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OUTLINE

The Transient Sky/Universe

SuperNova Type Ia sub types (the Phillips relation)

Type Iax (the flame detonation and failed detonation)

Helium Accretion (hybrid and recurrent nova)

Type Ia from (Helium rich and double detonation)

Quantifying Symmetry

SuperNova Remnant (Core Collapse and Ia) 



THE TRANSIENT TREE



TRANSIENTS – SUPERNOVA CLASSIFICATION 

Ashley Villar (astrobites.org)



SUPERNOVA TYPE IA

Ruiter and Seitenzahl 2024



SUPERNOVA TYPE IA

https://ztfcosmo.in2p3.fr/target/ZTF18aahrdpu



SUPERNOVA TYPE IA AND IAX PROPERTIES

Taubenberger 2017 SN Handbook

• Nickel very from 0.04 – 0.4 Solar Masses

• Ejected mass 0.2 to 0.5 Solar Masses

• Mv,peak Luminosity low as -14 mag up to -18.5 
mag (1043 – 1049 erg/s)

• Remnant object with kick Velocities of few ten 
to few hundred km per second (70 km/s – 350 
km/s)

• Low ejecta Velocities of few thousands km per 
second (1000 km/s - 8000 km/s)



THE FLAME DETONATION AND FAILED 
DETONATION

Townsley et al. 2016 



Calder et al. 2018

Calder et al. 2018

Advection-Diffusion-Reaction (ADR)

Kolmogorov Petrovski 
Piskunov (KKP)

Fryxell et al. 2000 (FLASH)

THE FLAME DETONATION AND FAILED 
DETONATION



THE FLAME DETONATION AND TURBULENT 
COMBUSTION 

E.P. Hicks 2026



SETUP



Name Off Center 
Z axis [km]

Mass [Mʘ] ρc [g cm-3] Mej [Mʘ] Vej [km sec-1] 56Ni [Mʘ]

w1325-z88 88 1.325 4.8 x 108 0.428 4410 0.041

w1330-z88 88 1.330 5.1 x 108 0.389 4499 0.053

w1335-z88 88 1.335 5.6 x 108 0.408 4527 0.058

w1340-z88 88 1.340 6.0 x 108 0.417 4559 0.062

w1350-z88 88 1.350 7.2 x 108 0.48 4777 0.072

w1355-z88 88 1.355 7.8 x 108 0.453 4717 0.073

w1360-z88 88 1.360 8.6 x 108 0.469 4764 0.079

w1365-z88 88 1.365 9.5 x 108 0.484 4795 0.09

w1370-z88 88 1.370 1.1 x 109 0.487 4871 0.108

w1374-z88 88 1.374 1.2 x 109 1.364 9751 0.965

w1330-z168 168 1.330 5.1 x 108 0.085 3409 0.025

w1350-z168 168 1.350 7.2 x 108 0.113 3483 0.04

w1365-z168 168 1.365 9.5 x 108 0.105 3653 0.051

w1370-z168 168 1.370 1.1 x 109 1.360 8933 0.593
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Density 3D scene

RESULTS



Temperature 3D scene

RESULTS



Density
Slice

RESULTS



RESULTS

Density
Slice
Zoom-in



RESULTS



RESULTS



RESULTS



SUMMERY
• Single-degenerate deflagration scenario can result with partially to fully exploding supernovae 
consistent with Type Iax observations

• 56Ni produced of about 0.03-0.2 Mʘ

• Ejected velocities of a few thousand km/s

• Bounded material kick velocities of about a few hundred km/s

• Super soft x-ray source, recurrent nova, non-detections of luminous surviving companions and early blue/UV 
signals 

• delay-time distributions (DTD) ∝ t−1 over 0.1–10 Gyr 

• This scenario can generate the entire range of Type Iax SNe

• This also suggests that as the white dwarf mass increases, they ignite and partially exploded which 
can occur at masses well below the Chandrasekhar limit.

• Significant population of white dwarfs probably may never reach the Chandrasekhar mass 
limit and will instead be observed as Type Iax supernovae



END
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