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Introduction
The detection of unburned material and its radial location in the ejecta of Type Ia su-
pernovae (SNe Ia) play a critical role in our understanding of the explosion process.
While pure deflagration models [6] predict substantial amounts of unburned C and O in
the outermost ejecta (with pockets of this material mixed downward in 3-dimensional
models [3, 7]), delayed-detonation models [4] predict washed-out inhomogeneities and
very little unburned material present at the surface. We have searched for signatures
of C II features in a large sample of pre-maximum spectra of SNe Ia with the aim of
assessing how often unprocessed material is present and howit is distributed.

Data Sample
The Carnegie Supernova Project (CSP) and the
Millennium Center for Supernova Science (MCSS)
obtained over 500 spectra of about 90 SNe Ia be-
tween 2004 and 2009. We have selected the ear-
liest observations: a sample of70 spectra of33
SNe Iaobtained before 3 days prior toB-band
maximum light.

Fig. 1: Distribution of phases relative toB-band maximum light for the
CSP/MCSS sample.

Carbon Detection
An absorption at≈6300Å present in some pre-maximum
spectra may be due toC II λ6580. Other C II lines
should be too faint to be clearly identified.

According to simplified models in the Sobolev approxi-
mation (Fig. 2) carbon would appear slightlydetached
above the photosphere by≈1000 km s−1, although a
definitive identification would require more detailed mod-
els including non-LTE effects.

The 6300Å absorption may also be due to hydrogen
near the photosphere, but this is unlikely in SNe Ia.
The absorption may be due to clumps of unburned ma-
terial mixed into the ejecta, as predicted by 3-D defla-
gration models [3, 7].
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Fig. 2: SYNOW [1] model (dashed blue) of the spectrum of SN 2006D at−6 days
(black). The insets show a carbon-only synthetic spectrum at the location of the CII

lines.

A weak absorptionat ≈6300 Å which is probably due to

C II λ6580 can be seen in11 out of 33 SNe(Fig. 3).
In other cases the feature may be lost in the noise or
washed out by the P-Cygni emission from SiII λ6355.
If confirmed, this would be an unexpectedly large frac-
tion SNe Ia with carbon [5, 8]
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Fig. 3: Pre-maximum spectra of 11 SNe Ia showing CII λ6580 absorptions(up-
per panels). Two examples of non-detections are also shown(lower panels).
The colored bands mark the position of the CII λ6580 for expansion velocities
between 9,000 and 15,000 km s−1.

Photometric Properties

SNe with C II show awide range
of decline rates, consistent with the
complete sample and including one
fast-declining object (SN 2009F)
with ∆m15(B) = 1.7 (Fig. 4).

Although the sample is small, there
is a trend towardfaint SNe, with
respect to the best-fit Hubble Law
[2] (Fig. 5).

Fig. 4: Distribution of decline rates∆m15(B) for the 33
SNe Ia (black) and the SNe with CII detections (blue).

Fig. 5: Distribution of absolute peak magnitudes inB after
correcting for decline rate and color. Colors as inFig. 4.

Line Velocities

Fig. 6: C II λ6580 and SiII λ6355 expansion velocities as a function of the SN
phase.

(Fig. 6) If the absorption is due to C II λ6580,
carbon appearsonly up to 1500 km s−1 above the
silicon layer andalways below 13000 km s−1.

Pseudo Equivalent Widths

Fig. 7: Evolution of the CII λ6580 pseudo equivalent widths.

(Fig. 7) The strength of the detection is represented by
thepseudo equivalent width of the absorption relative to
the surrounding flux. The feature weakens with time.

Conclusions
At least one thirdif the SNe Ia from a homoge-
neous sample show an absorption which could be
identified with CII λ6580 in spectra obtained be-
tween 11 and 3 days beforeB-band maximum
light.
These SNe show awide range of decline rates
(0.85 < ∆m15(B) < 1.75) and a possible trend
toward positive (faint) Hubble residuals.
If carbon is present, it appears detached from the
photosphere by≈1000 km s−1 andbetween 11,000
and 13,000 km s−1.
Such low velocities would be in agreement with
3-D deflagration models.
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