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Millennium Center for Supernova Science

Introduction

The detection of unburned material and its radial locatrothe ejecta of Type la su-
pernovae (SNe la) play a critical role in our understandihthe explosion process.
While pure deflagration models [6] predict substantial anteof unburned C and O In
nis material mixedmeard in 3-dimensional

els [4] predict vealsbut inhomogeneities and
very little unburned material present at the surface. WesIs@arched for signatures

the outermost ejecta (with pockets of t
models [3, 7]), delayed-detonation moo
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Data Sample

The Carnegie Supernova Project (CSP) and the |
Millennium Center for Supernova Science (MCSS)
obtained over 500 spectra of about 90 SNe la be-
tween 2004 and 2009. We have selected the ear-
liest observations: a sample @0 spectra o133
SNe laobtained before 3 days prior t8-band
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of C 1l features in a large sample of pre-maximum spectra of SNetlatwe aim of maximum light.

assessing how often unprocessed material is present and isastributed. i
Fig. 1. Distribution of phases relative tB8-band maximum light for the Epoch relative to B,
CSP/MCSS sample.

lines.

Carbon Detection — A weak absorptiorat ~6300A which is probably due to

_ ; _ , [ | A C 11 A6580 can be seen ihl out of 33 SNgFIg. 3).
An absorption at-6300A presentin some pre-maximum = | W Y A N In other cases the feature may be lost in the noise or
spectra may be due G Il A658Q Other Cli lines s [m | TR A N washed out by the P-Cygni emission fromiSh\6355.
should be too faint to be clearly identified. % B A Y T P AR P If confirmed, this would be an unexpectedly large frac-
According to simplified models in the Sobolev approxi- ~ © - \/\ L N tion SNe la with carbon [5, 8]
mation Fig. 2) carbon would appear slightlgetached ~ R | won
above the photosphere by1000 km s!, although a < L] : o o ——
definitive identification would require more detailed mod- & e 5 o : I i i
els including non-LTE effects. . - . : \M\/\/\\‘)Se €78 1 NW\/“NM (:105)
The 6300A absorption may also be due to hydrogen i : A ] I \"’\/\ﬂwm 63+ o6 (9.6
near the photosphere, but this is unlikely in SNe la. i ‘/ L o L L — —+ —
Thg abgorptl_on may b_e due to clumps of unburned ma- | 40'00 vy —— 80'00 ' ] EREATT Wax 85
terial mixed into the ejecta, as predicted by 3-D defla- RS- ] - .
gration models [3, 7]. Fig. 22 SYNOW [1] model (lashed blue) of the spectrum of SN 2006D a6 days - V\\/\\ + -

(black). The insets show a carbon-only synthetic spectrum at tegilin of the Q —

08bf (-8.5)

Photometric Properties

SNe with Ci1I show awide range
of decline ratesconsistent with the : 1 1or
complete sample and includingon: 6 |- _ I
fast-declining object (SN 2009F) I ]
with Am.5(B) = 1.7 (Fig. 4).
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Although the sample is small, there %
IS a trend towardaint SNe with /
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respect to the best-fit Hubble Lan o L] //
[2] (Fig. 5). Am, ,(B)

1.5 —18.8
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_19 _ 19.2| _ 19.21 _ 198 Fig. 3: Pre-maximum spectra of 11 SNe la showing G6580 absorption@uip-

M(B).... per panels). Two examples of non-detections are also shqlewer panels).

The colored bands mark the position of theiQ6580 for expansion velocities

Fig. 4: Distribution of decline rateam,5(B) for the 33  Fig. 5: Distribution of absolute peak magnitudeshnafter between 9,000 and 15,000 km's
SNe la plack) and the SNe with @ detectionslflue). correcting for decline rate and coldColors as irig. 4.
Line Velocities
e (Fig. 6) If the absorption Is due to C 11 A\6580, Conclusions
| ] carbon appearsnly up to 1500 km s! above the
I | silicon layer andalways below 13000 km3. At least one thirdf the SNe la from a homoge-
L o . o ] neous sample show an absorption which could be
12 N o7 & ° — identified with Cii A6580 In spectra obtained be-
-0 e A 0y S ¢ - - : tween 11 and 3 days beforg-band maximum
O O y
| T S > o Pseudo Equivalent Widths .
T \%4 VA, > ||ght.
; oL ] These SNe show wide range of decline rates
. L 0 05el e T T ey (0.85 < Amq5(B) < 1.75) and a possible trend
=t o - 6~ 006D > 08fpT] toward positive faint) Hubble residuals.
e T ©06dd " ; o O If carbon is present, it appears detached from the
"8 AT L 07A v O09ab - photosphere by1000 km s ' andbetween 11,000
: O 08bf | L O7af and 13,000 km g,
I CoE =, L ¢ - Such low velocities would be in agreement with
g |- Heds © 116080 #09F — 5 ? | 3-D deflagration models
| open: Si Il 6355 v 09ab O - + -
O
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Fig. 6. C 11 A\6580 and SiI A\6355 expansion velocities as a function of the SN :; ErTnCTIT [; et aI.I 22():130 A;\]J 112369’ 124089
phase. i o 7 2] Folatelli, G., et al. , AJ, ,
L 2 + # % t ® | 3] Gamezo, V. N., et al. 2003, Science, 299, 77
* 4] Khokhlov, A. 1991, A&A, 245, 114
[ ] 5] Marion, G. H., et al. 2006, ApJ, 645, 1392
(Fig. 7) The strength of the detection is represented by 0 '_'10' L _'8 e _'6 e _'4 e _'2 6] Nomoto, K., et al. 1984, ApJ, 286, 644
the pseudo equivalent width of the absorption relative to Restframe days since B maximum 7] Ropke, F. K. & Hillebrandt, W. 2005, A&A, 431, 635
the surrounding flux. The feature weakens with time. 8] Thomas, R. C., etal. 2007, ApJL, 654, 53

Fig. 7. Evolution of the ClI A6580 pseudo equivalent widths.



