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\\·e pre:;ei1t the re-:ults of cw. ;walysis of tLc world S~c data., cu111plt!l11cutt..J l>y IL uev.· <lnta."'t:t 
of ll.A\·-re<lshlft ueoarby-Hubhl~Buw SN In.. TWs ""Uuiu1t cuu1pilatio11 of more thtu1 400 SN 
Ia includes tbc recent large samples of SNc IR from the Supernova Legacy Sun·cy and the 
ESSEKCE Survey1 the older dataset....;, as: well &: the recently extended dat.&.coet of di.">ta.ct ~u­
pernov-de observed with HST. A single~ cow::istent and blind analysis procedure is used for 
al\ the various SN Ia subsamples. We pre;ent the latest results from thi~ Union compilation 
auJ iL"' oomhinatiou with other cusmological mea.. .. unmumt.-. (CMTl aJ1J nAO). aml di:-1Cus....; th~ 
c:Ofi:mologir.;J r.orurt.ra.ints on thr. rl.ark c-n~rgy rlr:n,:;jty. \Vith thr: acldition of onr IlC'W TIC'arhy 
HuhhlP-flnw SNP. Ia, th~ resulting c:o.c;mologirJJ c:onstra.ints NP. C"UITP.ntly t.bP. tightr.-.-r a.vn.il­
ablc. V\lhilc our results arc c01Lc;istcnt wit.h a cosmol~ca.l cotLc;tant ~ we obtain only relatively 
Wf'.;t.k <'.on.~tra.inL"i on an pqua.tion of st.a.tr.: w~ that wuif':" with recl:-hift. ThP. Union compi­
lation data along with !'<>ftware for cosmologk.al analysis is provided through the wt<b link 
"http://•np•mo""-lhl.gnv /Union". 

1 Introduction 

A decade after its discovery1•2 and despite much progress in the field, dark energy still remains a 
mystery waiting to be resolved. Several new cosmological measurement techniques and several 
new Type la supernova (S~ la) datasets allowed to narrow in on the properties of dark energy. 
The SN la measurements remain a key ingredient in all current determinations of cosmological 
parameters (see, e.g., the recent CMB results'!). It is therefore necessary to understand how the 
current world dataset of SN la measurements is constrncted, and how it can be used coherently, 
particularly since no one SN Ia sample by itself provides an accurate cosmological measurement. 

We present a new SNe compilation for cosmologkal analysis, the "Union" compilation4 . 

The Union compilation includes nearby SNe sets from a number of campaigns5·6 a,9,rn, and 
is complimented by a new data set of nearby SNe from the SCP Nearby 99 campaign'. The 
recent large high-redshift samples from the Supernova Legacy Survey (SNLSf1 and ESSEJ\CEll 
surveys, the set of distant SN observed with HS'P3·14 as well as previous high redshift SN sets 
15

•
16

•17·L2 have been included. The c-ompilation comprises 414 SNe. In addition to heing the 
largest SN data set to date, the SNe of the Union wmpilation where analysed in a uniform 
manner with careful control of systematic errors (see ~ec:tions 2 and 3). In section 4 we present 
some of the new cosmolop;ical constraints obtained from the combination of the Union S.N data set 
with observations of the cosmic microwave background (CMB) and baryon acoustic oscillations 
(BAO). 
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Figure 1· Left: Bhme<l Hubble <liagra.rn (Liu-sfac Az = 0.01). Right.-: Ilium~ resi<luals from tlie U~t titti11~ 
cnsmology (!1m = o.:l I. n" = 0 69). 

2 Analysis procedure 

For the Union compilation we have addressed a number of analysis issues that arc relevant 
for any future compilation of SNe samples: l} It is important that a sample of poorer quality 
\\ill not degrade the impact of the higher quality data., such as the SNLS and ESSENCE high­
redshift data.sets which have recently been published. We achieve this by adjusting the weight 
of SNe belonging to a sample to reflect the dispersion we determine for the sample. With our 
prescripti0n, SN samples with significant unaccounted-for statistica.J or systematic uncertainties 
are effectively deweighted. 2} The different supernov-d datasets are analyzed with the same 
analysis procedure. All SN lightcurves are fitted consistently in the observer frame system using 
SALT18 . Where possible, the original band pass functions are used. 3) A repro<lucihle, well­
characterized and robust approach to selecting the good SNe la, and rejecting the questionable 
and out.lier SNe, is used. 4) Finally, we applied a blindness procedure when de,·eloping the 
selection cuts and fit procedures used in the analysis. This ensures that our results are not 
(unconsciously) biased by our expectation. 

We apply an empirical width-luminosity and color-luminosity correction to the SN peak 
magnitude 4·1118, where the correction coefficients are determined during the cosmological fit 
procedure. Figure 1 shows the resulting Hubble-diagram of the :m7 SNe that pass our selection 
cuts. 

3 Systematic Uncertainties 

The large sample of consistently analysed SNe allows to study potential systematic effects that 
could influence the cosmological analysis. We distinguish systematic errors that can be associ­
ated with a sample (e.g. due to observational effects) from those that are co11UI1on to all the 
samples (e.g. clue to astrophysical or fundamental calibration effects). The presence of system­
atic errors associated with specific samples could be uncovered by studying sampled averaged 
SN properties. Figure 2 (left) shows for each sample the mean deviation from the hest fit 
Hubble-diagram. As can be seen, no significant deviation is observed. Another test for tension 
is the search for a slope in the Hubble diagram residual versus redshift distribution. This slope, 
which could e.g. uncover a. l\Ialmquist bias, is shown in Figure 3 (right) for the various samples. 
While not yet highly significant, it appeaxs that the slope for some samples shows evidence for 
the presence of an systematic error (which is characterized and included in the final result 4 ). 
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Fii;ur• 2: Ltft: Th• m•.an, ""mpl• av•rai;o<l, clovil\t.ion from th• h<"'t fit model; Right: The slope of t.h• Huhl>!P­
residuaJ (in magnitudes) versus redshift: dµ, .. ~idua1/dz. The parameters characterizinJ?; the different. samples are 

used to m1covrr potential systematic problems. 

The potential presence of SN-specific sources of systematic errors {e.g. evolution) have been 
tested hy suhdividing the sample. Dividing the sample into low-stretch and high-strC'tch SNe and 
performing independent fits, we found consistent cosmological parameters for the two samples. 
We have also studied the SN properties at low and high redshifts separately and did not observe 
sil!;IJ.ificant differences in the populations. 

All identified syst.ematic uncertainties have been propagated into the final results by a slight 
extension of the conventional minimization schema~. One introduces a new distance modulus 
µ"Y" =µ+AM;+ AAI, which is simply the usual distance modulusµ= 5log{IlodL(z)) (here 
dL(z) is the lumiuo:iity distance and Ho .the HuLLle coustaut) shifted by a sample depeudeut 
magnitude offset AM; and a single sample independent magnitude offset AM added only for 
the higher redshift SNe ( z > 0.2). The magnitude offsets AM; reflect heterogeneity among 
the S~e samples while AM represents the common systematic error in the comparison of low 
vs high redshift S"'e. Treating AM; and AM as additional fit parameters, one defines X~ys = 
x2 + 'L,;(AM;/rrM.)2 + (Allf/rrM)2 to aLsorh thP 11Dr.<>rtaiuty in t.hP nnisanr.P. paramP.ters, "M, 
and aM, and obtain constraints on the desired physical fit parameters that include_systematic 
errors. The results are shown for example in Figure 3 (top right panel). 

4 Cosmological Results 

With the Union S:\' compilation at hand, we can now proceed to the analysis of the cosmological 
parameters. The constraint we obtain from supernov-ae on the dark energy density is 
nA = 0.713:t:8:~~(stat):'.:g:g~~(sys), for a fiat, ACOM Universe. Asswning a constant equation of 
state parameter, w, the combin~'C! constraints from SN'e, WMAP-5 year C!lfB data1 and SDSS 
BAO data19 give 111 = -0.969~8:~g(stat):'.:g::i(sys). Figure 3 (left panel) shows the statistical 
constraints from the three different cosmological probes, along with their combination. The 
impact of including systematic errors is shown in the upper right panel, while the impact of 
addin11; the new sample of nearby SCP SNe is shown in the lower right panel. The results are 
consistent with w = -1, the value associated with a ACOM Universe. It is interesting to note 
that if one in addition fits for curvature, the constraints on w will degrade only by 103, and the 
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Figun :1: fiR.:J. 3: 9!l.4 ?C iUld 99.7% c.ontidenc'.t' l1•vf!l c.ontonrs on wand HM. for a fiat Univrr~e.. Thf' Ir.ft plot 
~how,;; thf' imiivici11a.l c:oru;t.rt1.int~.:; from CMB. BAO ;nul the. L" niou SX ~~t.. a..;; wP.ll a.., thP romhiru?<I c.on.c:;trnirit.s 
(filled ~ray contours: stat.istkal errors only). The upper ri.l!;ht plot shows t.tw cffe<::t of indudin);!; systematic errors. 

The lower right. plot illustrat.eo; the impact of the SCP Xcarby 1999 data 

result, !1k = -0.0JO~g:gl?~g:*i. are consistent with a flat Universe. We obtain only relatively 
we.ak constraints on a w that varies with redshift'. In particular, the current SN data do not 
yet significantly constrain w at z > 1. 

The SNe ronstra.ints from the Union set are the tightest to date, while at the same time we 
have encountered no limits to the potential use of current and future, high accuracy S?\ data 
as cosmological probes. We provide the Union SN data along with software for cosmological 
analysis through the web link "http://supemm·a.lbl.gov/l.;niou" . 
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