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Submitted to The Astrophysial JournalPreprint typeset using LATEX style emulateapj v. 03/07/07DIVERSITY OF DECLINE-RATE-CORRECTED TYPE Ia SUPERNOVA RISE TIMES:ONE MODE OR TWO?Mark StrovinkPhysis Department and E. O. Lawrene Berkeley National LaboratoryUniversity of California, Berkeley, CA 94720Draft 2007 4 MayABSTRACTB-band light-urve rise times for eight unusually well-observed nearby Type Ia supernov� (SNe) are�tted by a newly developed template-building algorithm, using light-urve funtions that are smooth,exible, and free of potential bias from externally derived templates and other prior assumptions.From the available literature, photometri BVRI data olleted over many months, inluding theearliest points, are reoniled, ombined, and �tted to a unique time of explosion for eah SN. Onaverage, after they are orreted for light-urve deline rate, three SNe rise in 18:81�0:36 days, while�ve SNe rise in 16:64 � 0:21 days. If all eight SNe are sampled from a single parent population (ahypothesis not favored by statistial tests), the rms intrinsi satter of the deline-rate-orreted SNrise time is 0:96+0:52�0:25 days { a �rst measurement of this dispersion. The orresponding global meanrise time is 17:44� 0:39 days, where the unertainty is dominated by intrinsi variane. This value is�2 days shorter than two published averages that nominally are twie as preise, though also basedon small samples. When omparing high-z to low-z SN luminosities for determining osmologialparameters, bias an be introdued by use of a light-urve template with an unrealisti rise time. Ifthe period over whih light urves are sampled depends on z in a manner typial of urrent searhand measurement strategies, a two-day disrepany in template rise time an bias the luminosityomparison by �0.03 magnitudes.Subjet headings: supernov�: general | osmology: observations | distane sale1. INTRODUCTIONWithin a few minutes of explosion, Type Ia supernov�release most of their energy, but due to self-absorptionthey reah peak luminosity only after 2-3 weeks. Duringthis period of ballisti expansion, while the photospheregrows in radius but shrinks in harateristi veloity asslower, heavier ejeta are revealed, basi properties ofthe explosion beome evident. Spetrosopi signaturesof elements intermediate between arbon-oxygen fuel andiron-group ash (Filippenko 1997; Branh et al. 2006) re-veal that burning is inomplete, with deagration likelyplaying an early role (Mazzali et al. 2007); nonvanishingpolarization measures the progenitor's aspheriity (Wanget al. 2007). After peak brightness, when iron featuresblanket the spetrum and polarizations wane, SNe be-ome more homogeneous. For SN siene to progress,therefore, it is ruial to study the period of rising lumi-nosity.In osmologial studies, SNe Ia are prized for their useas standardizable andles to trae the history of osmiexpansion (Riess et al. 1998, 2007; Perlmutter et al. 1999;for a review, see Perlmutter & Shmidt 2003); in thisontext, periods of greater SN uniformity are of greatervalue. Indeed, post-maximum luminosity indiators doyield low-dispersion Hubble diagrams (Wang et al. 2003;Wang, X. et al. 2005); post-maximum olor measure-ments do solidify the orretions made for absorption byhost-galati dust (Lira 1995; Phillips et al. 1999; Jhaet al. 2007). Nevertheless, as ever more ambitious am-paigns to hronile the Universe's expansion history areplanned (e.g. Aldering et al. 2002), the fundamental issueEletroni address: strovink�lbl.gov
of high z ! low z evolution (Howell et al. 2007) keepsSN siene in fous. For example, more than one SNIa progenitor or explosion mehanism might be at work,with progeny neither equally bright nor equally abundantat high vs. low redshift. To seure suh understanding,ontinued study of the rise-time period is essential.The subjet of this report is a basi property of thisperiod { the light-urve rise time itself. The B-band risetime is quite sensitive to the main-sequene mass of thewhite dwarf progenitor and to its arbon/oxygen ratio(see e.g. Dom��nguez et al. 2001). It is less sensitive tothe progenitor's metalliity.Pskovskii (1984) published the �rst rise times forlasses of type I SNe. In retrospet their range is reason-able, but, oddly, the reported orrelation of rise time withdeline rate was positive. For individual SNe, the earliestrise-time measurements were made by Leibundgut et al.(1991) (SN 1990N) and by Vaa & Leibundgut (1996)(SN 1994D). For a group of SNe, the earliest measure-ment of the average deline-rate-orreted rise time wasreported by Groom (1998) and Goldhaber (1998). Theyused a model desribed e.g. by Arnett (1982), in whihthe initial rise of B ux with time is paraboli. Within ��2 days, these early determinations agree with urrentvalues. Soon thereafter, in a de�nitive paper, Riess etal. (1999b) (heneforth Rie99b) established the presentlyaepted average rise time to B maximum of 19:5� 0:2days. This was aomplished by ferreting out early un�l-tered photometry for ten nearby SNe and transformingit to standard passbands, to whih the paraboli modelwas applied. Also using this model, Conley et al. (2007)(heneforth Con07) reently on�rmed the Rie99b low-redshift average, in addition measuring an average rise

DIVERSITY OF DECLINE-RATE-CORRECTED TYPE Ia 

SUPERNOVA RISE TIMES:  ONE MODE OR TWO?

00.10.20.30.40.50.60.70.80.911.11.21.31.41.51.61.71.8

-20 -15 -10 -5 0 5 10 15 20τ ≡ (t  − t B max) / [s (1+z )] (days)
(flux / flux @ tBmax)1/2  + m
ultiple of 0.1

03du02bo
01el90N(V  band) 04eo
94D05cf

98aq(V  band)

Fig. 1.— Representative aquaa light-curve fits. The abscissa τ is the SN phase relative to tBmax, dilated by a factor s so that
∆m15 ≡ 1m

.1 in B band. The ordinate is the square root of the flux relative to its value at τ = 0, offset by a multiple of 0.1. B-band data
are shown for SN 2005cf, SN 2003du, SN 2002bo, SN 1994D, SN 2001el, and SN 2004eo; V -band data are shown for SN 1998aq and SN
1990N. The intersections of the fitted curves with zero flux, shown by “×”, are the best-fitted s-corrected times of explosion.
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Fig. 2.— Fitted rise time or fall time (defined in the text)
vs. decline rate ∆m15. Filled circles show the aquaa fitted rise
times for individual SNe. For each SN, both statistical and sys-
tematic uncertainties are included in its horizontal and vertical er-
ror, which are positively correlated. Filled squares show the aquaa

fitted fall times for the same SNe (plus two others with scant pre-
maximum data). The quadratic curve is drawn to guide the eye.
Open symbols show the results of previous rise time fits by Rie99b
(triangle) and Con07 (square) to ensembles of stretch-corrected
low-z SNe.
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Fig. 5.— Comparison to gaussian expectation of the distribution of pulls (residuals normalized to their uncertainties) for the fits shown
in Figs. 3(a) (left column) and 3(b) (right column). (a)-(b) Distribution of pulls for eight actual SNe (crosses) and for fits to eight simulated
SNe (points). The gaussian curve has the same rms as the points. (c)-(d) Kurtosis of the pull distribution for eight actual SNe (arrow)
and for sets of eight simulated SNe (histogram). (e)-(f) Same as (a)-(b) except that the pull is mapped to a function (“pull probability”)
that is distributed uniformly on (0,1). (g)-(h) Distribution of the maximum interval in pull probability between neighboring interior SNe,
for eight actual SNe (arrow) and for sets of eight simulated SNe (histogram).
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Fig. 3.— (a) Difference between the rise time and fall time shown in Fig. 2 vs. decline rate ∆m15. The error bars represent the

combined statistical and systematic uncertainties. Horizontal lines depict the ordinates best fitted to the slowest-rising three SNe (top)
and to the fastest-rising five SNe (bottom) with their one-standard-deviation uncertainties. The exhibited Pearson coefficients R show that
the abscissa and ordinate are not significantly correlated for either set of points. (b) Same as (a) except that a single ordinate is fit to all
eight SNe using the outer error bars, which include a 0.96-day intrinsic rise-time variation added in quadrature.
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Fig. 4.— Ideogram showing the summed probability density
function for the difference between rise time and fall time, based
on the data in Fig. 3(a).
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