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Telescope Aperture vs. Focal
Plane Area

total CCD area [Megapix]

total area in 3m+ telescopes [m2]
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MegaCam at CFHT

 Built by CEA
 1 deg x 1 deg field
 40 x (2048 x 4612) chips

• ~ 400Megapixels
 good blue response

““Size matters Size matters …”…”

Anon.
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CFHT Legacy SurveyCFHT Legacy Survey
470 nights (dark-grey) over 5 years (2003-2008)

 SNLS (SNLS (““supernovaesupernovae””))
 4 deg², long time sequenced exposures
 202 nights

 Wide (Wide (““weak weak lensinglensing””))
 172 deg² in 3 patches

 Very Wide Very Wide ((““KBOKBO””))
 1300 deg², +-2 deg from ecliptic,
 short exposures
 Not completed

Hoekstra et al 2006
astro-ph/0511089
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SNLS in a nutshellSNLS in a nutshell
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 202 nights over 5 years  (part of CFHTLS)
 four 1 deg² fields

SNLS in a nutshellSNLS in a nutshell
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 202 nights over 5 years 202 nights over 5 years (part of CFHTLS)
 four 1 degfour 1 deg² ² fieldsfields
 queue scheduled queue scheduled obsobs, , 3-4 day temporal sampling3-4 day temporal sampling
 ggrriizz  filters (450-950nm)filters (450-950nm)
 spectroscopic spectroscopic followup followup (VLT, Gemini, Keck, Magellan)(VLT, Gemini, Keck, Magellan)
 2 independent search, photometry, cosmology pipelines
 >500 >500 SNeIaSNeIa  over 5 yrs with spectroscopic typeover 5 yrs with spectroscopic type

SNLS in a nutshellSNLS in a nutshell
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SNLS SNLS ––  multibandmultiband
 SNLS provides the definitive high-z SN

dataset for the next 5+ years. Multi-band
g’r’i’z’ photometry is the key:
 Wide z range 0.2-0.9
 Better control over systematics: SN colour

evolution
 Better control over dust: Extinction corrections

using rest-frame U-B & B-V
 Better control over k-corrections: wider

wavelength coverage
 Better estimates of rest-frame B-band

luminosities
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•2 pipelines
•Data stays in Hawaii,
remote real-time access
•90% agreement i’~24
•Short turnaround (6 hr to
spec candidates)

Two Search Pipelines (Ca, Fr)

K. Perrett
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>1700 since Aug 2003!>1700 since Aug 2003!

Detections

     04D2ca04D2ca
z=0.83 Mar 10z=0.83 Mar 10

ACSACS

  ~10-4 of total
Megacam area
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 D2
 Cosmos
 ACS

imaging
 ~7 x 7

arcsec +-

 Note
diversity



www.www.astroastro..uvicuvic.ca/~pritchet/SN/A580-2008-III..ca/~pritchet/SN/A580-2008-III.pdfpdf

Host ID – not trivial
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Rolling Search

 griz (redshift 0.2-0.9)
 2-3 day sampling restframe
 12 month observing
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Typical light-curves

z=0.36

z=0.91
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Spectroscopy

CFHT Gemini-N
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Follow-up Spectroscopy Follow-up Spectroscopy (types and (types and redshiftsredshifts))

Keck (~8 nights/yr)
Ellis /  Perlmutter

VLT (120 hr/yr)
France/UK:
FORS1/2 to get
types & redshifts
for SNe (0.3 < z <
0.8)

Gemini N & S
(120 hr/yr)
Canada/UK/US
GMOS to get
types/redshifts
for SNe (0.6 < z
< 0.9)

More 8-10m time than CFHT timeMore 8-10m time than CFHT time
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GeminiGemini  Acquisition image : 300s in i

Host
SN

Example 
i(AB)=24.0

45”
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Combined 2 x 4 frames (mosiaced)

SN
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Nod and Shuffle –
Gemini+GMOS

 High z at Gemini (nod and shuffle, overheads)

Long slit N & S
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Optimizing follow-up – SN
photo-z

 1000 candidates – how to prioritize for followup?
Defines success of survey.

 Photometric pre-selection. Fits early-time SN light-curves,
returns probability of the candidate being a SN Ia.

Sullivan et al
2005
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Ia/Ia*

54%

Not Ia

35%

Unidentified

11%

Ia/Ia*

79%

Not Ia

3%
Unidentified

18%

Gemini: success of SN photo-zGemini: success of SN photo-z
Before implementation:Before implementation:

Consistent with previouslyConsistent with previously
published rates:published rates:

––Lidman Lidman et al. (SCP): 50-62%et al. (SCP): 50-62%

––Matheson et al. (ESSENCE):Matheson et al. (ESSENCE):
44%44%

––Median z=0.5Median z=0.5

Using photo-z: ~70-80%Using photo-z: ~70-80%
confirmed as SNe confirmed as SNe Ia Ia atat
Gemini (median z=0.81)Gemini (median z=0.81)

Only 3% (1/38) Only 3% (1/38) non-Ianon-Ia
SNe when using photo-zSNe when using photo-z

Howell et al. (2005)
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N(z) to 2006 (N ~ 300)
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SNLS: Current and
projected numbers

Currently  >350
spec confirmed

SNe Ia

400-500 spec
confirmed SNeIa

by survey end

(>1000 total)
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Hubble Diagram - “How To …”

Redshift z=cΔλ/λ

Log apparent
brightness

Fake data!
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Hubble Diagram
“How To …”

Rest λ [Å]
4000

λobs=(1+z) λrest

SNIa
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Hubble Diagram “How To …”

Rest λ
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Hubble Diagram “How To …”

Rest λ

Flux calibration (low z vs high z)
K corrections
Light curve fit
Distance estimator

csMm
BBB

!""+"= #$µ )1(

s – “stretch” corrects for light-curve shape via α

c – B-V colour corrects for extinction (and
intrinsic variation) via β
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Distance estimator:
stretch and colour

 Distance estimator used:

 s, c terms dominate; no need for other terms

s s ––  ““stretchstretch”” corrects corrects
for light-curve shapefor light-curve shape

via via αα

““cc””  –– B-V colour corrects B-V colour corrects
for extinction (andfor extinction (and

intrinsic variation) via intrinsic variation) via ββ

csMm
BBB

!""+"= #$µ )1(
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First YearFirst Year Cosmology Cosmology
((Astier Astier et al. 2006)et al. 2006)

First year results (72 SNe
Ia) consistent with an
accelerating Universe:

ΩM=0.263 in a flat universe

Intrinsic disp.: 0.13 ± 0.02
Low-z: 0.15 ±0.02
SNLS: 0.12 ± 0.02

z’ errors – now
observing 3x longer

csMm
BB

!"µ +#+#= )1(
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Residuals by stretch

Expected LCS/brightness relationship is
seen

BLUE – nearby

BLACK – SNLS csMm
BB

!"µ +#+#= )1(
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Residuals by colour
No colour
correction

csMm
BB

!"µ +#+#= )1(
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 w = -1.02  w = -1.02 ± 0.09± 0.09

 N=71, one year, SNLS+low z only
 w to ~±0.05 by 2008 (why not +-0.03?)

Astier et al 2006
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WMAP3 constraints

 Spergel et al 2007

073.0

072.0
967.0w

+

!
!=

Assumptions: flat
universe, perturbations
in dark energy
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 2007 – prelim!
 ~230 out of 270

SNeIa, to Aug
2006

 Fit - w=-1

SNLS  3rd year analysis

Preliminary
Cuts:
Stretch 0.75<s<1.25
Colour
Light curve coverage

Intrinsic scatter:
   SNLS ±0.09
   Low z ±0.13
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Addressing systematics

 The control of systematics will define how
accurately w and especially dw/dz will be
determined

 Large sample size of SNLS will allow subsample
tests to investigate role of systematics

Largest systematics currently are:
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Systematics …

 ZP uncertainty   ±0.04 in w

 Improve mosaic uniformity to better than 1% (done)

 Tie calibration to CALSPEC standards (precise flux
standards)

 Tie low and high z SNe together on uniform
photometric system (SDSS-II)
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Systematics …

 k-corrections (Hsiao et al 2007)

 Based on 800 individual spectra (Suspect, etc)
 Ellis et al 2007 UV
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Systematics …

 Malmquist Bias  ±0.025 in w (Perrett 2007)
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Systematics …

 Redshift dependent population changes
• come back to - one of the potentially most important

astrophysical systematics

 Redshift evolution in SN properties
• Conley et al, Bronder et al …

 Selection by SN photo-z?
Sullivan et al 2005

•1000 candidates – how to prioritize
for followup? Defines success of
survey.
•Photometric pre-selection. Fits early-
time SN light-curves, returns
probability of the candidate being a
SN Ia.
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 Historical Background
 Supernova Cosmology
 SNLS
 Other SN Science
 Conclusions/Future
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SNe II as Standard Candles!
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SNe II as standard candles?

Hamuy 2003
astro-ph

Note models
show same
effect (though
offset).



www.www.astroastro..uvicuvic.ca/~pritchet/SN/A580-2008-III..ca/~pritchet/SN/A580-2008-III.pdfpdf

SNII Standard Candle
(Nugent et al. 2006)

 Keck spectra
 Scatter =0.26

mag
 Fe II correlated

with H
 Can be scaled

from other than
50 day epoch

[ ] 49.1753.0)(36.1
km/s 5000

V
69.6 50 !!!!"
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FutureFuture
 w = -1±0.06 (preliminary) from 3rd year data (N=230).

 Dark energy resembles pure cosmological constant (vacuum
energy).

 Most accurate estimate of w yet 

 ~400-500 SNeIa with spectroscopy by 2008, >1000 total

  3rd year analysis (2007), final analysis (2009)
 Possibility of first estimate of dw/dz (combine data with HST very

high z data set and SDSS z=0.2 sample)

 Calibration
• Current systematics are +-3%
• Improve to 1% ? (better k-corr, obs of Bohlin CALSPEC

standards with MegaCam)

 JDEM!
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dw/dz - preliminary …

Carlberg 2005
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More SNLS information
 http://legacy.http://legacy.astroastro..utorontoutoronto.ca/.ca/ - database (Perrett)
 www.www.cfhtcfht..hawaiihawaii.SNLS.SNLS  – people, papers, …


