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Astrophysical Relevance of Type la Supernovae

Chemical evolution Explosive nucleosynthesis
main producers of iron combustion, turbulence

Cosmic-Ray Acceleration
supernova remnants

Binary stellar evolution
mass transfer, grav. waves

Cosmology, Dark Energy
distance measurements
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SN la Standard Model

[ Thermonuclear disruption of a C/O WD star near the Chandrasekhar mass = 1.4 M
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SN la Standard Model

[ Thermonuclear disruption of a C/O WD star near the Chandrasekhar mass = 1.4 M
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Explosive Interlude...
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Explosive Interlude...

time = 1.50000E+00 seconds
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Observed Diversity of SN la Population

Variation in peak luminosity Diversity at a given luminosity
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[ Evidence for multiple progenitor channels and explosion mechanisms ?]
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Difficulties in Constraining SN la Progenitors

No direct detection of SN la progenitors (e.g., SN 2011fe in M101, D=6.4 Mpc)

c

Excluded:
X Red Giants

X M>3.5Mg
X He star

X RNe M, = 0

Indirect constraints from:

<> potential progenitor populations (recurrent Novae, binary WDs, ...)

< early post shock-breakout luminosity (R, < 0.1 Rg for SN 2011fe)

<> interaction with binary companion + CSM (M < 10° Mg yr* from radio/X-ray limits)
<> surviving companion star in SN remnants

<> SN rates vs. host stellar population

[ Need constraints from numerical simulations! ]
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Numerical Setup for SN la Modelling
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2. Explosion
1D hydro + burning
Homologous expansion

v(r) ¢ r @ t,,, <1 min
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3. Radiative Transfer
1D non-LTE (CMFGEN)
Time-dependent D/Dt
Non-local energy deposition
Non-thermal effects

Hillier & Dessart (2012)
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4. Comparison to Observations
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Chandrasekhar-mass Delayed-Detonation Models

Maximum-light spectra (Blondin et al. 2013)

' M., = 0.81 M, - . "
M ™ SN 2009ig Initial deflagration transitions to a

073 M, ] detonation at a fixed density, p,,
SN 2004dt
i 56\
0.65 M, [LOWEI‘ p, = Less >°Ni = Lower Lpeak]
SN 2005cf

JM 056 My, [ 1 but same kinetic energy !
SN 2002bo

0.46 M|
SN 1992A
0.34 M|
SN 2007hj

024 M, Decreasing
SN 2003gs >6Nj mass

0.18 M | Temperature
1297y lonization

2000 4000 6000 8000 10000
Wavelength [A]

Stéphane Blondin (LAM) Journées de la SF2A 2015 - Atelier PNPS/PNHE "Stades Ultimes" 11




Chandrasekhar-mass Delayed-Detonation Models

Good match to spectral evolution
between 1-100 d past explosion

¢/ chemical stratification
v/ spherical symmetry
¢’ no fine-tuning!
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Link to SN Ia Remnants

TycHoSNR .. _. g~ = lton Silicon

v/ spherically symmetric

v stratified ejecta

Imhage.Credit: MPIA/NASA/Calar Alto Observatory :
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Link to SN Ia Remnants
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Image.Credit: MPIA/NASA/Calar Alto Obser
Stéphane Blondin (LAM) Journées de la SF2A 2015 - Atelier PNPS/PNHE "Stades Ultimes" 14




Chandrasekhar-mass Delayed-Detonation Models

Blondin et al. (2015)

DDC15 vs. SN 2002bo
Atp=-124d

X too faint/cool at earliest times

Scaled F, + Const.

Aty =56.2 d
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Chandrasekhar-mass Delayed-Detonation Models

Blondin et al. (2015)

DDC15 vs. SN 2002bo
Atp=-124d

X too faint/cool at earliest times
X Ca 11 8500 A emission (Co Il ?)
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Pulsating Delayed-Detonation Models
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Pulsating Delayed-Detonation Models

log,, Density [g cm ]

log,, Temperature [K]
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Pulsation leads to a density cliff
and a hotter outer ejecta

Impacts early-time spectra:
<> unburnt C/0O at large velocity
<> narrower lines

<> bluer optical colors

... independent of °°Ni mass!

Expect similar interaction in
double WD mergers
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Pulsating Delayed-Detonation Models
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Pulsating Delayed-Detonation Models
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Pulsating Delayed-Detonation Models

[Better match to the nearby SN 2011fe] ' | "]
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Sub-Chandrasekhar-Mass Models

| |
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1 Pure detonation of sub-M., WD
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[56Ni extends to outermost ejecta ]

1 Impacts light-curve evolution:

<> faster rise to maximum

| < faster post-maximum decline
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Sub-Chandrasekhar-Mass Models
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[Bet‘ter match to subluminous events]
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Conclusions & Future Work

s a
< Standard Chandrasekhar-mass model matches most normal SN la

<> No evidence for strong departures from spherical symmetry
<> Pulsation/interaction produces diversity at a given luminosity

<> Sub-luminous events appear to require less massive progenitors
\ J
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Conclusions & Future Work

s a
< Standard Chandrasekhar-mass model matches most normal SN la

<> No evidence for strong departures from spherical symmetry
<> Pulsation/interaction produces diversity at a given luminosity

<> Sub-luminous events appear to require less massive progenitors
\ J

<> More realistic WD progenitors from stellar evolution models

<> Compare 1D to angle-averaged multi-D explosion models

https://www-n.oca.eu/supernova/home.html
\_ Y,
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