supernova la progenitors
overview of light curves and spectra

daniel kasen



zeroth order SNla model

explosion ejecta
[ ~ Secs

progenitor

need to examine subtleties
(line features, asymmetry, CSM)
compare to imperfect models,
get mixed messages

spectra
light curves

.............................................................




variety of progenitors/explosions
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Mch model sub-Mch model
(central or off-center ignition) (double detonation)
C/O WD + H star C/O WD + He star or WD

merger/collision of
two C/O white dwarfs




Mch delayed detonation models

central ignition off-center ignition
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delayed detonation models
good fit to observed spectra/lightcurves
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variations in Fe-group blanketing

affect the UV brightness
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companion interaction and early light curves

companion
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absolute magnitude

companion shock signatures
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No sign of stripped hydrogen in spectra

but how robust our the theory predictions?
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sub-chandrasekhar explosions
(double-detonation)

Nomoto+ 1980, Woosley+ 1980, Livhe 1990
Woosley&Weaver 1994, Livhe&Arnett 1994,
Bildsten+ 2007,Fink+ 2007, Sim+ 2010, Kromer+ 2010
Woosley&Kasen 2011



double detonation spectra (at maximum)

varying helium shell masses (woosley and kasen 2011)
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Absolute Broadband Magnitude (plus offset)

broadband light curves

solid (with shell), dashed (no shell), dots (SN2003du)

double detonation
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sub-chandrasekhar model width luminosity relation

peak B-band magnitude
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Residual
(10** erg s™1)

fits to observed SNF light curves

ohysical parameter estimation (danny goldstein, UCB)
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Lack of stable iron group elements in nebular spectra”
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Mazzali et al 2015
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double white dwarf mergers as SNe |a

or col

e.g. pa

ulateu
SeCon

"double” detonation
He shell explodes during mass

transtfer; secondary remains intact?
e.g. guillochon et al (2010)

‘prompt” (violent) detonation

1ISION

both stars explode

xkmor et al (2010)

raskin+2009, rosswog+2009

detonation
dary shredded to disk

(“tamped” SNe |a)

e.g., hoeflich and kokhlov (1996)
raskin+2014



DB: Header
Cycle: 0 Time:0

Volumes
Var. density

6.00C
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(CAST

prompt detonation calculation

RO code)

moll, raskin, kasen, woosley (2014)
raskin, kasen, moll, schwab, woosley (2014)



DB: Header

Cycle: 465
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white dwarf mergers as SNela

compositional structure of prompt explosions
(azimuthal averages)
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violent white dwarf merger
viewing angle dependence

10 ~0.9x0.81

max light spectrum
08l (phi averaged)
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absolute B-band magnitude

prompt explosions of C/O WD mergers
synthetic B-band light curves
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carbon features near maximum
1.2 x 1.06 merger (~0.1 Msun Of carbon)
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asymmetry and polarization
normal SNla show low continuum polarization <~ 0.3%
(higher in SN1991bg-like ~ 0.6%)
(higher polarization in lines ~1-2%)

off-center Mern violent merger

head on collision




continuum polarization curves

3-D models: pure e- scattering, inclination = 900
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Mcn models

Felicitous agreement with observed light curves/spectra
(even the effects of asymmetry), tension with other
indicators (e.g., no companion/CSM interaction).

Can they contribute at a significant rate”

sub-Mcn models

Can we ignite and propagate detonation in low shell
masses (< 0.01 Msun) or in a WD merger leadup?
Do we need (can we get) stable iron group?

merger/collision models

|s the high-degree of asymmetry a deal breaker?
Are these (just) the “super-Chandrasekhar” events?



