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Type la supernovae are the result of the thermonucleartisruof massive white dwarfs made of
carbon and oxygen, but the details of the explosion mechaais largely unknown. Most current
explosion models invoke either a pure turbulent deflagnaiica delayed transition to a supersonic
detonation. Although both mechanisms can coexist, andustdor part of the observational
sample, only delayed detonations seem able to explain theobthe so-called normal Type la
supernovae. Here we report on two numerical experimentsdtmexplore the conditions under
which a deflagration-to-detonation transition can be olet@j and their consequences
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1. Introduction

The knowledge of the physical mechanism by which a white @vgadisrupted by a ther-
monuclear explosion is relevant to many topics of moderrophysics. A satisfactory model of
the explosion becomes crucial to better understand Typagarsovae, which in turn have pro-
found implications in cosmology and in studies of the dyreif the interstellar medium and
the chemical evolution of galaxies. Although the more glalesmodels of the explosion always
involve the thermonuclear disruption of a white dwarf, therent zoo of explosion mechanisms is
still too large to be useful in cosmological applicationsTgpe la supernovae or to make it possi-
ble to understand the details of the chemical evolution efGlalaxy. Nowadays, the favored SNla
model is the thermonuclear explosion of a white dwarf tharapches the Chandrasekhar-mass
limit owing to accretion from a companion star at the appiaiprrate to avoid the nova instability.
Other types of models, such as the sub-Chandrasekhar nmwdéls double degenerate scenario,
although not completely ruled out, either are not able tdampven the gross features of the spec-
trum and light curve of normal supernovae, or face theaktbjections (e.g. Nugent et al. [1997],
Napiwotzki et al. [2002], Segretain, Chabrier & Mochkotitfd 997], Saio & Nomoto [1998]).

The huge increase in number, quality and diversity of olzgemal data related to Type la
supernovae (SNIa) in recent years, combined with the advemcomputer technology, have per-
suaded modelers to leave the phenomenological calcutatiat rely on spherical symmetry, and
attempt more physically meaningful multidimensional diations. Admitting that at least part of
the diversity shown by the Type la supernovae sample istlireslated to the explosion mecha-
nism of a Chandrasekhar-mass white dwarf (Hatano et al.0[206urrent multidimensional hy-
drodynamical calculations should be able to allow for a wiglege of nickel masses synthesized
in different events. Lacking multidimensional studiestod tight curve and spectra, it is certainly
risky to interpret the results of the three dimensional esiein simulations in order to elucidate the
explosion mechanism and discriminate between models. Haweven admitting that a perfect
match between the observed luminosity and spectral esalutf SNla and those deduced on the
base of angle-averaged versions of the 3D explosion moslats ito be expected, there are a series
of tests that a good normal SNla model should pass:

e There should be no more than a few tenths of unburnt carboingat low velocities (Mar-
ion et al. [2003], Baron, Lentz & Hauschildt [2003], Kozmaadt[2005]).

e The ejected mass 8fNi should reach- 1 M..,, after neutronization due to electron captures
is properly taken into account (Mazzali et al. [2007]).

e The final kinetic energy should be on the order or larger thioeX1 foe= 10°! ergs).

¢ Intermediate-mass elements should be generated in amexeceeding~ 0.2 M, (Garcia-
Senz et al. [2007]).

e The ejecta should be chemically stratified, as demanded $gredtions of supernovae and
remnants (Badenes et al.[2006], Gerardy et al.[2007], klaez al. [2008]).

e Large clumps of radioactivéPNi and other Fe-group elements should not be present at the
photosphere at the time of maximum brightness (Thomas §@02], Baron et al. [2008]).
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Nowadays the best models involve a white dwarf with a mass theaChandrasekhar-mass
limit in which a nuclear fuel ignites in one or many sparksuen the center and thermonuclear
combustion propagates henceforth through the rest of #ne lst these models the starting point
of hydrodynamical calculations is the thermal runaway edusy the screenetfC+2C nuclear
reaction in degenerate conditions. The shape of the iyitiatinerated region probably does not
keep the spherical symmetry that characterizes previgusphtatic, stages due to the stochastic
nature of ignition and to the role played by hydrodynamidabgities. Many exploratory stud-
ies carried out in the past using one-dimensional hydraayes have shown that the key point
to achieve a successful explosion relies in the proper aitim of the velocity of the combustion
front (Niemeyer & Woosley [1997], Hillebrandt & NiemeyerdQ0]). Although the flame velocity
is large, close to 100 knT$ (Timmes & Woosley [1992]), it is quite subsonicz 0.01vVsoung Where
Vsound iS the sound speed. These velocities are far below the neapgrsonic velocities which,
according to many one-dimensional simulations, are negalddbw away the star. Accounting
for turbulent acceleration of the flame can help obtaininga@rgetic explosion, but still far be-
low what is needed to explain bright SNIa, even after an ateuselection of the optimal initial
conditions at the thermal runaway (Ropke et al. [2007]).

There have been several attempts to bypass the weakneskdkagfation models, preserving
at the same time many of their advantages, by postulatingdesutransition from a subsonic defla-
gration to a supersonic detonation (lvanova et al. [1974pkblov [1991]), i.e. the multidimen-
sional version of the delayed detonation model: Arnett &ley1994], Livne [1999], Golombek &
Niemeyer [2005] in 2D; Garcia-Senz & Bravo [2003], Gamezhpkhlov, & Oran [2004, 2005],
Ropke & Niemeyer [2007] in 3D. In particular, the recent woflGamezo et al. [2005] produced a
satisfactory thermonuclear explosion, thus solving mdriieproblems of pure deflagration mod-
els. The density at which the jump to the detonation takeseptead to be estimated because the
physics behind the deflagration-to-detonation (DDT) titéarsis not well understood. In Gamezo
et al. [2005] the adopted transition density was rather,hpgh- 2.5 x 108 g cm 2 and the detona-
tion was induced near the center of the white dwarf. Ropke &dyer [2007] explored the range
of explosions that would result if the DDT took place in theemshells, at ~ 1.7 — 1.8 x 108 cm,
after a huge expansion due to subsonic combustion initiatedfew hot bubbles. They used a
physically motivated criterion to switch on a DDT, namelatthe combustion entered the dis-
tributed regime, in which mixing of burnt and fresh fuel bylulence fluctuations at the scale of
the flame width might trigger a detonation. This criteriod te consistent results with respect to
the final kinetic energy and to the mass of Fe-group and irddiaite-mass elements synthesized.
It also allowed the almost complete depletion of carbon endénter.

In this work we have explored the conditions under which aaggfition-to-detonation tran-
sition can arise within C-O matter contaminated by tracebl®f The context of our work, the
methodology, and the results are presented in the nextoBedtiater, we show the results from
three-dimensional simulations of the delayed-detonadienario aimed to discern the sensitivity
of the explosion properties on the location of the regionnetiee DDT occurs.

2. The role of He in deflagration-to-detonation transition

The essential feature of detonation initiation is the fdioraof a non-uniformly preheated
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region with a level of fluctuations of temperature, densityd chemical composition such that a
sufficiently large mass burns before a sonic wave can croshé thermal gradient needed is given
by (Khokhlov [1991]):

oT

aT <
AVsoundTi

2.1)

whereA is a numerical coefficienA~ 0.2—5.0, 1j = T/T is the induction time at the temperature
T, and® ~ 0.04— 0.05 is the Frank-Kameneetskii factor:

alnT
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Such fluctuacions could be produced by a variety of mechaniadiabatic pre-compression in
front of a deflagration wave, shock heating, mixing of hotesshvith fresh fuel (Khokhlov [1991]),
accumulation of pressure waves due to a topologically cemgéometrical structure of the flame
front, or transition to the distributed burning regime (Mieyer & Woosley [1997]). Among the
proposed mechanisms of transition, turbulence pre-conitig has received the most attention.
Khokhlov, Oran & Wheeler [1997] determined the criteria ®DDT in unconfined conditions
such as those realized during the expansion of a white dwhofrfing a deflagration phase. For
a DDT to be feasible, the turbulent velocity has to exceedahenar flame velocity by a factor
1-8 at a lengthscale comparable to the detonation waventbésk This criteria was fulfilled for
flame densities in the rangex51(P g/cn? < p < 2—5 x 107 g/cn? for reasonable assumptions.
At densities in excess of $@/cn? a DDT transition is quite unlikely (Khokhlov et al. [1997]ub
see Zingale & Dursi [2007] who pointed to bubbles fragmeotaas a way to increase the flame
surface and facilitate a DDT @t~ 2 x 10° g/cn?).

Small-scale simulations are needed to ascertain if thessacg conditions for a DDT are
actually reached during a white dwarf explosion driven by#iagjration wave. Up to the present,
such studies seem to disfavor a DDT in view of the robustnesshsonic flames against interaction
with vortical flow (Répke, Hillebrandt & Niemeyer [2004]) fdhe typical maximum expected
velocites at the integral scale, 100 km/s (Lisewski, Hillebrandt & Woosley [2000]). Moreaye
Niemeyer [1999] estimated that the size of the fluctuatibas ¢an be expected from turbulence at
the critical densities is- 3 orders of magnitude smaller than required for a DDT to accur

One way to favor a deflagration-to-detonation transitio@i® matter is to mix it with a small
guantity of He, which both is more reactive and releases reasggy than carbon. Actually, a
very small cap made of He might rest atop of the white dwarhatrhoment of carbon runaway,
as a result of previous accretion from the companion stararbtnary system. This helium could
either have been accreted directly from a He star or resurit the nuclear processing of accreted
hydrogen. Héflich & Khokhlov [1996] suggested the pressasfae~ 0.01 M, cap of He would
improve the match of calculated and observed light curvdss fielium might accumulate from
the surrounding accretion disk if the accretion rate werecoenastant, for instance if it dropped
below the critical rate for steady burning. Cumming et 8094, 1994] detected indications of two
He | lines at 2.04um and 1.052um in the spectra of the spectroscopically normal SN 1994D.
The absorption feature at 1.@8n has been since detected in the early spectra of many otHar SN
(see Nomoto et al. [2003], Pignata et al [2008]), althoughidentification is problematic since
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this line could rather be due to Mg Il (Wheeler et al. [19984t&ho et al. [1999]). An interesting
possibility is that the He | line is blended with other linesrh magnesium and, possibly, other
intermediate-mass elements. Up~d).01 M, of He might remain hidden this way (Mazzali &
Lucy [1998]).

If it actually exists, the small cap of helium will have sesdechances to mix with the outer
layers of the surrounding C-O rich white dwarf. One first apoity arises during the convec-
tive simmering phase that affects most of the white dwarftshdefore the explosion (Khulen,
Woosley & Glatzmaier [2006], Piro & Bildsten [2008], Charaklet al. [2008]). Even though
convection during simmering is not expected to reach theroust layers of the white dwarf, the
associated motion can excite pulsating and non-spheriodermstabilities of the star that would
facilitate diffusion of He into the C-O layers. Another oppmity for mixing He within C-O layers
is during the deflagration phase of the explosion itselfblilence and, especially, Rayleigh-Taylor
instability induce large radial excursions of huge volurakashes that destabilize the whole white
dwarf and can result once more in the mixing of an eventuareat He layer with the C-O be-
neath it. Hence, even though it may seem a speculative $oeaae cannot discard the possibility
that He is present in some small mass fraction within theené#ttt is prone to detonate in a DDT
model. Mixing of He within a detonating region seems moreliikn scenarios in which the transi-
tion to detonation occurs in the outermost layers of theawthivarf, e.g. those described in Plewa,
Calder & Lamb [2004], Bravo & Garcia-Senz [2006] and Répkeodley & Hillebrandt [2007].

We have explored the effect due to mixing of a small quantftyfe with the predominant
C-O material upon the conditions needed to launch a detaimati a white dwarf, following a
methodology similar to that of Arnett & Livne [1994] and Nieger & Woosley [1997]. We have
followed with a one-dimensional supernova code the hydradyical and nuclear evolution of a
uniform density sphere made of C-O in equal amounts comguaismall mass fraction of He. This
thermonuclear bomb was provided with a primer consisting timermal profile characterized by a
central peak temperature followed by a constant negatemrthl gradient up to a lagrangian mass
coordinateMp,; where the temperature went down t6® X0, and remained constant at this value
for the remaining of the ball. The numerical setup of thesmenical experiments, as well as the
physics included, were alike those described in Niemeyerdb$ley [1997]. Once the sphere was
allowed to evolve it was subject to two opposite competirfgaté: on the one hand it expanded
and cooled due to the excess pressure exerted by the sudieardtion of the hot primer but,
on the other hand, ongoing reactions released nuclear \etieaity helped keeping a high value
of temperature. Which of the two effects wins is what deteesiif a detonation is successfully
launched or not. The numerical experiments are therefaseacterized by four parameters: the
central temperaturel;, the uniform sphere densitg, the mass of the primeMy;, and the He
mass fractionX(He). In order to limit the dimensionality of the problem we hawfprmed the
calculations at a fixed densityp = 1.5 x 10° g cn3, while a range has been explored for the
rest of the parameters:.Qx 10° K < To < 1.8 x 10° K, 3 x 107 g < Mp < 3x 10?° g, 002 <
X(He) < 0.20. For the extreme values of primer mass considered thesbafid crossing time
ranges from 0.01 $Mpri = 3 x 107° g) t0 0.3 s Mpri = 3 x 10?° g), meaning that as the primer mass
increases there is more time for building the detonatiarctitre and hence it is easier to start such a
detonation. The detonation initiation conditions in pur®©C@natter (50% each by mass) are given
in Table 1, while our results concerning the detonationdtian conditions in He-contaminated
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P TC Mgri
(gem3)  (10°K) (9)
3x10F 2.3 2x 1078
100 1.9 15x 10?7
100 2 11x10%4
100 2.2 2x 10%°
100 2.8 25 x 1023
10 3.5 2x 1073
2x10° 2 29x 104
3x10" 2 4.9 x 1020
3x10’ 5.2 2x 101°
5x 10" 2 1.1x 10%°
100 2 5.5 x 10
100 6.2 2x 1015

(a) Compiled from Arnett & Livne [1994], Niemeyer & Woosley [18Pand Répke et al. [2007]

Table 1: Summary of detonation initiation conditions in C-O matter

C-O matter are shown in Table 2.

The data in Table 1 can be interpreted either as the minimimmepmass for which a det-
onation is initiated in C-O matter at a given density and pesgiRperature or as the minimum
temperature for which a detonation is correspondingly inbthat a given density and mass of the
primer. Either way, the qualitative trend is that the smate density the harder to initiate a det-
onation while, at fixed density, the higher the peak tempeegate less primer mass is needed to
detonate the sphere. From Table 1 it stems that at densitibe range 10— 108 g cm2 the abso-
lute minimum temperature needed to initiate a detonation 2s< 10° K. At lower densities (e.g.
3x 10° g cm 3 the primer mass necessary to initiate a detonation at sugbet@tures becomes a
non-negligible fraction of the star mass, hence achievémiethe detonation initiation conditions
becomes increasingly difficult.

As shown in Table 2 addition of a small quantity of He to the Gjibhere makes detonation
initiation far easier. In our numerical experiments we hawesidered two distributions of He
within the sphere, either constrained to the primer (in ¢aise the role of He is limited to a larger
release of nuclear energy with respect to pure C-O) or umifpdistributed through the sphere
(thus taking also into account the larger reactivity of H&hwespect to C-O matter). For a 10%
He mass fraction a detonation is feasible even at a temperasusmall as fOK provided that a
large enough primer mass (1.5 x 1074 M,,) is raised. Note that in this case the total mass of He
needed is just above3x 10-° M.,. For a 5% He mass fraction the minimum temperature needed
to achieve a stable detonation rises 81 10° K, for the same primer mass as before. The results
obtained with a peak temperature o X 10° K and Mpri = 3 10?7 g show an interesting behavior:

a 20% mass fraction of He constrained to the primer was net tbinitiate a detonation, while
with a modest 10% He mass fraction uniformly distributeatiyh the whole sphere a detonation
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T M3, X(He)® He-distributio Detonation?
(10°K) )

1.0 3x10%°  0.10 primer y
1.4 3x10%®  0.10 unif. y
1.4 3x 107" 0.02 primer n
1.4 3x10°"  0.05 primer n
1.4 3x10*"  0.10 primer n
1.4 3x 107" 0.20 primer n
1.4 3x10*"  0.10 unif. y
1.4 3x10%°  0.05 primer n
1.4 3x10%°  0.10 primer y
1.8 3x 10?7 0.05 unif. n
1.8 3x10%°  0.05 primer y

(a) In all the calculations the density wask 1P g cn3 uniform
(b) Local He mass fraction

(c) Primer: He concentrated in the primer. Unif.: He uniformigtdbuted through the whole
sphere

Table 2: Detonation initiation in C-O matter with traces of He

was obtained. This results suggest that the main reason loh e facilitates the transition to a
detonation in C-O matter is because of its larger reactigtiier than because of its larger nuclear
energy release.

To conclude this section we remark that the initiation of todation is a highly non-linear
process in which a modest variation in the environmentatlitmms can have a large impact on the
evolution. The possibility that He is present mixed with G¥@en a DDT is prone to occur is just
one example.

3. Delayed detonation simulations

Given the scarcity of three-dimensional simulations ofdakyed detonation scenario and the
complexity of the problem, itis interesting to perform diuhal calculations that explore the range
of initial conditions of the DDT. In this section we presemwnthree-dimensional simulations of
delayed detonations in white dwarfs aimed to test the seibgivf the results to the spatial locations
of the DDT. The simulations were performed with a Smootheti¢ta Hydrodynamics supernova
code described in Bravo & Garcia-Senz [2008].

All the delayed detonation models presented here start loyremon deflagration phase. This
phase begins when the first sparks ignite in the centralmegibthe white dwarf and ends when the
first detonation wave appears. Both modes of burning prdmagean coexist for a while during
the detonation phase although the efficiency of the deflagri far below that of the supersonic
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detonation. In our computations the deflagration algorithas switched off once a DDT was
artificially induced.

The initial conditions were that of an isothermal Chandkaae-mass white dwarf in me-
chanical equilibrium. At = O the particles contained in a central volume were instaaasly
incinerated, from this time on the flame propagated at a phestsubsonic velocity during the de-
flagration phase. During the first half second the flame fremiained nearly spherical. Afterwards,
the fingers characteristic of the Rayleigh-Taylor insigbileveloped very quickly, which resulted
in hot material rising and cool unburnt carbon and oxygerudtihg towards the center. As the
flame surface increased due to the hydrodynamic instalsilithe rate of released nuclear energy
and the effective burning velocity also did. &+ 0.9 s the burning front displayed the mushroom-
like shape characteristic of the non-linear Rayleigh-daykgime, encompassing a large fraction
of the white dwarf mass. As a consequence the rate of nuategigye generation went up steeply
until a maximum value of B x 10°! erg s'* was achieved at t=1.1 s. At= 1.55 s the average
flame density was on the order 0k210” g cn3, and the deflagration algorithm was inefficient to
propagate the flame. We took this moment as the time of onskeafetonation.

To explore the sensitivity of the results to the location i DDT we used alternative pre-
scriptions to select the particles in which a detonationtoauk induced:

e Core detonation. All flame particles whose radius were lavan 13 x 108 cm were instan-
taneously incinerated. The density in these regions wasehifpan~ 4 x 10’ g cm 3.

e Mid-altitude detonation. In this variant all flame partglevithin radii 17 x 108 cm and
2.0 x 10° cm were instantaneously incinerated. Their mean density approximately~
2x 10" gcm 3.

e Atmospheric detonation. All flame particles withind2 108 cm and 28 x 10° cm were
instantaneously incinerated. Their densities ranged frofn« 10° g cm 3 to ~ 10” g cm 3.

In either case, after a transient induction period, a stdétenation was formed. Because the
detonation was initiated in a more or less uniform way in gdarolume within the white dwarf,
there followed a period of rapid and generalized combud#gading to a temperature distribution
much more homogeneous than that of the preceding deflagztimse. There were several detona-
tion fronts cut off from each other because of the presenestoés from the previous deflagration
phase. Those detonation fronts propagating close to thercgynthesized additional quantities of
56Ni, whereas detonations traveling through lower densiggia synthesized intermediate-mass el-
ements. In this way, the DDT allowed the partial compensatidhe shortcomings of the previous
deflagration stage, giving an improved explosion model.

The results of the simulations are given in Table 3, togethién the results from Gamezo
et al. [2005] for comparison purposes. The total amount®6e (after radioactive decay) and
intermediate-mass elements ejected in the explosion anpatible with, but on the low side of,
the range allowed by SNla observations. Another positiaéufe of the model is that the ashes are
not concentrated in large clumps, contrary to what is uguddtained in pure deflagration models.
In addition, there remains little unburnt carbon and oxygiese to the center. However, there are
too many Fe-group elements close to the surface of the wiviefdespecially too much radioactive
56Ni. Moreover, the ejecta is not chemically stratified. S¢abe-group nuclei are nearly absent
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Model K Mnse Msg Mime Mco  Mmax  AMis
(10°terg) Mo) (Mo) (Me) (Mo) (mag) (mag)

Central DDP 0.8 0.78

Off-center DDP 0.8 0.73

Central high-density DDT 1.1 0.94

Core detonatioh 0.48 0.71 043 0.10 0.48 -18.63 0.57

Mid-altitude detonatioh 0.51 0.69 042 0.14 045 -18.76 0.66

Atmospheric detonatidh 0.33 059 034 0.09 057 -1854 0.95

(a) Gamezo et al. [2005]

(b) This work

Table 3: Results of 3D delayed detonation simulations

from the low velocity layers of the ejecta, which does notchahe requirements from infrared
observations of SNla (Motohara et al. [2006], Gerardy €28l07], Fesen et al.. [2007]).

Compared to the 3D DDT models calculated by Gamezo et al.52@ur models kinetic
energy is substantially lower, although the amount of FRigmuclei synthesized is similar. This
points to a quite different production of intermediate-siakements, as a result of a different time
of induction of the DDT in both classes of models. In geneg&amezo et al. assume the DDT to
occur at a higher density than in our models. With respedtaeffect of the spatial location of the
DDT, both Gamezo et al. models (central vs off-center) andhmadels show that the outcome of
the explosion is not quite sensitive to it. The diversity gpsrnova explosions obtained with the
different prescriptions used for the DDT is not as rich as tisaally achieved in one-dimensional
delayed detonations. The kinetic energy varies at mostiif fbes, whereas the range BNi
masses spans from 0.34 to 0.43 MBy contrast, one-dimensional models with transition dess
in the same range as we have explored produce explosionkinétic energies that change by
0.34 foes an@®Ni masses ranging from 0.38 to 0.97.MBadenes et al. [2003, 2005]).

In Table 3 we give as well the results of the calculations dbimetric light curves of our
3D delayed detonation models. These light curve calculatisere performed in one dimension,
assuming spherical symmetry, from angle-averaged vessibrthe 3D explosion models. The
method followed to calculate the light curve was the samenaBravo et al. [1993]. The last
two columns of the table give the maximum bolometric magtgtand the decline in bolometric
magnitude during the first 15 days following the maximulMi5. The maximum luminosities
achieved by our models are small compared with normal b&iig, but are still comparable to
normal or peculiar underluminous SNla. Such a comparispefformed in Fig. 1, where we plot
the relationship between the mass#li synthesized andM;s, together with observational data
obtained by Stritzinger et al. [2006]. The atmospheric dation model fit nicely with the obser-
vational data, whereas the light curve of the central andatiitlide detonations are too brdad

1The most energetic 3D deflagration models are able to fit dsaswehe atmospheric detonation model, see Ropke
et al. [2007]
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Figure 1: Relationship between the mass°6Ri synthesized in SNIa explosions and the decrease in bolo-
metric magnitude 15 days after maximufiM1s. Crosses are data for a sample of well observed SNla from
Stritzinger et al. [2006], circles belong to the present &aged detonation models

With respect to the models from Gamezo et al. [2005] in Taptadir larger®®Ni mass and kinetic
energy is expected to imply a faster decrease of the bolanme#agnitude after maximum than our
delayed detonation models, hence a smaller valutsMyfs that would put them out of the trend
of observational data in Fig. 1. However, in the absence wighdight curve calculations of their
models, any conclusion about their predicted observdtimmagerties has to be considered as very
speculative.

4. Conclusions

In spite of recent advances in 3D modeling of delayed deimmsitof white dwarfs, current
models are still far from passing basic observational 183is few one-dimensional spectral calcu-
lations from angle-averaged 3D SNla models (e.g. Baron §@08]) did isolate several deficien-
cies when compared to observed SNla spectra: the formatiamdetected lines of C, an incorrect
shape of the S lines, and an excessive abundance of Fe-demuprgs in the outer layers of the
ejecta. On the other hand, observed bolometric light cuaveseasily reproduced by current 3D
models of SNIa.

One of the most interesting questions concerning 3D SNlaefsod the chemical profile
of the ejecta. Observations suggest that supernova ejgaitally consist of a smooth, central,

10
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iron-rich core and an outer layer with chemical asymmeifi@@&srardy et al. [2007], Wang, Baade
& Patat [2007], Mazzali et al. [2008]). The stratified coréairs memory of the initial flame
propagation, with electron-capture nuclear statistiqailéorium (NSE) elements at the center (in-
nermost 0.2-0.3 M) and radioactive?®Ni surrounding it. The outer layer is thoroughly mixed,
dominated by intermediate-mass elements (mainly Si) witbranegligible abundance of oxygen
and Fe-group elements. Such a chemical profile suggestsltwihg properties of the explosion:

1. The deflagration front has to be stable at small scaldisrigtorder to avoid turbulent accel-
eration of the flame and allow substantial electron captir@soceed.

2. The deflagration front has to be stable at large scaldisnigirder to avoid mixing out stable
Fe-group nuclei.

3. A sudden, probably inhomogeneous, acceleration of theirm rate, following expansion
by a factor 4-5 in radius, starts a detonation wave.

Matching these requirements with parameter-free 3D sitiomg of white dwarf thermonuclear
explosions would be a high achievement of supernova theory.
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