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Abstract. We present a progress report on a project to derive the éwlof the volumetric
supernova Type la rate from the Supernova Legacy Surveyp@liminary estimate of the rate
evolution divides the sample from Neill et all [1] into twadshift bins: 02 < z< 0.4, and 04 <

z< 0.6. We extend this by adding a bin from the sample analyzed liiv&u et al. [2] in the range
0.6 < z< 0.75 from the same time period. We compare the derived trerfdpréviously published
rates and a supernova Type la production model having twg@oaents: one component associated
closely with star formation and an additional componenbeisged with host galaxy mass. Our
observed trend is consistent with this model, which prediatising SN la rate out to at least 2.
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1. INTRODUCTION

The importance of Type la supernovae (SNe la) as cosmicndistaacers |3,/ 4] moti-

vates the efforts to understand their progenitors. We netdmy explain the physics
that makes their explosions so useful, but we must also reee@nd control the system-
atic effects that may result from the properties of theimgamitors and their evolution.
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One method used to explore various progenitor models is iigpeoe the evolution
of star formation in the universe with the evolution of thesetved SN la rate [5, 6] 7,
8,19,10/ 11, 12]. The challenge of this method is that it resguiminimizing systematic
effects that can produce spurious trends as a function shitgdThe redshift regions
most important for constraining the progenitors, the highed lowest redshifts, are also
the most prone to systematic effects. At low redshifts casrariance and the difficulty
of sampling large volumes and thus produce good statistesevere challenges. At
high redshifts, the faintness of the objects produce lowmaifp-noise detections and
less certain typing as well as higher host contaminatiocesprojected host offsets are
smaller.

The Supernova Legacy Survey (SNLS) offers the opportunitméasure the SN la
rate trend right in the sweet spot where the volume sampledsgeare degree is
large and yet the objects are bright enough for high quahynig. This circumstance
motivated the recently published study of Neill et al. [1]islhproduced an anchor point
for rate evolution studies at~ 0.5. Our next step is to extend this effort by binning the
original sample and adding a higher redshift bin to tracede evolution fronz = 0.2
to z= 0.75. The homogeneous sample and high quality typing provige8NLS can
thus achieve a reduction in the systematics in this redstifie and provide a foundation
for rate evolution studies at higher and lower redshifts.

Even though rigorous constraints of SN la progenitors aaeiurate low and high
redshift rate measurements, we can still address a fewignsghat have arisen from
other studies of SN la rates. We would like to see if we canadyce the observed
trends from previously published studies, in particulaysth that show a large jump
in the SN la rate just beyonzl= 0.5 [12]. Of particular importance to future SN la
surveys, such as JDEM and LSST, is the question of the ratlatenobeyondz = 1,
which appears to decline dramatically/[11]. This seems tdreglict the observation in
the local universe that the SN la rate is higher in star fogwgalaxies|[5, 13, 14, 15]
which implies that the SN la rate should increase at leastamnit- 2. This correlation
of SN la rate with host star formation rate has now been oleseirv the intermediate
redshift universe using SNLS [2] which implies it is not adbeffect. For this study we
ask: is the observed trend in the SN la volumetric rate ctersisvith this correlation of
rate with host properties?

2. THE SUPERNOVA LEGACY SURVEY

The SNLS was instigated with the goal of providing obseoradl constraints on the
pressure/density ratio of the universe,Its first-year results [16], in combination with
other cosmological probes, provide one of the best obsenadtconstraints omv [17].

It is designed as a rolling-search survey of four one-sgdaggee fields evenly spaced
in RA. Each field is imaged with the Megacam imager on the Castadnce-Hawaii
Telescope five times a month during its roughly six-montheoliag season in four
wavelength bandg'r'i’z’ . A deepu* image is also taken of each field to aid in measur-

ing host galaxy properties. As each epoch is acquired itaarsed for variable objects



TABLE 1. Spectroscopically confirmed SN la samples

Fidd 02<z<04 04<z<06 06<z<0.75

D1 3 13 9
D2 5 10 12
D3 6 10 12
D4 3 8 9
ALL 17 41 42

which are recorded in a datab3s&N-like variables are assessed for their SN la type
likelihood [18] and all useful SN la candidates are promdtedollowup spectroscopy
with the VLT or the Gemini or Keck Telescopes. The availapibf 8 and 10 meter
class telescopes for spectroscopic followup provides adedined completeness and a
large spectroscopically confirmed sample of objects. Thebdae of all variable objects
provides a means to estimate spectroscopic completerjess [1

3. RATEEVOLUTIONWITH SNLS

Neill et al. [1] used a Monte Carlo method to estimate the SMuUBey efficiency in
the redshift range .2 < z < 0.6. Updated host extinction models [19] improved the
estimation of the systematic errors. The study of SN la rages function of host
properties by Sullivan et al_|[2] used the same sample andhadst but added an
additional sample in the range@< z < 0.75.

To estimate the rate evolution using the SNLS, we split thapda from [1] and
[2] into three bins: @ <2< 0.4, 04 <2< 0.6, and 06 < z< 0.75. Separate Monte
Carlo runs were performed for each sub-sample includingrex@nts to determine
the associated systematic errors in each redshift bineThbkts the spectroscopically
confirmed sample for each field in each redshift bin. The priekary results reported
here will be improved upon by adding more recent SNe la froenstlrvey to increase
the sample size in each bin.

We applied the same methods used in [1] to derive the volucreht la rate in each
bin, and associated systematic and statistical errors.decompare the results to the
two-component model of SN la production [2) 15, 20].

4. THE TWO-COMPONENT MODEL

This model proposes a component associated with the hastygalass, to explain the
non-zero SN la rate observed in early-type galaxies, andrgponent associated with
the host galaxy star formation rate, to explain the cori@badf SN la rate with host star
formation rate|[2, 15]. The volumetric SN la rate evolutiop(t), is thus expressed as

lseenttp://legacy.astro.utoronto.ca,anchttp://makiki.cfht.hawaii.edu:872/sne/
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FIGURE 1. Observed SNLS SN la volumetric rate evolution. The filledesgs are the SNLS rates
in each of the three redshift bins. The filled circles are jmesly published SN la rates derived from
samples primarily confirmed by spectroscopy from the foltmyweferences (in redshift order)! [5,.8, 10,
6,19,11| 7, 11]. The open circles are the SN la rates from [1th] samples having only 50% spectroscopic
confirmation. The open triangles are the rates friorn [12],setgamples are confirmed almost entirely with
photometric methods. Error bars represent the systemadistatistical errors added in quadrature.

follows: _
rv (t) = AM,(t) + BM,(t), (1)

with Aiin terms of SNe la per year per unit host stellar massiamdterms of SNe la per
year per unit host star formation. TBecomponent produces SNe la on shortedGyr)
time-scales, while th& component is responsible for the longer time-scale requoe
produce SNe la in galaxies dominated by older stellar pdjauis.

Figure 1 shows a fit (solid line) of the SNLS rate evolutioriétilsquares) and various
rates from the literature (solid circles) to the two-com@ainmodel based on the star
formation history (SFH) as parameterized by Hopkins andcBewr[21]. The resulting
coefficients are annotated on the plot and the resultinguéweol of each component
is indicated by the dashed linB component) and the dotted lin& ¢component). The
statistical uncertainty in the combined components iscaiigid by the hashed region.

We note that this model appears to be incompatible with tatufes in the observed
rates. This fit is statistically inconsistent with the lajgep in the rates seen at= 0.5
by Barris and Tonry [12]. It also predicts an increase in tNd&rate out taz > 2, while
the rates from Dahlen et al. [11] show a steady decline aftedahift ofz~ 1. The
highest redshift observatiom £ 1.6) is only marginally inconsistent with the model.



The mass used in fitting thieandB components was derived by integrating the SFH
from Hopkins and Beacom [21], and thus includes the massad d&ars. When fitting
host properties, the mass derived does not include dead 6xar fitted values foA and
B are consistent with published values [1, 86.1.1], but aregmally offset from host
property values as expected from the differences in hoss@sa®©ur final results will
include a mass correction for dead stars and thus pro&laceB values more consistent
with those derived from host properties.

5. CONCLUSIONS

By restricting our measurements of the SN la volumetric mtelution to samples

whose members are primarily identified with spectroscomyfind a trend that appears
compatible with the observed properties of SN la hosts. Thstrstringent test of this

model awaits further measurements of the rate beyoadl, but we must be careful.

If the two-component model is correct, the higher redshifieSa are more closely

associated with star formation. This close associatiomhdcotroduce systematics from
the dust and other features of high-redshift star formattiah compound the difficulty

of deriving accurate high-redshift SN la rates. This cautipplies to the use of these
high-redshift SNe la for cosmology as well.
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