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The ASIAA Explosion Group at  EAMA 11

• Po-Sheng Ou: Mass loss of massive stars and their CSM (AS-18P, DI-5P)

• Sung-Han Tsai: Binary Stars and their feedback (AS-6C, AS-10P, CS-12P)

• Wun-Yi Chen: Supernovae shock breakout (HE-6C)

• Pei-Cheng Tung: Dwarf Galaxies and SNRs (GF-17C)
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A Stellar Tale
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Massive StarsPhysicists’ view of  everything
7

?
JWST view of  crab nebula  

Realistic 1D Stellar and SN Models ?
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What can we learn from Mixing? 
Physics of  Mixing in SNe and SNRs

• Convective stellar structure

• Core collapse and neutrino heating 

• Reverse shock 

• Colliding with CSM and ISM

• Explosive  burning 

• Jet launching (B-field+rotation)

• Decay of  radiative isotopes 

• Plasma and Radiative instabilities
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Impact of  Mixing on SN Observational 
Signatures

A Type Ia Example from Kasen+ 2008



• Chen W.-Y., KC, Ono, 2024, ApJ, 976, 147.

2D Mixing in SN1987a

Mixing on Breakout Signatures
New 2D radiation transport simulations with CASTRO 

1D 2D 2D

1D

2D

Wun-Yi Chen 
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I started to blow  up stars for living since I was a PhD student.

KC+ ApJ 955 39 (2023)

Exotic Supernovae of  Massive Stars 



50 M⊙ > M* > 30 M⊙

Magnetar-powered SLSNe

KC+ ApJ 832 73 (2016), KC+ ApJ 893 99 (2020)



How magnetic field and rotation 
help to power SLSNe?

Original Ideas from Maeda, Kasen, Bildsten, Woosley 



SLSNe by magnetar Magnetar-powered SLSNe in 2D



SLSNe by magnetar Magnetar-powered SLSNe in 2D



Mixing Structure



Radiation Breakout 
P = 1 ms, B = 4E14 G P = 5 ms, B = 4E14 G



1D vs 2D 

Chen, Woosley, Sukhbold (arXiv:1604.07989)



Superluminous SNe by Magnetar 

KC+ ApJ 832 73 (2016)

B = 4e14 G



KC+ ApJ 893 99 (2020)

3D Magnetar-powered SNe 
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KC+ ApJ 893 99 (2020)

3D Magnetar-powered SNe 



~ 400 days after explosions

Bridging the Central Magnetar to its SNR    
KC+ 2020



Tung+KC (in prep) 

Mixing of  SNRs in realistic ISM

Pei-Cheng Tung  



Tung+KC (in prep) 

Mixing of  SNRs in realistic ISM

Pei-Cheng Tung  
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Take Home Message

• Drivers of  mixing contain rich physics

• SNe/SNRs are beautiful but messy 

• Violent mixing occurs at phases of  explosions

• Multi-D rad-hydro+Micro-physics simulations   
are powerful tools to model the mixing and 
signatures properly.

• Mixing physics in 1D SN light curves and spectra  is 
completely missing  


