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hermonuclear (Type la) supernovae:

> They are a homogenous ‘class’

> They make most of the Iron In the
Universe

» They make so\me  p-process elements

> Some of them make n-rich isotopes such

as %8 Ca, 50Ti and 54Cr
» They can be used as dlst\ce Indicators

This is based on the assumption thm are
all Chandrasekhar-mass C+0O white dw } \






Thermonuclear (Type la) supernovae:

Can we be sure about all of this?






Optical light arrived in 1572

Supernova




The echo has spectrum "
of a normal SN la
(Krause et al. 2008)
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X-ray spectrum (Badenes et al. 2006): M(Fe) = 0.74M,




Thermonuclear (Type la) supernovae:

How ‘hiomogenous’ are they as a ‘class’?



The ‘Branch normals’ and other SNe la:

Branch et al. (1993), based on a sample of 84 SNe




Peak luminosty/light-curve shape correlation:

Phillips et al




A recent Phillips relation:

the “beauties’” and the “beasts”
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AN example of_a "weird" SN la:
>IN 2009dc
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The properties of 09dc (and other very
pric ht S N e E)

\

> High peak Iu'f“'ms"fy broad light curves & low
ejecta velocity N

> large Ni mass (?) (~ 1&MSun of 9°Ni)
> large ejecta mass (?) (> IMSUH)

> At the same time unburned material at rather low
velocities

What are they ????




ther ‘welrdos’:

> '91bg like':

low Iummosﬁry (~O 1 Mg, °°Ni), evidence for unburned
C&O:; strong Tia %phon

> '02cx/05hk like:
sub-luminous (~0.2 M, °°Ni), narrow lines

> 'ObE/0Obcz like':
very low Ni masses (0.01 - 0.05 M_,,), Ca rich, He lines,
low ejecta mass(?)

What are they ????




‘Weirdos’ are not rare! Relative rates:

(Li etal., 2011)

‘Normal ¢
70%




~ The ‘z00’ of (possible) thermonuclear

Y 2

» ‘Single degenerates’ _
e Chandrasekhar mass ‘ .
Pure deflagration | |
S

‘delayed’ detonation
e sub-Chandrasekhar

» ‘Double degenerates’ E "= \
e C/O + C/O e '

e C/O + He

S

\Which of them are realized in Nature? All of them?

e



)cfeyv examples:
1. ‘PuWIagration’ SD (M= 0.2M_, )

Log. flux + offset
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ynthetic lightcurves:
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Typical ‘pure
deflagation’ model
20 (blue)
compared with
various ‘normal’
- SNe la (red) and
\Q{N 2005hk

(green)
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Synthetic spectra:

"Pure
deflagation’
models (red)
fit some
peculiar faint
SNe la
(SN 2005hk,
- blue), but neither
\normal nor
subluminous
ones




)

deflagratio %ﬁfmc[mse/{ﬁar—mass

explosions???

Are the %005&{—[1’@5 the ‘pure-




2. ‘Delayed detonation’ SD (My; = 0.6M_,)
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‘@e[ay)a&[gtonation ' Chandrasekhar-
mass explosions fit lightcurves (and
spectra ) of rmal SN Ia well.
Do we need anything more???



Canonical M . DD models do not follow the
Phillips relation and they are too red’ !
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Simetal. (2013)



Are some SNe Ia (or all?) ‘super-Chandra’
\ ( \ ’ ) ~ °
mergers and/or ‘sub-Chandra detonations???




he basic 1dea:
Let there be detonatins only!

decreasing fuel density >

nuclear statist. equilibrium intermediate-mass elements oXygen no burning

(iron group elements) Si, S, Ca etc. from C-burning C+0

The different luminosities of a SI\Na (the mass of
radioactive °°Ni) may be a result of different
white dwarf masses ! N



An example: “sub-
Chandra double-
detonation’ model

0.2 04 06 08 10 12 1.4
rincm 1e9

Fink et al. (2010)



Synth etic LCs ....
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.... and spectra
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Blue lines: SN 2004eo 3d before B,,,, (Kromer etal. 2010)



time:—66,00s
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Violent merger of two WDs of ~ equal mass:

> Detonation likely
» Will be faint (in general, if M= 0.9 M )
e



Synthetic LCs ...
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... and spectra
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namical meroer of two WDs of similar masses:

1.1 + 0.9 M, light curve predictions
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~ Can we get more information on the

\ -
rogenitors?
. R
1. Direct Ey&ervations: SN 2011fe in M101 (d~6 Mpc)
“9 ; (il
o i 2

Li et al. (1011): donor was not a red supe&ia.n'(!/
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\What else can we do to get information on
tﬁ&progenitors?




Circum-stellar gas
Stripped gas from a (MS) companion:

logo p [g cm~?]
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Was never seen!



Normalized Flux

i rC um-stellar gas

Varlable Na |ID absorption (e.g. SN 2006X,

ol 100 150
Relative Velocity (km/s)

Patat et al. 2007 )

Evidence for
circum-stellar gas!
Only seen in SNe

In spriral galaxies!

Recurrent nova?
Or also 1n some
DDs?



Rates and delay times

Expected delay times:

Sub-Mch model: helium star donors
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(Ruiter et al. 2011)



Peak-luminosity distribution from DD mer
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Summary and conclusions

ype IaSu pernovae are well explained by
thermonuclear explosion models of white dwarfs,
but they form a rather inhomogenous class!

The normal ones\?ﬂO%): What are they? Mostly

The “abnormal’ ones maheup for 30% (or more).
Why are they “different’? Different progenitors?

How can we separate them from\fh%(‘dnormal’ ones’
If we have broad-band photometry and one (or at
most) two colors only (as in future cosmology
surveys)? Evolution???




If all (or most) of this Is correct there should be
many ‘fast and faint’ transients which have escaped
discovery (low-mass mergers, low-mass core
detonations, Iow mass edge-lit detonations ...).

Where are they? Or*\\*\h\qve we seen them already?
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