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Fig. 1{ Preliminary analysisof our rst year of data
(solid contours) gives 0.79. The contours
(statistical only) are 68%, 95%, and 99%. Already
we are doing better than Knop et al. (2003) and
other recent ground-basedresults, with just one year

= o j??‘x(;(;g of data (when the survey was running at only 50%
05 ,f{)g;e\e‘a e ciency). For reference,the shadedarea shows the
expected results at surveyend in 2008; note the dra-
e forever matic improvement that can be expected with 700
of Expa SNela. More details, along with a Hubble diagram,
= Recollapses eventually can be found in X2.4 and Fig. 7.
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2. The Supernova Legacy Survey { SNLS

After only 18 months of operation, the Supernova Legacy Survey (SNLS) is the most successful
high-redshift supernova study in history, with more con rmed Type la supernovae (SNe la) and better light-
curve cadenceand Iter coveragethan ever previously achieved. We are on track to (i) spectroscopically
conrm 700 SNe la by 2008, and (ii) use these SNe to determine the nature of the Dark Energy driving
the accelerating expansionof the universe, via a measurementof the equation-of-state parameter, w. Such
a legacy-quality data set will also provide the control over systematics which will form the cornerstone of
third generation studies to determine changesof w with redshift.

Operationally, the SNLSis an extraordinary success.We are nding supernovaein the expected numbers, and
CFHT queue scheduledobservingis functioning well in providing our required time sampling. We have cre-
ated new, more e cient pipelinesfor real-time and nal data reduction, SN discovery follow-up spectroscopy,
SN typing, light-curve tting, and database manipulation. Our large allocation of VLT/Gemini/Keck spec-
troscopic time (averaging 140 hr per semester) continues for SNla identi cation. We exploit our new
techniguesto preselectlikely SNela ensuring the most e cient use of this time. Our rst cosmology paper
is ready to submit (preliminary 0.79); one paper is being refereed, and several other papers will be
submitted within 3 months. Additional follow-up programs are underway to leveragethe investment in this
survey and contribute to its continuing legacy value, including an intensive Keck spectroscopic rest-frame
UV study to understand progenitor metallicity, a study investigating the rst use of Type Il SNe as cosmo-
logical probes, and a Magellan near-IR program investigating the e ects of dust extinction on SNela. Three
Hubble Space Telescoge proposals have been submitted to extend these programs.

Severalchallengesremain for the SNLS. At z> 0.6 our cosmologicalanalysisis directly impacted by the signal-
to-noise in the z' Iter, and there are concernswith future shartening of Megacam runs and interruptions
due to MOS scheduling. We propose:
Exposure times in z' should be increasedby 6 hr per queue run per eld, for elds D1 and D4, for
the SNLS to achieveits stated goals at the highest redshifts. This can be accommodated by adding
a night at each end of the queuerun.
For optimal SN light curve sampling, MegaPrime run lengths need to be maintained at a minimum
of 17-18 nights, with MOS scheduling either discontinued, or moved to small blocks in the middle of
dark runs.
Our allocation requires modi cation acrossA and B semestersto accommodate the RA distribution
of our 4 elds, and (if approved) our extra observingtime in z' for elds D1 and D4.

Finally we askthe SAC/Board for a clear prioritization of CFHTLS componentsin the event that MegaPrime
observing e ciency continuesto be lower than expected.




SNLS 2

2.1 Supernovae, the Accelerating Universe, and Dark Energy

The discoveryof the acceleratingJniverseranksasoneof science'dandmak achievementin the
closingdecadef the 20th century Pioneeringsurveysof cosmologicallydistant Type la supernovae
(SNela; Riesset al. 1998, Perimutter et al. 1999) indicatedthe presenceof a new, unaccounted-fo
\dark energy" that opposesthe self-attraction of matter and causesthe expansionof the universe
to accelerate. When combinedwith observationsof the power spectrum of the cosmic microvave
backgrounde.g., Spergelet al. 2003), a consistentcosmologicaparadigmemerge®fa at Universe,
with 70% of its energycontainedin the form of this cosmicdark energy

Yet, the fundamentalphysicsunderpinningthis dominantenergycomponentis still largelyuncon-
strained. We know virtually nothing about the nature of dark energy{ thoughthearetical speculation
abounds. Furthermae, there exist fundamentalphysicaldi erences betweenvarious thearetical con-
jectures, any of which would have far-reachingimplicationsfor our understandingof the Universe.
The possibilitiescan be divided into three broad categaies. The rst, the classical\Cosmological
Constant" originally postulatedby Albert Einstein,is equivalentto a vacuumenergydensiy, constant
in time and space. The secondclassof thearies coversthe manyformulationsof quintessencenodels
(quintessencas a dynamicform of energywith negativepressurethat varies with both spaceand
time, modeledas a scala eld). A third possibiliyy is the existenceof somemore exotic physics,
perhapssignallingthat somemaodi cation to the theay of generalrelativity is required.

The observationaldenti cation or rejectionof any of theseclasse®f modelswould haveprofound
reverkerations throughout thearetical cosmology Distinguishingamong these possibilitiesis best
addressedy measuringthe averageequation-of-stateparameter of the dark energyhwi, de ned as
the ratio of pressureto densiy hwi = hp=i. A valueof hwi = 1 carespndsto vacuumenergy
Quintessencenodelsrequirehwi > 1, with most predictinghwi > 0:8 (e.g. Huterer and Turner
2001); valuesof hwi < 1 are the signatureof very exotic physics. Current measurement®f hwi
(Knop et al. 2003; Tonry et al. 2003; Riesset al. 2004) are consistentwith a very wide rangeof dark
energytheaies (seePeeblesand Ratra 2003, or Padmanabhar2004, for a review).

The challengeto observationakcosmologyoverthe next decadeis to placethe tightest possible
observationatonstraintson the valueof hwi, viaindependenttechniques.Although variousmeasures
of large-scalestructure canleadto a sepaate con rmation of the cosmicacceleration(e.g., Efstathiou
et al. 2002;Coleet al. 2005;Eisensteiret al. 2005), only SNela directly trace the expansiorhistary
without relyingon model-de@ndentassumptions With high-redshiftsamplescontaininghundredsof
con rmed supernovae,we will be ableto ansver the crucial questionfacing modern cosmology:"Is
the Dark Energysimply Einstein'sLambda?"

2.2 SNLS { The Supernova Legacy Survey

The importance of improving SN-baseddeterminationsof hwi to the point wherehwi = 1
andhwi = 0:8 modelscanbe di erentiated hasmotivated a \second-generation"of SN cosmology
studies(of which SNLSis the leadingexample): large multi-yea, multi-observatoy programsbene-
ting from major commitmentsof dedicatedtime. These\rolling seaches" nd andfollow hundreds
of high-redshift SNe over consecutivemonths of repeatedwide- eld imaging, with redshiftsand SN
type classi cationsfrom coordinated 8-10mtelesco follow-up spectroscop. The over-aching goal
is to derivea constrainton hwi by building an order-of-magnitudearger sample(i.e. 700 of SNe
in the redshiftrangez = 0:2 0:9, wherehwi is best measured. The 700 well-measuredSNe la,
togetherwith an \ prior knovnto 0:03 (i.e. 10%) from CFHTLS weak lensing,will allow us to
determinew to a statistical precisionof 0:07, distinguishingbetweenw > 0:8andw= 1lat3 .

The full ve-yea CFHT \SupernovalegacySurvey" (SNLS" 2) o cially beganin June 2003
(with pre-surveyfrom March 2003), and will provide the biggestimprovementin the determination

L' http:/ictht.ha waii.edu/SNLS/
2 Database at http://legacy .astro.utoronto.ca/
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of the dark energyparametersachievableoverthe next decade.(By way of compaison, ESSENCE,
scheduledo terminate in 2006, identies 1/4 the number of SNe per yea that SNLS produces.)
Beyond the current surveys future facilities (e.g. the Dark EnergyCamera)will not be availableuntil

around 2010. Pan-STARRS hasa simila timescale. LSST and the various candidates(e.g. SNAP)

for the proposedJoint Dark EnergyMission (JDEM) are on a still maore extendedtimeline (at least
2015) and, indeed, await con rmation of their funding. Furthermae, future ground-basedsurveys
(> 10® SNe) run the risk of being spectroscop-staved, placing fundamentallimits on the number

of con rmed candidates. Hence,SNLSwill provide the de nitive high-redshiftSNIa datasetfor at

leastthe next decade,with a lasting legacyevenbeyond this.

Table1 { SNLSFilter Mapping with Redshift

SNLSFilters IR Filters

z ¢ @ i 2]y B H
0.1{0.2| B V R I { { {
0.3{0.4| U B \ R I { {
0.5 U B V R R | {
0.6 { U B V R | {
0.7{0.8| { U B V V R I
0.9{1.0| { { U B V R I

a PANIC J and NICMOS F110M
b NICMOSF145M

The power of SNLScomesfrom both its wavelengthcoverageand the temporal cadenceof the
survey SNla Hubblediagramsare typically constructedusing SN luminositiesmeasuredat maximum
light in the rest-frameB -band,andthe observationatiata that makesup theseanalysesnust meettwo
requirements.The rst is a consistentrest-framewavelengthcoverageat all SN redshifts. Extinction
carectionsto the B-bandluminositiesare perfamed via compaisonsof the observedJ{B and B{V
SN coloursto thosedeterminedin extinction-freelocal SN samples.Samplingthe rest-frameB -band
at all SN redshifts,and measuringthe U{B and B{V coloursat as many redshiftsas possible clealy
requiresobservationovera wide wavelengthrange(seeTable 1); observationsn di erent lters are
all equallycritical in constructingHubblediagrams. The secondrequirementis that manyobservation
epochs must be spacedovera wide period in any givenmonth, sothat all SNeare sampledas close
to maximumlight as possible.Whenthe ts to the SN light-curvesare then made,the uncertainties
in determiningmaximumlight luminositiesare much reduced;the converseof courseis that missing
epochsresultsin poorer cosmologicatonstraints.

The designof SNLSful lls both the time and wavelengthrequirements. Observationsin g°,
r® i% and z° allow the sampling of rest-frame B, together with both U{B and B{V colours at
redshiftsz < 0:8 (but only U-B beyond z ' 0:9). Furthermae, our caefully designedsurvey
cadence(Appendix C) ensureghat the uncertaintiesin tting light-curvesare minimised,and that
the statistical erras in our analysesre at the samelevelas, or lessthan, the systematicuncertainties.
The SNLSdatasetitself will allow powerful tests on severabf thesekey systematicsasthe examples
in Appendix A illustrate. At surveyend, SNLSwill provide not only the discriminatingmeasurement
of dark energy but also a homogeneousSNIa dataset which will form the authaitative reference
samplefor decadedo come.

2.3 SNLS: From Detections to Cosmology

The SNLSis a demonstrablysuccessfusurvey Herewe outline the passagdrom raw data being
taken at CFHT, to our principal scienceproduct, the SN Hubble diagram.

. The Collaloration { The succesof SNLSis largely due to the strong SN teamsthat have
beenassembledn both Canadaand France. In Canadaactivity is concentratedat U. Toronto and
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U. Victoria, where 2 faculty, 6 PDFs (funded by an NSERCCRO grant), and severalstudentsare
located. Canadiansupport alsooriginatesfrom NSERCDiscoverygrants (to Calberg and Pritchet),
and CIAR support to Calberg. In France, 12 faculty/reseachersand 5 studentsare supported by
CNRS/IN2P3, CNRS/INSU and CEA. Other SNLS groupsare also active at Oxfard, UC Berkeley
and Lisbon. SNLSis managedby a Collaloration Board, headedby ReynaldPain (IN2P3, France).
MOU's havebeensignedto governthe interactionsof the principal partners in the collaboration®.

. Observationd SNLSobservationsare obtainedin queue-schedulethode by CFHT sta. See
Pritchet et al. (2005), Howell et al. (2005), and Appendix C for more details on the observations.
Our Phase2 observingplan is submitted eachmonth, and our detailed observationalrequirements
are revisedafter eachnight's observationon our SNLSObsdynamicweb page*. (SNLSwasthe rst
surveycomponentto adoptthis approach.) The queue-scheduledbservationdhaveworked extremely
well, thanksto a QueuedServiceObserving(QSO) Teamthat is veryrespnsiveto our requirements.
Our observationakadences presentedin AppendixC.

. Real-Time Data Reductionand candidate photometry { An overviewof the real-time data
reduction and candidate selectionprocessis given in Appendix F. The CanadianReal-Time Team
consistsof David Balam (U. Victoria) and Kathy Perrett (U. Toronto). The Frenchteam s a larger
group headedby Pierre Astier and DominiqueFouchez.Both groupsusethe Toronto databaseé.

CFHT pre-processe®ur data immediatelyafter acquisitionusingthe \Real-Time Elixir" pipeline
(which di ers from nal Elixir processingin that it usesthe previousmonth's ats and calitration
images). Within typically 5{10 minutesthe RT processeddata is transferredto our computersin
Waimea(which are accessedby X-windows sessions)Canadianand Frenchteamsindependently (1)
astrometricallyand photometricallyalign and combinethe newimages,(2) psfmatchthe combined
imagesso that the 1Q is matchedto a referencamage, (3) subtract the psfmatchedimagefrom the
referenceémage, and automatically seach for objectsthat havevaried, (4) visuallycon rm or reject
the objectsthat havevaried. Within 6 hoursof data arriving in Waimea,new candidateeventsare
loadedinto our databaseto be further screenedor spectroscopicfollow-up. Note that at all times
during this processCFHTLS data accesspolicies are respected: all data remainsat CFHT during
processing.

Generallythe lists of supernovacandidateshat emergefrom the Canadianand Frenchpipelines
agreeat the 90%levelto i°= 24:5. Our completenessestson the data indicatethat we are detecting
almostall supernovaeat i°<= 24 (seeAppendixE). In the future we will considerdroppingpart or
all of one of the detection pipelines,asthe operationshave becomequite routine.

Fig. 2 shaws an exampleof one of our detections,compaed with a serendipitousHST ACS
imageof the samesupernova. This indicatesthe basicquality of the psfmatchedsubtractionsin our
data, and the nature of the high redshift detectionsthat we are obtaining.

Photometry both for new candidates(automatically extendedback to ealier epochs) and for
pre-existingcandidatesjs measuredand real-timelight-curvesof all variable eventsare constructed.
This real-time photometry is completedin about 4 hours. Fig. 3 shavs someof our SNela light
curvesin the time interval March{Decemler 2004. The quality of this (real-time) photometry and
the epoch sampling,is excellent.

. Database{ An extensiverelational SQL databasé with a web-basedPHP front end hasbeen
designedand built for the surveyby the SNLSat the Universiyy of Toronto. All of the observational
and candidatedata (including all photometry and spectroscop) are easilymanagedfor the bene t
of rapid and accuratefollow-up observations.Basic candidateinformation is also publicly accessible
to the communily via our website. Internally the SNLS databasegreatly facilitates the organization
and formulation of scienti ¢ resultsin prepaation for publication.

. CandidateSelectionand Spectroscop { Spectroscop with 8{10 m classtelescosis essential
to obtain redshiftsand classifythe supernovae. We havebeenallocated more time for 8-10m spec-

3 See http://snls.in2p3.fr/p eople/snls-members.html for a full list of collaborators.
4 http://legacy .astro.utoronto.ca/SNLSObs/
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Fig. 2 { SN 04D2ca (z=0.83) on March 10, 2004. The montage of 3 panelson the left shovs SNLS observations
(left: Mar 10; middle: referenceepoch; right: dierence after psfmatching, showing the supernova). The righthand
panel shows an ACS image taken at about the same time; this clearly resolvesthe SNla from the host. This gure
illustrates just how well one can do from the ground with psfmatching.
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troscopy than for the CFHT imaging (per semester:VLT 60 hr, Gemini60 hr (30 Canada+ 20 UK
+ 10 USA), Keck 20 hr; cf. 130hr SNLSimagingat CFHT). For reference Canada'stotal available
time at Geminiis 162 hr this semester.Thesenumbersre ect only the spectroscopicclassi cation
time, and do not include the Keck (4 nights/yea) and Magellan (25 nights/yea) complementay
scienti ¢ follow-up time for other related programs.

We have also develogd new techniquesto make more e cient use of our spectroscopictime
(Howell et al. 2005, Basaet al. 2005). Usingthe real-time g% % %° photometry we are ableto predict
candidateredshift and phase{ as well as a probability that the candidateis a SNla { after only
2{3 epochs of CFHT data. Thesepredictionsallon usto schedulefollow-up time whena SN is at
maximumlight, while e ciently rejectingAGN, variable stars and SNell from our follow-up program.
The resultsare an overwhelmingsuccesssinceimplementationof this selectiontechnique(essentially
2004A), 80% of SNefollowed with Gemini(medianz = 0:81) havebeencon rmed as SNela.
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Fig. 3 { A sampleof real-time (not nal) SNla light curvesin (top{b ottom) ¢', r', andi' from 2004A to present. SNe
are always discoveredwell before maximum light (allowing follow-up spectroscopy to be performed when the candidate
is brightest), and are typically followed until severalweeks past maximum light. Most error bars are smaller than the
size of the points.

The redshiftdistribution of our SNeto dateis shavnin Fig. 5; this distribution is well-understad
in terms of our spectroscopicselectionfunction, coupledwith incompletenesat high z. Example
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Fig. 4 { Example Spectra of SNLS Type la SNe obtained during the 2003B/2004A spectroscopic observingcampaigns.
The light blue lines show the data after host galaxy subtraction (if necessay), rebinnedto 5A. Overplotted in dark blue
are smoothed versionsof the data, with best- tting SN la templates showvn underneath.
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Fig. 5 (left) { The redshift distribution of spectroscopically con rmed SNLS SNela. SNla? denotesthose SNe with
a lesscertain classi cation from their optical spectroscopy. The solid line overplotted is the expected N(Z) basedon
our seach and spectroscopic e ciencies. The decline to high-redshift is a product of a more expensive spectroscopic

observation as the SNe appear fainter.

Fig. 6 (right) { The cumulative number of SN discoveredby SNLS to December 2004; the inset shows the distribution

extrapolated to the survey mid-point. About 700 spectroscopically con rmed SNela are expected by survey end in

2008.
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spectra are shavn in Fig. 4. Gemini, with its Nod & Shu e sky elimination, plays a pivotal role
in the highest-redshiftscience whereasthe VLT, with its relatively low overheadsjs used(though
not exclusively)or low-intermediatez objects. SeeHowell et al. (2005) for more information on the

spectroscop.

Final Photometry and Cosmology{ Independent nal photometry calikration, and cosmology
pipelinesare operationalin Canadaand France. Both groupsmaintain closecontact, but the algo-
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rithmic and operational sepaation of these complexanalysess viewed as one of the strengths of
our collaboration. Fluxeshave beencompaed and are in good agreement. We expect to maintain
sepaate calibration and analysispipelinesfor the foreseeablduture. Details of the French pipeline
are in Astier et al. (2005); the Canadianpipeline will be descriled in a paper to be submitted in
May-June 2005.

2.4 Current Status and First Results

Observational Status

As of Felruary 2005, a total of 750 candidatesupernovaehave beendetectedin SNLS. Of
these, 162 havebeencon rmed spectroscopicallyasde nite or probableSNela, with 40 care collapse
SNeof varioustypes. An extrapolation to the future can be found in Fig. 6.

Our observationalstrategy at CFHT has proven reasonablysuccessful. In the past semester
(2004B) we obtained89% of our open-shutterallocation, with appropriate time samplingand multi-
Iter coverage. (This looks more impressivethan it really is, for reasonsdiscussedn x2.5.) Our
relative succesqthat is, relativeto the Wide/Very-WideLS Surveys,which achieved 56=50% of
their allocatedtime) can be understad in terms of: (i) the time-critical nature of our observations,
(i) the pressureof 8m telescosthat lie waiting for suitable SN candidates (iii) the fact that SAC
gaveus priority, and (iv) the fact that the Wide LS Surveyadopteda deliberate\go slon" policy up
until late 2004B becauseof 1Q concerns.

One concernis the depth of the z' exposures this is discussedn x2.5. The readeris referredto
Appendix E for a discussiorof image quality and its e ects on SNLS, and to Appendix D for more
on calibration issues.

Publications and Work in Progress

Now that the immensetask of building next-generatiordata reductionpipelinesis completeand
daily operationsare now routine, we are making the transition to the scienti ¢ publication phase
of the project. Our rst paper® (Howell et al. 2005) was submitted in Felruary 2005; this paper
coversGeminispectroscoy and new techniquesfor spectroscopicfollow-up and classi cation. Our
rst cosmologypaper® hasgonethrough severaldrafts, and is about to be submitted. A preliminay
Hubblediagramfrom our rst 60 SNe(semester22003B{2004A)from this paper is shovn in Fig.
7. Severalother papersare in prepaation; theseinclude:

{ photometrictyping and redshifts(led by Sullivan)

{ VLT spectroscop (Basaet al. 2005)

{ Keckspectroscop at intermediatez (with Ellis and collaborators)
{ cosmologyil (led by Howell and Sullivan)

SeeAppendixB for mare on other follow-up projectsand work in progress,and Appendix A for more
on projectsrelatedto SN systematics.

2.5 SNLS { Future Prospects and Planning

There are a number of issueghat face SNLS;almostall of theseconcernthe allocation of time.

Validated exposuresfor SNLSin 2004B amountedto 89% of our allocated open shutter time.
This looks impressive,but pressureis being exertedby the W and VW components of the LS to
\spread the pain" { to reduceour proportion of the LS \agency" time so that we eachget about
the samefraction (70%) of data requestedin our highestpriority queue. We were able to accom-
modate this requestin 2005A becauseour A semestemrequirementsare about 20% lower than B
semesterjn addition almostall u observationsvere movedto the lower priority queue.We cannot
accommodate such a request in semester 2005B without a radical descoping of the SNLS
survey.

5 The latest versionsof our papers can be found at http://snls.in2p3.fr/conf.
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SNLS 1st year - Preliminary
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Fig. 7 { Our preliminary Hubble diagram, constructed from SNe observedfrom the start of the survey up to July
2004. SeeAstier et al. (2005) for details.

SNLSis at a critical juncture. We are now the leadinghigh-redshiftsupernovasurvey(cf. SNLS
{ 160SNIlain 1.5yr, with 3.5yr to go,vs. ESSENCE 80 SNelain 3 yr, with 2 yr to go) { there
appeas to be no current or plannedsurveythat can surpassour sciencebefae at least 2010. We
have made great progressin putting together a superb scienceteam, and are closeto our required
observingime; furthermae, we are rapidly convergingon our sciencegoals. Our successs recognized
by the very large allocation of 8{10m spectroscop time awarded for SN follow-up.

Our successs despitethe fact that our surveyallocation (132 hr per semesterpr 1318hr over5
yeas) is somel3%lessthan we originally requested1488hr), with a further 10%cut if overheadsre
included. To compensate ,we havealreadydecreasedll our exposuretimesby  10% and eliminated
two g° epochs per queuerun (though we will reinstate one of theseg® exposures). Our estimated5
yea haul of usefulspectroscopicallycon rmed SNela hasdropped from 1000to 700, at least partly
becauseof limited 8m follow-up resourcesand partly becausewe are selectivein terms of S/IN and
phasecoveragebefae we submita candidatefor spectroscopy. Further decreasingur allocation now
would jeopadizethe future allocation of 8-10mspectroscopidime, and sendan undesirablenessage
that couldleadto competitive proposalson other telescogs{ SNLSwould loseits dominantposition
asthe world-leaderin this eld.

The case for z° data

We havea critical needto increaseour observingtime in z°. MegaPrimehas provedto be less
sensitivein z° than was hoped, and as a resultthe S/N in the supernovaz® observationss typically
lower by a factor of 3{4 than it isin i% Thus, the z° observationsare always the limiting factor in
any colour determination.

The most seriousproblemis at z > 0:8, where1/4 of our SNeare found. Herez® carespndsto
restframeB -band, our primary cosmologicallter. At z = 0:9, the typicali® erra is 0.03, while the
typicalz® errar is 0.1. The e ect of poor z° data is doubledat theseredshiftsbecauseboth the colour
determination (rest U{B) and the B -band lightcurve are poorly measured. Thus our cosmological
erras at z > 0:8 are dominatedby z° perfaomance,and evenat z = 0:6  0:7 our cosmologicalts
are a ected by the S/N in the z° band. An increasen z° time will directly improve our cosmological
results.

Furthermae, high quality z° observationsre requiredat everyredshift(seeTablel). At z < 0:8,
z° observationsprovide the secondcolour that constrainsour systematicerrass, lengtheningthe
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wavelengthbaselineusedto make reddeningcorrections. The z° Iter carespndsto the V band
at redshift’ 0:7, and henceis essentialfor the determinationof E(B{V) for the highestredshift
supernovae.

Simplydoublingthe z° exposuretime per epoch is not a good option for logisticalreasons.This
would increasethe sizeof the observingblocks from 3 hr to over4 hr { theseblocks are di cult for
CFHT to scheduleand elds are often not observabldor this length of time.

Instead,we proposea more logisticallyfeasible,and much more scienti cally bene cial solution.
For two of our elds, we requestthat Megacamruns be lengthenedin bright time by one night at
the beginningand end of a queuerun, for z° only observations During this time we would observe
each eld for 3 hoursin z% Other Megacamz® observationsvould Il out the restof the scheduleon
those nights (z° is barely a ected by the moon). Then for the middle three epochs we would obtain
our current one-hourexposuresin z° This plan strikes a balancebetween frequenttime sampling,
whichis necessg to measuremaximumlight, andthe needfor deepexposureso enablea reasonable
colour measurement.

We preferto concentrateour extra time in 2 elds rather than have marginal data in 4 elds;

there are, in addition, many high redshift candidatesin 2 elds. Again note that the proposalis to
obtain this additional z° time by lengtheningthe queuerunswhenD1/D4 are visible.

L B e e e L N L L N e e L B L N E S s S S B S B

e NN,
0.2 0.25 0.3 0.35 0.4

Qm Wo a

Fig. 8(a) (Left) { The predicted error ellipsesfor w vs. \y for various observing scenaios. Orange { the rst yea
of SNLS data; blue { 5 years of data with the current observing strategy; and green{ 5 years of data with the new
observing proposal (extra z' observing for 2 elds starting in 2005B). All contours are 90th percentile. The contours
crossing nearly diagonally are from SNLS alone; the lled regions nea the centre include the e ect of a prior on
from weak lensing. The expandedz' observing scheme(green) gives about a 20% improvement in the determination
of w. Also note the dramatic improvement in going from our rst yea of data to the full survey of 700 SNela.

(b) (Middle) { Contours of w vs. its logarithmic rst time derivative wl (where w = w0 + w1l log(1+z) + ...). Adding
extra z shows signi cant improvement in our ability to discriminate time variable models of w, and it is interesting to
note how much steeper these contours are than the CFHTLS Wide contours { i.e. combining the two surveyshas the
potential to give a meaningful constraint on wl (even though this is not the primary goal of SNLS). The meaning of
coloursis asin (a).
(c) (Right) { Discrimination of Chaplygin gas model (varying w) cosmology (Bento et al. 2002) parameters A and
. A pure cosmological constant model corresponds to A=0.7 and =0. Eventhough SNLS has a limited capability
to measurethe variation of w, the expandedz' observing plan may still allow a meaningful constraint on this popular
model. The meaning of coloursis asin (a).

Adding z° data would havea clea and dramatic scienti ¢ impact:

Better extinction corrections, and better control overour largest sourceof systematicuncer-
tainty: possiblevariationsin the reddeninglaw.

Better constraints on w. Fig. 8(a) demonstrateghe improvementin the determinationof w
from our proposedz® observingplan.
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More SNe. With deepz® data we could observeSNe out to z = 1, resultingin more SNela
(also valuablefor constrainingvariable w models). We currently discovermany SNeat z = 1
but do not follow them becauseof the limitations in the z° data.

Time-variable w? Fig 8(b) shavs how much better we do in determiningthe rst derivativeof

w with the expandedz® survey Fig. 8(c) shavsthe e ect of our ability to constrainthe leading
varying-w model, the Chaplygingasmodel (e.g. Bento et al. 2002), with more z° observations.
(Measuringthe time-vaiation of w properly requiresSNe beyond redshift 1. Neverthelesst is

interestingto note that SNLSmay havesomeimpact in this area.)

Improved legacy value of the Deep survey data. Galaxyevolutionstudiesand photometric
redshifts require this deep z® data to detect the highestredshift sources,which are of great
interest. A calculationby Soucailand Pello (CFHTLS Deep) demonstratesthat exposuresas
long as those contemplatedare necessy for the detectionof objectsat redshifts6{10.

Synergy with WIRCAM. Thereis a plannedJHK surveyof the Deep elds with WIRCAM. z°
data is complementay to NIR data, and muchmore e cient to obtain, asMegacamhas9 times
the area of WIRCAM, and the sky is darker in z° than J or Y. Deeper z° meansbetter data
with which to look for z band dropouts with WIRCAM.

We havechosenelds D1 and D4 for this enhancedz® data. D4 is an obviouschoicebecausehe
wide component of the surveydoesnot observeduring this time. D1 is alsoa natural choicebecause
the two elds overlapfor at least3 hoursa night (so D1 and D4 can shae the extra addednights)
for about 2.5 months. Furthermae, during the observingseasondor these elds, the summerand
fall months, the weatheris better at Mauna Kea, so the pressureon the queueis lessened.

This time would be addedto the legacy survey allocation, becauseit is adding time when
Megacamwould not normally be on the telesco. It doesnot compete with other legacyprograms.
On the contrary, it enhancedegacyprogramsby providing a longer Megacamrun. This does take
time away from what would normally be PI1 time usinginstrumentsother than Megacam. Sincethe Pl
time is only oversubscribd by a factor of 2, we feelthat the scienti ¢ gain justi es this redistribution
of resources.

The proposalwe haveoutlinedis a uniqueopportunity to enhancehe dominantscienceposition
of the legacysurveyand increasethe impact and visibility of sciencedoneat CFHT. The cost{ an
additional few hours of 3.6m time per queuerun for half of the yea { is marginal compaed to the
xed costsof the survey:acquiring8m time, paying postdacs and students,and buying hardware. If
the enhancedz® programis not granted,the Deep/SNLScomponent of the CFHTLS can continueto
produce world-leadingscienceat its current pace. However, an opportunity to fully exploit the large
commitmentof resourcego the program, while deegeningits legacyvalue,will be squandered.

Are there any options for descoping the survey?

. Filters and Time Sampling{ Our time samplingis alreadycoaserthan our initial request. We
cannotcut more epochsfrom our light curvesasthis would havea direct impact on the accuracy
of our light-curve ts and hencea direct impact on the precisionof our derived cosmological
constraints. Filter coverageis likewiseessential(see Table 1); we already have the absolute
minimum exposuretime in g% %° by cutting 5 min out of eachr® epoch, and 1 hr from our i°
allocation eachqueuerun. It is not possibleto cut more time and still achieveour sciencegoals;
z% in fact requiresmore time (seeabove).

DroppingFields{ Droppingoneof our four elds may be consideredan option, but our program
has already been cut from its original designto the point that it now just achievesits goals
with little room for errar. Sucha cut would endangerthe large investmentof time madein the
project by both the CFHT and 8{10m-classtelescos. Droppinga eld reduceshe number of
supernovaeby 25%. Previouscuts havealreadyreducedthe number of supernovaefor which we
can usefullyobtain spectroscop.

Furthermae, droppinga eld would reducethe number of SNediscovereger month to below the
critical rate neededfor many scienti ¢ investigations. For example,for our proposedNICMOS
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observationson HST we are targeting SNe nea maximum light at 0:4 < z < 0:8. These
observationsnust be prescheduledsothat whenit istime to observea target we must guaantee
that we havetargetsthat are at the right phase,in the right redshift range, with spectroscopic
con rmation, and meetingthe requirementof HST 2-gyro mode. We havejust enoughSNeat

the currentrate to make this planfeasible{ droppinga eld would meanthat the wholeproject

becomesmpossible. The sameargumentis true of the MagellanIR time: removinga eld would

make the studiesof our largestsystematice ect | dust extinction| impossible.

Suchcuts havean extremelynegativeimpact on the standingof SNLSamongst8-10mtelescoe
TACs, who will be reluctantto continuetheir currently generoussupport to a de-scogd survey

. Lengtheningthe Survey{ The expenseof lengtheningSNLS is untenablefrom the Canadian
and Frenchsides. Canadianfunding runs out in 2007; while a small add-onreneval could be
consideredijt is not possiblefor this to extendto 2010. SNLS nal resultsneedto appea in a
2008-09time-frameto be competitive. Most important, the likelihood of extendingour 8-10m
spectroscop allocationis low. If the entire CFHTLS s lengthened then we would askthat our
observationsbe completedon a shater timescale,as above.

Our proposal is as follows: We request185hr/ 121 hr in semester2005B and 2006A. In 2008B
we proposeto ramp down, observingonly D1 and D4. Our completerequestis as follows.

Current Extra z
Semester Allocation in D1/D4

2005B 129 hr 185 hr
2006A 118 hr 121 hr
2006B 128 hr 183 hr
2007A 110 hr 117 hr
2007B 143 hr 202 hr
2008A 110 hr 120 hr
2008B 108 hr 163 hr

This requestis for g% 4%° observationsonly, with r%° maintainedat their current (reduced)levels,
oneextra epoch of g° (19 min per queuerun), and z° asdescriled in the table headings(the current
z%is3 1 hr perqueuerun in each eld , whereaghe extraallocationis 6 hr per eld for 2 elds only,
with roughly 5 monthsvisibility per eld). u is pat of the Deepsurveyand shouldbe considered
sepaately.

Finally, we again emphasizehat SNLS cannot accommalate the \spreadthe pain" appoach
amongLS componentsif the queuee ciency is lessthan hoped. We need a clear prioritization of
LS components by the SAC/Boa rd.

Scheduling Issues

The following issues which directly impact the succesf SNLS, alsoneedto be consideredoy the
SAC and Board.

1. The danger of 14 Night MegaPrime Queue Runs{ The initial CFHTLSallocation of 474
nights 6.5 hr/night = 3081hr over5 yeas carespndsto 8.6 nights per queuerun (assumingthe
currentlymandated6 hr/night includingweather). At presentqueuerunsare about 17{18 nightslong.
Pressureon bright time from newinstruments(WIRCamand Espadons)anddecreasingressurgrom
PI time on MegaPrime,couldleadto a shatening of thesequeuerunsto 14 nightsor evenless. While
the CFHTLS allocation of time (8.6 nights) is in somesenséassured", 14 night queueruns havea
dramatic impact on the samplingof our SNIalight curves,resultingin ~ 1=3 more light curveswith
unacceptablets to maximumlight.

Thereis no immediatesolutionto this problem, which we feel arisesbecausehe TACsrank Pl
proposalsagainsteachother, and do not considerthe relative merit of theseproposalsagainstthe LS
(whichis treated asa sepaate agency). TACsshouldimplicitly rank all Pl proposalsin eachsemester
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againstSNLS and other LS programs. The SAC proposal (2004 May) to requirea CFHTLS report
to the TACson observingrequirementsand scienti ¢ goalsis oneway to enhancethe visibility of the
CFHTLSto the TACs.

2. MOS/SIS Scheduling { MOS/SIS runs occur in dark time, and are extremelydisruptive
to SN light curve sampling. For example,this March we will losealmostall of our SNe (as well as
somefrom Felruary and April) becauseof a 10 night MOS run. Three previouslyscheduledviagellan
nights and one Keck night have beencomgromised,and our collaborative arrangementswith other
institutions have beenstrainedas a result.

We urgethat TACskeepin mind the impactof MOS observingvhenranking Pl proposalsrelative
to SNLS{ the e ect is catastrophic.If MOS must be scheduledyve askthat it be scheduledn blocks
of no more than 4 nights with MegaPrimesandwichedn either side,to maintain the integrity of the
light-curves.

3. Unequal A and B Semester Requests{ We havealreadypointedout that our requirements
for A and B semestersan be about 10-15%di erent (the exactamount varies from yea to yea
depending on the phasingof the moon with the semesterboundaies). We ask that this be taken
into accountin our allocation.

2.6 Summary

SNLS has made enamous stridesforward in the past yea: teamsare in place, detection and
analysispipelinesare running smaoothly, and our rst papersour being submitted. SNLSis poisedto
achieveall of its stated goalsand provide perhapsthe most compelling measurementf dark energy
achievableoverthe next decade,aswell asa SN datasetof true legacyvalue.

However, SNLSrequiresits full allocation of time in order to function. Without this time, the
surveylosedits scienti ¢ promiseandlegacyvalue. With anincreasan observingime overour current
allocation, SNLS will buttressits care scienti ¢ goals, paticularly by reducingand understanding
systematicerras, and will solidify the legacyof CFHT.
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Appendix A { Controlling SN Systematics with SNLS

With the number of Type la supernovaeexpectedin the SNLS, we will beat down statistical
erras to the point that systematice ects dominatethe erra budget. Therefae we haveundertalen
severalextensiveprojects (someof which are complementay followup programs)to chaacterizeand
control systematicerras. To do this we havepartneredwith otherinstitutions to bring more telescog
time to bea on this issueand enhancethe legacyvalue of the data:

. Dust extinction: Multi-colour lightcurves{ To date there are lessthan 30 publishedhigh redshift
SNela with a singlewell-measuredtolour at peak (and nonewith two colours). The SNLSwill
increasethe number of supernovaewith a well measuredcolourto 700, and provide two-colour
information for most SNeat z < 0:8 (seeTablel). This will allow usto investigateand possibly
break the degeneracyetweendust and SN intrinsic colour.

Dust extinction: IR data { Additional control over extinction can be achievedby moving to
longerwavelengths.Dust extinction is a factor of 3 lessin | thanin B. We havepatnered
with Carnegie(Pl: Freedman)to obtain PANIC Y and J-bandimagingon Magellanto build the
rst high-redshiftrestframel -band Hubble diagramusing SNLS data. We plan to extendthis
work to higherredshiftswith our recentlysubmittedHST NICMOS proposal (Perlmutter et al.).
The longerwavelengthbaseline and additional colour, will allow usto test the evolutionof the
properties of the reddeninglaw with redshift.

. Dust extinction and evolutiontest: High-statisticssubsample§ A recent SCP study (Sullivan
et al. 2003) divided high-redshiftSNe from the SupernovaCosmologyProject into subsamples
basedon host galaxymorphology This is animportant rst test of evolutionay and dust e ects
that will dier in di erent host galaxy environments. The large SNLS samplewill allow us to
perfam suchtests with much better statistics and in much more detail. As in Sullivanet al.,
the narrow galaxyemissiorand absaption linesdetectablewith 8-10mtelescof spectroscopy of
SN+host providevaluableconstraintson host galaxystella populations. We havealsosubmitted
an HST ACS snapshotproposalto imagehost galaxiesto aid in the morphologicalclassi cation
of our supernovae.

. Testsfor spectroscopicevolution{ Folatelli et al. (2004) havemadequantitative measurements
of spectroscopicfeaturesin a sampleof low-redshift Type la supernovae,and havefound carre-
lations between certain featuresand SN luminosit. Usingour Gemini, VLT and Keck spectra,
we are extendingthis work over a wide rangeof redshiftsto test for evolutionin the properties
of SNela. Thesetests are well advancedfor the Geminidataset(Bronder et al. in prep).

. Harnessingthe power of the ultraviolet { SNeare the least-vell understad in the restframeUV,
yet the determinationof the epoch of decelerationRiesset al. 2004)reliesdirectly on measuring
the rest-UV propertiesof SNeat very high redshift(z > 1). Ellis et al. are usingKeckto obtain
the highest-eversignal-to-noisespectra of intermediateredshift SNLS SNe, both to checkfor
spectral evolution,and to test for variationsin the restframeUV propertiesof SNela in di erent
metallicity environments.Improved understandingof the spectral energydistribution in the UV
improvesthe k-carrections,which leadsto a directimprovementin cosmology Theseresultswill
be publishedin a seriesof papers,the rst of whichwill be submittedthis spring. Note that UV
systematicscan alsobe studiedusingg® and r© observationf higher redshift objects.
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Fig. 9 { The preliminary Hubble diagram for high-redshift Type Il Supernovae. This is the rst such diagram to be
constructed for high-redshift SN IIP. Additional objects with spectroscopy are in hand to add to this diagram.

. IndependentSN Type Il cosmology{ The ultimate test of Type la systematicds to useanother
type of supernovaeto verify the cosmologicalresult. Nugent et al. have improved upon the
Hamuy & Pinto (2003) methad of deriving distancesfor Type Il supernovaeso that they can
be usedat intermediateredshifts. They havealsoobtainedspectra of SNLS Type Il supernovae
with Keck, and, when combinedwith SNLS lightcurves,these measurementgrovide the rst
checkof cosmologywith Type Il SNe (Fig. 9). This gure (Nugent et al. 2005) is the rst
ever Hubble diagram constructedfrom Type IIP supernovae,and is an outstandingexampleof
SNLSfollowup science.The current scatter in the IIP methad is about equivalentto wherelas
were a few yeas ago, so the [IPs certainly will be ableto provide a consistencycheckon the la
conclusions.We are the only surveyableto do this and our revisedmethad is quite feasibleto
z=0.5. A rst paper on this resultis pendingsubmission.
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Appendix B { Papers and Projects

This sectionis to give the readera avour of the depth and breadth of reseach undervay or
plannedwith the SNLSdatabase. As can be seen,the opportunities are truly enamous, especially
now that all the reductionsoftware is in placeand running smaoothly and reliably

B.1 Projects Underway

Papers Submitted

Geminispectroscopy / new spectroscopictechniques(Howell)
The SupernovaAdaptive Lightcurve Template (SALT) Method (Guy)

Draft Papers

First yea cosmology(Astier)
SN photo-z (Sullivan)
VLT spectroscop (Basa)

Papers In Preparation

Cosmologywith Type Il SNe (with Nugentet al. )
SN la rates (Neill)

UV Propertiesof SNela (with Elliset al. )
High-z SN photometry (Fablro)

Work In Progress

I-band Hubble diagram (with Freedmanet al. )
Photometrictyping of SNefrom colours(D'Angelo)
SNLSCanadianReal Time pipeline (Perrett/Balam)
SNLSFrenchReal Time pipeline (Fouchez)
Calilration (Regnault)

PathologicalSNe (Balland)

Host galaxyreddening(Mourao)

PhD Theses

Spectroscopicfeature analysisof Geminidata (Bronder)

Analysisof 1st SNLSSNe (Guide)

Spectro/photo ID or SN usingVLT data (Baumont)

Host galaxyand evolutionstudy using VLT data (Filliol)

O ine detection(Lusset)

SN detectione ciencies and biases(Rippoche)

Cosmologicahnalysisof non-spectroscopicallycon rmed SNe (Arsenijevic)
Next-generationk-carections (Hsiao)

Cluster SNe (Graham)

Referenceso conferenceproceedingstalks, and other notescan be found at
http://snls.in2p3.fr/conf
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B.2 Other SNLS or Followup Projects

In addition to the constraintson systematicspresentedin Appendix A, there are a wide variety of
scienceprojects possiblewith the legacy-classlata set provided by the SNLS.

SN la rates. SN la ratesmeasurethe \delay time," the time betweenstar formation and SN
explosion,and are one of the most powerful methads of constrainingprogenita models. Since
our surveyis \always on," the calculation of the control time is more straightfarward than for
limited epoch seaches. The largest number of SNe currently usedin a singlerate calculation
in the literature is 38. By the end of the survey we will beat this in raw statistics by a factor
of 20, and can measurethe evolution of the SN Ila rate with redshift. Work on our rst rate
determination(alreadythe most accurateevermeasured)is undervay.

Type |l rates. The Type Il SN rate is an important constrainton stella and galacticevolution,
and is an independentway to measurethe cosmicstar formation histary. The Type |l rate at
z > 0:1 is essentiallyunknovn. We will providethe rst seriousmeasurementsingour recently
acquiredKPNO 4m Hydra spectroscopy of the host galaxiesof Type Il SNe.

Type la progenitors. SNe la shav di erent properties depending on their host galaxy types
(Hamuy et al. 2000, Howell 2001a). By measuringSN rates and properties grouped by host
galaxytype we can constrainprogenita models.

\Hostless SNe." A few percentof SNe la found in the SNLS (evenat lower redshifts) have
no appaent hosts. Thesemay be from the intergalactic population of stars stripped from their
hosts, or they may arisein low surfacebrightnessgalaxies.With the deepstackswe createfrom
repeat imagingwe will be ableto determinewhich uniquepopulationgivesriseto theseSNeand
investigatetheir propertiesasa group.

SN Ib/c-GRB connection. SNelb/c are known to be assaiated with gamma-rg bursts, yet

remain the the poorest studied of all SNe. Only a few SNe Ib/c have publishedlightcurves.
For example,the fraction of SNelb/c that are hypernovaeis unknovn, and may be relatedto

geometrica ects. We will have the largest sampleever collected of well-measuredSNe Ib/c

lightcurves. Someof our SN Ib/c SNe are being observedat radio wavelengthsfor a possible
GRB afterglon (Gal-Yam et al. 2005).

The properties of dust. Almostnothingis known about the propertiesof dust at high redshift.
There are some hints that the reddeninglaw determinedfrom high redshift SNe la may be
di erent than that determinedfrom stars in the Milky Way. Multicolour information on our SNe
will allow usto sepaate intrinsic colour variations of SNefrom reddeningcausedby dust.

Epoch of cosmic deceleration. Recentresultson the epoch of cosmicacceleration(Riesset
al. 2004) usingSNeat z > 1 strongly depend on assumptionsabout the highly uncertain UV
propertiesof SNela. By providing the largestdata set everacquiredon the rest-UV properties
of SNela we will investigatepossiblesystematice ects assaiated with theseresults.

la intrinsic scatter. Much of thethe = 0:17 intrinsic scatterfor Type la supernovae(Phillips
1999), may be dueto the variable quality of the data, which was taken on di erent telescos
with dierent Iter sets. With our homgeneousamplewe will be able to measurethe true
intrinsic dispersion of SNe la as standad candles,and possibly nd secondparametersthat
improve thier useas standad candles.

la explosion mechanism. There is considerablelebatein the thearetical SN community over
whetherSNela havesubsonicames (de agration) or whetherthey start subsonicallyand have
a transition to a detonation. Determiningthe propertiesof SNewith elementsat v > 30000km
s 1 will constrainthe thearetical models.

Velocity gradients. Benetti et al. (2005) have shavn that SNe la can be grouped into three
distinct classedasedon the rate of changeof the velccity of the Sill feature. For the subest of
our SNewith multiple spectra we cantest and extendthis work.

Unigue SNe. Everyyea certain exotic SNe la are discoveredvhich give newinsightsinto SN
physics. Such SNe are rare (a few percent of all SNe la), but many will be discoveredover
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the lifetime of the SNLS. One such object alreadydiscovered(SNLS-03D3bb)has no known
counterpat at low redshift.

High-stretch SN la diversity. SNe with slowver-declininglightcurvesare lesshomogeneous
than SNe with averagelightcurves. Such SNe can appea spectroscopicallynormal, or like one
of severalspectroscopicallypeculia SNe: SN 1991T, SN 1999aa,SNLS-03D3bb SN 20013, or
SN 2002ic. We will study the properties of these SNe, test the assertionthat they are seenin
lower numbers at high redshift (Li et al. 2000), and examinethe proposition that they come
from a di erent set of progenitas.

The luminosity fuction of core-collapse SNe. The luminosily function of core-collapseSNe
is very poorly understad, rangingfrom SN 1923AMg = 135to SN 1999asMg = 217,
Richadsonet al. 2002). With a controlled sampleof core collapseSNe we can construct the
rst realisticluminosily function and determinethe fraction of eventsthat are hypernovae.

The risetime of SNe la. Riesset al. (1999) suggestedhat the risetimesof SNela may di er
at high and low redshift. Aldering, Knop, & Nugent (2001) dispute this. Very few SNela in
the literature haveealy data, but we haveinformation from the rising part of the light curvefor
almostall of the SNLS SNe, and almost half are discoveredwithin a few days of explosion.

CMAGIC. One new methad for doing cosmologywith SNela, CMAGIC (Wang et al. 2003a),
seemdo reduceerras assaiatedwith reddeningput requiresmulticolour lightcurves14-28days
past maximumlight, somethingverydi cult to do befae the SNLS.

Cluster SN rate. Thereare about 8-10 clustersalongthe line of sightin eachdeep eld. Work
is alreadyundervay to sepaate cluster SNefrom eld SNeand determineif the cluster SN rate
is higheras suggestedy Gal-Yam et al. (2002).

Progenitor C/O ratio. Hoeich et al. (1998) has suggestedthat the ratio of the SN la
luminosity at peak compaed to a point on the tail of the lightcurveis an indicata of the C/O
ratio of the white dwarf. This is easyto test with our well-sampledightcurves.

SN la intrinsic colours. The intrinsic coloursof SNela are keyfor reddeningcarections,but are
not known perfectly duepartially to the smallsamplesizeof SNewith well-measuredightcurves
and good reddeningestimates. Phillips (1999) has suggestedhat all SNe la at 40 days after
maximumlight havethe samecolour{ a property easilytestedwith our data at low-intermediate
redshifts.

la geometric e ects. Howell (2001b), Wang et al. (2003b), and Kasenet al. (2004) have
suggestedhat geometrice ects accountfor someof the diversiy among Type la SNe. This

leavesan imprint on both the lightcurvesand spectroscopicfeatures,but can only be measured
with large statistical data sets,suchasthe SNLS.

[I-P risetime. Type Il-Plateau SNe have sucha quick rise to the plateau phase(about two
days) that this had neverbeenseenbefae the SNLScaughtonein the act.

Type Il shock breakout. The breakthroughof the shack wave through the progenita star
atmospheran Type [l SNeproducesa UV ash that lastsfor oneto sixhours,with characteristics
depending on the size and type of the progenita. This has only beenseenfor two SNe, but
with our large sampleof ealy-time data on SNell and (1+z) time dilation, we may catch this
phenomenorin action for a few SNe and placelimits on whetherthe explaling stars are red or
blue supergiants.

AGB SN la progenitors. SN 2002icseemedo resemblea SN IIn (a core-collapseSN shawving
signsof interaction with circumstella material), but was later shavn to be a SN la (Hamuy et
al. 2003). It was hypothesizedthat the secondey star in the binary systemwas an AGB star,
andthat somefraction of SNeclassi edas SNelln are actually SNela in disguise.If this is true,
severalshouldappea in our data set.

AGN-la connection. Livio et al. 2002 suggestedhat novaeand SNe la havean overdensy
along the paths of radio jets or AGNSs, suggestingthat herethe accretionrate onto the white
dwarf progenita is higher. With our continuouslightcurveswe can easilyidentify which SN hosts
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are alsoAGN. If this carrelation is con rmed, one gronth mechanismfor white dwarfs to reach
the Chandrasekhramassis implicatedand suggestion®f carrelationsbetweenthe accretionrate
and the SN la subtype can be tested.

SN colour-colour selection. While SN type determinationcurrently requiresa large investment
in spectroscopidime, we are investigatingtechniquesor determiningSN la typesby their tracks
in colour-colourdiagrams(Poznanskiet al. 2002). If it is possibleto make sucha breakthrough
it would havedramatic implicationsfor programslike Pan-STARRS and LSST that will deliver
thousandsof SN lightcurves,but are limited by the availabletime for spectroscopiccon mation.

SN la high-velocity components. At ealy times, someSNela, seenat both low redshiftand
in the SNLS data, shov unusualhigh-velaity componentsof certain elementsin their spectra
that are detatchedfrom the main elementaldistribution. Thesefeaturesare a challengeto SN
la thearetical models, and may be related to possiblejets, or the rising plumesor bubblesof
material seenin certain 3D simulations.

The progenitors of subluminous SNe. Howell (2001a) suggestedhat subluminousSNe may
dropout at z > 0:5, becausahey comefrom low massand extremelylong-livedprogenitass that
will not havetime to explade at higherredshifts. We can placethe rst constraintson this.

Galactic chemical evolution. Maoz & Gal-Yam (2004) havesuggestedhat the iron in clusters
cannotcomefrom SNela, but requireSNell from a top-heavylMF. Our SN rateswill settle the
issue.

Improved lightcurve tting techniques. Eachnew generationof lightcurve data revealslim-
itations in previouslyused tting methods. Since previous surveyshad little ealy-time and
multicolour data, and had to useheterogeneouslata from various telescos, they are not fully
optimizedto exploit the full power of the SNLS. We havealreadycreatedone next-generation
tting technique,the SupernovaAdaptiveLightcurveTemplate(SALT) methad, for our rst cos-
mology paper. Thesetechniqueswill be usedin third generation(Pan-STARRS,LSST, SNAP)
SN cosmologyprograms.
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Appendix C { Observing Time Allo cation

Other Observations

D1 02h26m00.00s {04d 30m00.0s XMM Deep,VIMOS, SWIRE,GALEX
D2 10h00m28.60s +02d 12m?21.0s Cosmos/ACS,VIMOS, SIRTF. XMM
D3 14h19m28.01s +52d 40m41.0s Groth Strip, Deep2,ACS

D4 22h15m31.67s {17d 44m05.7s XMM Deep

Fieldsare typically visiblefor 5 months.

Initial request(Deep)  1488hr over5 yr
Approvedallocation  1318hr over5 yr
132 hr per semester
44% of total CFHTLS

Observing time. At presentour open shutter exposuretimes per queuerun are

N t
g° 3  1125s
r 5 1500s
i0 3 3600s + 2 1800s
2% 3 3600s

whereN is the number of epochs per queuerun, andt is the total open shutter time per epoch.
Overheadsare an additional 10%. Individualepochs are broken into severaldithered exposures.

Time sampling. Epochsare typically sepaated by 4 nights.

Scheduling of i'. The i%is scheduledn 5 epochs (3600s, 1800s, 36005 1800s,3600sover the
gueuerun), and the principal supernovaseach epochsare the 3600si° exposures.

Overheads. Our initial requestwas in terms of validated open shutter time. However, when
our allocation was transfamed into schedulediime, it includedoverheads.This representsan
e ective 10% decreasen our allocatedtime.

Allo cation in 2004B/2005A. The Boad increasedhe LS allocation by 4 nights for 2004Band
2005A. After allowing for the fact that the o cial averagelength of a night was reducedfrom
6.5hrto 6hr (to allow for the lower than expectede ciency on the sky{ this includesthe e ects
of weather), our time endedup beingaugmentedby 24 hr in eachof thesetwo semesters.

We voluntaily cut back back our exposuresfor 04A/B and 05A to 80% of our initial request,
but then increasedur i' slightly.

Seeing. We acceptexposureswith seeing0.9{1.2 arcsecat the beginningand end of a queue
run.

u*. Note that u is not part of the SNLScadenceof exposures.

Total. Including10% overhead$40s per exposure),our currentrequirementper eld is about
11 hr per queuerun; a eld is typlcally followed for 5 months, with someramp up and ramp
down befae/after this time in i%r®.

New request. The total amountof newtime that is proposedin z°is 2 elds 6 hr per queue
run for 5 months. In addition we are proposingan extra 0.3 hr (1 epoch) in g°
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Appendix D { Photometric Calibration

We devotea sepaate appendixto the photometric calibration becausehis hasbeenan ongoing
concernsincethe start of the survey CFHT has provided a reasonablé rst pass" procedurefor
calculating magnitudesfrom MegaPrimedata. SNLS as a whole has contributed a great deal to
re ning this ealy calibration of MegaPrime,and much work remainsto be done.

The precisionto whichwe cancalitrate MegaCamcoulddirectly impact our cosmologicatesults.
In previoussupernovasurveyserras in estimatesof cosmologicaparameterswere dominatedby the
intrinsic dispersionin propertiesof supernovae( 0:10 0:15 mag), and by photon noise. ForpSNLS,
however, the samplesizeis su ciently large that the e ects of intrinsic dispersionwill be = N -ed
to oblivion (well, of order 0:02 mag). At this level,the dominanterra is in the k-carrectionsand
systematicerras from the photometric calibration.

At presentthe Frenchand Canadiarcalibrationsboth givea night-to-night calibration uncertainy
of 2-3% (seeFig. 10 and Fig. 11); this is probably due to an arcaneway in which IQ variation
with position propagatesthrough to the photometric calitration. The photometricsuper at in Elixir
is regulaly calculatedfrom observationsof a \photometric grid" (a dense eld of stars re-observed
severaltimes at di erent positions on the mosaic). The photometric techniqueusedto measure
thesestars is 'magbest’ in SExtracta. We have detecteda systematico set with respect to large
aperture mags (derivedboth with DAOPHOT and SExtracta) that varies with image quality. This
hasa ected the photometricuniformity of the mosaicat the 2-3%level. This and other calibration-
related problemswill be discussedvith CFHT and EugeneMagnier (IfA) at a calitration workshop
that we haverequestedior ealy April.

Our calilbration activities on the Canadianand Frenchsidesincludethe following:

Tertiary standards. We are prepaing a list of > 1000tertiary u g% %%° photometricstandads
in our elds, for useas calikrators for other usersof MegaPrime. The goalis to be ableto use
thesestars insteadof SDSSand Landolt standads, thus freeingup someobservingtime.

Fig. 10 (left) { Variation of the zeropoint in i' over the history of the Legacy Survey This is for data acquired on
mainly photometric nights; photometry is large aperture photometry on SDSS seconday standards using DAOphot.
Crossesare data for which there were transparency variations, saturation, or other problems. The red points are the
zeropoints reported in the CFHT FITS headers;these are systematically lower, for reasonsexplainedin the text. The
scatter in a given group of points (corresponding to one queue run) is partly due to real variations in the zeropoint,
but mainly due to other e ects { most likely problems with the super at.

Fig. 11 (right) { Zeropoint in i* vs. ux scaling factor for SNLS Deep i' data observedon the same night. The ux

scaling factor is that factor which is neededto scale an image so that magnitudes of stars are the same as on some

referencenight. There is a correlation between the two quantities, as would be expected; however there is scatter of
2-3% from observation to observation beyond that expected from the variation in the zeropoints.
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Algorithms. We have analyzedand compaed photometric algaithms in detail, so that

we can con dently transfer magnitudesfrom standad elds to tertiary standads in the Deep
elds, and from thesetertiary standads to supernovae(which are measuredwith very di erent

techniques.) A maja pat of the e ort hasbeenin understandingthe scatteredlight pro le of
CFHT/MegaPrime, and aperture carrections; our investigationshave determinedthe smallest
aperture that allows measuremenof standads independentof imagequality temporal or spatial
variations.

Calibration Cross Checks. Compaisons have been made between SDSS magnitudesin
D2/D3, and our magnitudes. The agreementis good. Fieldshave beencalitrated with SDSS
eld stars, SDSSsecondey standads, and Landolt standads transfamedto SDSSmagnitudes.
The agreementis at the 2-3% level.

Elixir Checks. A large e ort has beenundervay to test Elixir preprocessingfor spatially
variable zeromints and colour terms. We are con dent from this work (which usesdensestar
elds shiftedto variouspositionsoverthe MegaPrimemosaic)that Elixir processingcanbe relied
on at the 2-3%leveloverthe mosaic,but not better. A signi cant e ort is ongoingto reduce
this to belov  2%.

k-corrections. A maja eort is undervay in both France and Canadato improve our k
carrections.

Future. Our goalisto movefrom the SDSSsystemto a natural photometric system. This will
be tied to variouswell-calibrated hot stars, andto the low redshift SupernovaFactary calibration.
An observingprogramwill commencen the next few monthsto set up this system.

While 1% calibration erras remainour goal, we believethat 1.5 2% erras are achievable,
and will allow usto reachthe scienti ¢ goalsof SNLS.
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Appendix E { Image Quality Concerns

SNLScollahorators haveplayed an important role in attempting to diagnoseand understandthe
well-known 1Q problemswith the MegaPrimecarrectar®.

Befare looking at the radial variation of 1Q, it is of interestto examineseeingstatisticsmeasured
at the centre of the mosaic. The cumulativedistribution of FWHM valuesfor our SNLS data, and
for all data, is shovn in Fig. 12. This diagram shaws that the medianlQ for SNLS-Deepdata is
worsethan averagethis is becausene are occasionallyat the beginningandendof a Q run, or after
weather-or instrument-relateddown-time) willing to sacri ce seeingfor light curvetime sampling.

100¢(

All Frames i
Deep Frames |

Number of itimages (04B)
I o 0
o o o
e o L

N
o
T

0.4 0.6 0.8 1.0 1.2 14
Seeing (arcsec)

Fig. 12 (left) { Distribution (2004B) of i' seeing,for SNLS Deep data (ochre), and for all data (blue). SeeingFWHM
is as reported by CFHT (i.e. at the centre of the mosaic). SNLS makes use of some bad seeingdata to Il in epochs
at the beginning and end of a queuerun.

Fig. 13 (right) { Histogram of seeingvalues over the entire mosaic, before (green) and after (red) the ip of the L3
corrector lensin Dec 2004. Note the dramatic improvement in image quality. The two exposuresanalyzed have nealy
the same seeingat the centre of the mosaic.

Fig. 13 shaws a histogramof FWHM valuesover the entire mosaic,befae and after the \L3
ip" in Dec 2004. Prior to this lens ip there was considerablesariation in IQ overthe mosaic,but
afterwards the variation was much smaller. Thus we do not expect IQ variation to havemuch e ect
from 2004 Dec on.

Fig. 14 This gure, from the SNLS database,shavs our initial detectionsof variable objects
in terms of I' magnitudeof detectionand imagequality. As expected,thereis a slight tendencyfor
fainter objectsto be missedin worseseeing.(A strongtrend would havesuggestedhat thereis also
a trend of detectioncompletenessvith radiuson the mosaic.) This is for all data sincethe start of
the survey

Fig. 15 shavsthe completenesfimit basedon Monte Calo \addstar" experimentsasa function
of position on the detecta. The completenesds estimated after passingthe data through the
entire SNLS detection pipeline. This plot shawvs that there is very little radial variation in detection
completeness.Note that these simulationsare for data obtained befae the L3 ip { in fact the
completenessariation will nowv be evensmallerthan the gure shaws.

Finally Fig. 16 shows the number of SN/SN? detectionsvs. radiusfrom the centre of the
MegaCammosaic. The dashedline in this gure shaws the number expected basedon the area
availablefor eachradial bin (normalizedto the sametotal number of objects). The agreementis
striking: supernovaeare found with the sameprobability all overthe mosaic,and thereis no evidence
for any degradationin completenessowards the carnersof the mosaic. Again, this is for data taken
befae the L3 ip.

The conclusionis that our SN detectionshavenot been,and will not be, signi cantly a ected by
the radial gradientin imagequality. Note howeverthat our photometryis a ected by imagequality:

6 http://www.cfht.ha waii.edu/Ne ws/Projects/MPIQ/
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Fig. 14 (left) { Magnitude (i") at discoveryvs. seeingFWHM for SN candidates. There is a slight trend with seeing.

Fig. 15 (right) { Completenessin % vs. i' magnitude, for 4 radial bins: black { 0-10 arcmin; red { 10-20 arcmin; green
{ 20-30 arcmin; blue { 30-40 arcmin. The completenesswas measuredfrom 50000 arti cial stars added in groups of
100 to a good seeing(0.65 arcsecFWHM) image taken in Nov 2004 (prior to the L3 ip). The completenessestimate
includesthe e ects of the entire Canadian SNLS detection pipeline. The e ects of the radial variation in image quality
are very small. Data since Dec 2004 should shonv an even smaller radial variation in completeness.

Fig. 16 { Number of SN candidates detected vs radial distance in degreesfrom the centre of the mosaic. The dashed
line indicates the expected radial distribution for objects distributed without a radial bias; the numbers drop at R >

0.5 deg becausethese regions are in the corners. There is no statistical di erence betweenthe two distributions. The
plateau at 0.2 deg is probably due to the 2 large inter-row gaps.

roughly speakingphotometricaccuracyarieslinealy with FWHM. We can live with this degradation
of photometry with position on the mosaic,though of coursewe would prefer that it not be there.
Certainly things are much improved with the \L3 ip". (An additionale ect of 1Q variation on the
calitration is discussedn AppendixD.)




24

SNLS

>

o

(@]

O

(2]

o

S
ey

O

(0]

o
n

(@]

'}

©

Q9 ,
<
o
M
x

S

(@)

-

LL
—

LL
X

o

C

mun SuUoNeAIdSqo Y| ®
o Adoasoidads
<

ﬂ_

ed'ojuoioin-onse Aoeha)| A

aseqeieq ®
I9A3S qIM ..

v

219
(SOV ‘s19sj40) 1soy
pue sinojod y2ayd
‘saAInd 1yby| e
*si9)ly pue
syooda 1ayjo ul
?duasaid 10§ y23yDd

uonepijeA aepipued

yooda juaund
1041s)|
alepipue)

(s)1au/ydoda

sajepipued
poob pui4

Ha 2 Yood3

,S19|du, uonda1ep
Jo dlesow ayeald
MaINRY

%

junfno [in3 “Yip ur
Ssaleplipued 10} Ydieas
4INS/3NSPpuld

Ar

v

abe pue
yiyspas ‘edhy
NS 2uIWI3p 0}
Sy aAINd ybI
sii4 z-oloyd

v

A|

uonedo||y pue
bunjuey dn-mojjo4
19b1e] NS

oL U .u& I3A0 dSB3IDUIY, WP = o1 - yoods Palg0
. © | g | ‘sexnyainuade pue | waund enqns  |Hp Buirow pui4
s129(qo |[e Jo) [« W 4Sd anseapy | ¥
Alswoloyd .> duaBYIa 13puyjons
Jljawoloyd +
dUaJ9ya4 pue ydoda
0 4Sd Yarenw
Yysjewjsd
(y20da uowwod oy) (uomoisip) sabew| ppe-o) 3abeuw|
spiepuels Alepuodas Hp| uoneaasuod xnji4 pue EEUEICIEN
Buljess xnj4 uoMda110)) BAY |2XId d|dwesay dasqg
* 190°0-/+ 01 SSAS/SUDI
S1e JelS [eusaul 01 paubyje sebewrs o1-5
Buisn SOM 14

qijeDd dHIBWONSY

A

xid peq ‘siapeay xi4
‘£1-0002D dii4
uonelredaid abew

(sadd 9¢) sabew|
passadoud-1xi|3

1102 9buuy ‘buipaipe
buissadoid
AIX113 1H4D

A\Il

(sa@dd 9¢) sabew|
mey wedebap




