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Supernovae are classified according
to their spectra
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Figure 1.1: SN classification decision tree. Classification of SNe is based on the presence of
12/1 6/ 20 elements in SN spectra observed near maximum light.




There are many sub-types of SNe
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Non “standard” SNe might even
be the norm among WD SNe

Thermonuclear supernova families
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Figure 1.1: SN classification decision tree. Classification of SNe is based on the presence of
12/1 6/ 20 elements in SN spectra observed near maximum light.




Importance of Supernovae

Energy &
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Observational expectations
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White Dwarf Nuclear Energetics

* Total kinetic energy = energy released - binding ~ 10°t erg

Implying a typical expansion velocity ~ 10% km /s

* Light curve is powered by radioactive decay of >¢Ni to 2¢Co to
>6Fe, ~6 MeV / nucleus,

LSNIa ~ ESNIa/tdecay ~ 1010L@

MSNIa ~ —20

Nordita
12/16/20



Single Degenerates

®» C/O WD + MS or sub-giant star, mass transfer of H/He via

. RLOF/winds
whelan & Iben 1973 .
Nomoto 1952a ® Accrete to near Chandra limit:
Livhe 1990 )
Woosley & Weaver 1994 = central detonation
Livne & Arnelt 1995 .
Garc ‘rasenz, Bravo & ®» central pure deflagration
Woosley 1999

Fink, Hillebrandt & Ropike ™ deflagration to detonation transition
2007
Fisher et al, 2015 ™ [ ight curve is powered by radioactive decay of >°Ni to *°Co to *°Fe,

Townsley et al. 2015 ~6 MeV / nucleus

® The B15 lies in specific regime.

ordita 10
?f/fé/zo LSNIa o ESNIa,/tdecay ~ 10 o




Seibenzahl et al, 2009
Falemor et al, 2009
Solker Noam 2011
Marius et al 2012
Jordan et al, 2012
Markus et al, 2o010-2016
Kushnir et al, 201.3
Shen & Bildsten 2014
Kash ap et al, 2ols
Salo et al, 2ol1s
Ferets et al.2o20
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Double Degenerates

® CO + CO merger with total M >= 1.4M,
» “Slow” merger --- DDT
» Violent (“Fast”) merger --- Detonation
® Direct collision --- Detonation
= Super slow ---D6

®» CO + CO merger with total M <1.4Mg,

® The primary mass at explosion 1s more important than total mass at
explosion.

®» (Core degenerate (AGB core + C/O WD)
» (Collision of DWD.



QOutstanding Problems

Single-Degenerates | Double-Degenerates

(SD) (DD)

Rates Rates v

Absence of companion Absence of companion /

Absence of nebular H-alpha Absence of nebular H-alpha v

Delay-time distribution Delay-time distribution ‘/
‘/ Stable IGE Isotopes Stable IGE Isotopes
‘/ Explosion mechanism Explosion mechanism

/ Light curve/ Spectra Light curve/ Spectra v
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Pressure

Deflagration -
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Turbulent Combustion Modeling

Burning rate on scale r determined by integration over the joint PDF P.(X, p, T)

of composition, density, & temperature
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The la SN are Multiscale, which is a redl
challenge

Fisher, Robert Log Length Scale (cm)
'y

Free Expansion

- 10 Resolved by 3D Global
Adaptive Mesh

White Dwarf Radius 1 Simulations

Global Grid Resolution

Nordita
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Implies a large dynamic range down to Kolmogorov scale :



Binary evolution can produce
other types of WD

RLOF @
‘ Q In binaries Myeco wp = 0.33 Mg

Nordita (Prada Morowni & Skraniero ©09)
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Low mass binary
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S/Binary evolution can produce other

types of WD
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Binary evolution could produce a
hybrid ’rype of He-CO WDS

Intermediate — mass bmary Q
@ Thick He-shell
RLOF :
I

Massive He-core mmmp He core burningmss C/0 core

o |
’ # _..
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The masses of hybrid-W

with both He and CO WDs
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Hybrid-WDs are composed
of significant fractions of
both CO and He.

In binaries MHeCO WD z 0.33 Mg
(Prada Moroni & Strawniero 2009)

Iben & Tubukuv 19%§
Tubukov & Yugelson
1992
Drirble et al. 199%
YZ+1l¥



Wide range of possible mergers

=» Hybrid WD’s masses range
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Possible discovery of Hybrid HeCO WD

® First ultracompact Roche lobe-filling hot subdwarf binary
» Period of P = 39.3401 min, MDOHOI‘,SdOBNO'337M@l Maccretor~0-545M®

= Thick helium layer of = 0.1Mg,
® First known pulsating Eclipsing double WD binary

= SDSS J115219.99+024814.4, Period of P =2.4 hour, M;~0.362My, M;~0.325Mg,.
» X-ray observations of the eclipsing polar HY Er1 (RX J0501-0359)

» Period of P = 2.855 hour, Myyp = 0.42 M. The secondary is a MS of M, = 0.24 M.

Ku,pfer ek al. 2020
e Parsons ek al. o020
ordita K.Beuermann et al. 2020
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Work- flow

Stellar Evolution
MESA

Paxtown etk al, 2011
F:rjxett et al. o000
Daan Vanrossumeel ek al. 2018

Relaxtion Method
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Vislt

SuperNu code O
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Simulations should include both

hydrodynamics and thermonuclear reactions

=» BH-WD merger —during the merger, the WD 1s tidally disrupted and
sheared into accretion disk. (Papaloizou et al ¥3Fryer et al 199% and
Metzger 2012).

® AlSO Paschalidis et al. (2011) & Bobrick et al. (2017) have explored
the disruption and the disk formation process with time-dependent
simulations.

® Thermonuclear processes can also play an important role on the

dynamics of accretion following the TD of WD. (metzqgeriz,
FernandesstMmetzqerls, YZ+19).

= NS-WD mergers could be modeled 1n 2D using accretion disk.
(FernandesstMetzqerl3, Bobrick et al 2016, Marqalitsimetzqerls, and YZ+19, 20),

1/2 — . T/2
1 RS / Hy 2 ZH Ro Ro 2 1
tvisc =~ « - Pdiskk = Pmasx d 2 r sin 6 T 24a
G M. Ro

(3

Nordita 3/2 1/2 —2
~ 26005 ( 221 T LMo Ho P _2GM[Ro 1 R.-_ (4
12/16/20 o 10°3cm M. 0.5Ro D _2gM IR 1 (Bl




Z (1e9 cm)

CO WD-hybrid WDs could merge
and lead to DD type la SN

®» A He envelope can ignite and lead to the detonation.

Virial Temperature
T(R.iq) = 6X108K

» Merger of low mass double WDs could explode as well. Midplane Density

p(Riig) = 107gem™
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Light curves & Spectra
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102§ 3 0.53 (0.074) 0.8 1.33 0.530
F 4 0.53 (0.074) 0.9 1.43 0.549
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Light curves & Specira
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Peak
width
relation
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Our assumptions could lbe more realistic

Density plot in (xy) plane, inertial frame, time: 569.8 seconds ~ (Xy) plane, inertial frame, time: 449.
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Qur assumptions cou
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CO WD-hybrid WDs could merge
and lead to DD type la SN
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The hybrid WD - CO W
give rise 1o normal and peculiar SN
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Summary- SNe |a

®» Hybrid HeCO WDs can form robustly.

® Turbulent enhancement formalism we present provides a promising basis for
an approach for sub-grid modeling of turbulent nuclear burning and
detonation initiation.

» Mergers with Hybrids could potentially give rise to explosive thermonuclear
events.

®» Our models can only reproduce the somewhat faster evolving and somewhat
fainter normal type Ia SNe. (Mg =—19.2).

® Our models can generally reproduce the detailed light-curves and spectra of
normal but fainter (Mg~—18.4 - —19.2, Mp~—18.5 - —19.4) type Ia SNe.



