of those systematics into a
covariance matrix of SNe distance

. O
moduli (y¢;) Csys.ij = D4 %%(Ask)z
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SNLS -The SuperNova Legacy Survey
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SNLS : a nRolling Search

Each lunation (~18 nights) :
repeated observations
(every 3-4 night) of
2 fields in four bands (griz)+u
for as long as the fields stay

visible (~6 months)
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=> ~500 SN la identified :
(+ ~500 « phOtometrIC ») | . Julian Day—528:§ v )
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SNLS 3-yr analysis and combined constraints

. ~250 Supernovae at0.3<z< 1.1
- Two independent analyses (SN photometry,

photometric calibration, light curve fitters)

precise photometric calibration

. Improved supernova LC modeling (models trained on
t he SNLS data Y bluer part
constrained without using observer frame U)

Include host mass term
. Systematics included in the cosmology fit
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SNLS 3yr papers and data releases

4 primary papers :
Calibration : Regnault, Conley, Guy, Sullivan et al., A&A, 2009
SNLS SNe : Guy, Sullivan, Conley, Regnault et al., A&A 2010
SN only : Conley, Guy, Sullivan, Regnault et al. ,APJS 2010
Combined contours : Sullivan, Guy, Conley, Regnault et al., APJ 2011

+ few others : Perret et al. 2010, Sullivan et al 2010, ..

Data archive : https://tspace.library.utoronto.ca/snls/
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Hubble diagram

SNLS: 242 SNe
0.3<z<1
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LCDM SNLS only constraints [stat+syst]

Acceleration detected
at >99% CL including
systematic effects
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Combined SN sample

Sample Redshift range Ngpe Ref.

Llow-z  0.01-0.10 123 Hamuy (1996), Riess (1999), Jha (2006), Hicken (2009) ...
SDSS 0.06 - 0.4 03 Holzman (2009)

SNLS3 0.08 - 1.05 242 .

HST 0.7-14 14 Riess 2007

More systematic uncertainties for each survey:

@ calibration

@ survey incompleteness (Malmquist bias)
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June 4,

2012

Combined SN Hubble diagram

242 SNLS SNe la, 123 Low SNe la

93 SDSS SNe la, 14 HST SNe la
472 SNe la total

NAOC
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SN only constraints on w
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June 4, 2012

SN only constraints on w

w = -0.91705 (stat) 'y s (Syst)

+0.07

NAOC
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Which systematics are the most important
(SN only) ?

Description

Stat only

All systematics
Calibration

SN model

Peculiar velocities
Malmquist bias

non-la contamination
MW extinction correction
SN evolution

Host relation
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SNLS (stat. only) +WMAP7+BAO/DR7+H,

Statistical only
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SNLS+WMAP/7+BAO/DR7+H,  Fiat
w=-1.061+0.069

WMAP7 + ...

W, =0.269+0.015

Non-Flat:;

w=-1.069+0.001
W, =0.271+0.015

W, =- 0.002+0.006

Minus BAO:
w=-1.018+0.11:

SDSS DR7 LRGs

SDSS DR7 LRGs

02 03 04 05 1 02 03 04 0. ;
Q"l Sz"l QY"

Q,, =0.2590.049
-2.0 tww

Q, =0.001=0.015
0.2 0.3 0.4 0.5

2 Minus SNe:
Consistent with cosmological constant w=-1412+0.333
Error in w: <5% (stat) w/ flatness, ~7% w/ systematics [RAYEALZACEJA0LE
Error is <9%=0relaxedal ) when QASSERULEELUNS

In terms of w, adding BAO/DR7 reduces w error from 11% to 9%
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June 4, 2012

What to expect next
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Joint SDSS-SNLS analysis

SNLS data sample
I 5yr=450SNe | a + ~400 nphot ome
for which we are acquiring host spectra (VLT, .. AAT)

But systematics currently about equal to statistical uncertainty
=> need to improve (photometric calibration)

Ongoing joint SDSS-SNLS analysis

I Cross-calibrate (expected gain : ~2 in calib uncertainty)
I Joint LC training
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SNLS-SDSS cross-calibration

SNLS Tertiaries S82 stars
SDSS secondary stars

Calspec 3 solar analogs
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SNLS-SDSS cross-calibration

Combined precision of
better or = 0.5% In
the 4 bands

Overall uncertainty now dominated
by the uncertainty in the flux
reference
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