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Why do We Care about SNe ?
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* Fundamental physics (GR, HEP)

 Accessibility in Research (models
and observations)



When Massive Stars Die,
How Do They Explode?

— |
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Neutrino as a Dynamite

© Instabilities raise shock




Neutrino-Powered SN Explosions

Nordhaus+ 2010
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Jet as a Dynamite
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Jet as a Dynamite
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Super Luminous SNe (SLSNe)
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Energy Input from NS

1
E = §Iw2 ~2x10°2P2 erg.
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SLSNe by magnetar
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The shortcoming of 1D SLSN Models
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The shortcoming of 1D SLSN Models

Obs. Signatures
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Multi-D SN Simulations

1D Models
30 - 45 Mo Stars ( Sukhbold & Woosley)

CASTRO
Massive Parallel, Adaptive Mesh Refinement (AMR), Multi-D,

Radiation, Hydro+( Burning, Rotation, GR ...)
(Almgren+ 2010, Zheng+ 2011 2012, Chen+ 2011 2012)

Supercomputers:




Resolution of CASTRO
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SLSNe in2D
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Radiation Breakout
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Hypernovae

B>1e16 G,P<1 ms




Ni Production

TABLE 1
MAGNETAR-POWERED EXPLOSIONS

Model Type Engine Type Ni Mass Remnant M., E,;
Mg Mg 10°! erg

A J J(2.5°, ¢) 0.016 4.54M;, BH 5.46 9.84

B W W(90°, ¢) 0.038 1.66Ms NS 834 11.34

C  J4W  J(25° 0.1¢), W(0.9¢) 0036  1.66Mg NS 834 1119

D J4EW o J(10°, 0.1¢), W(0.9¢) 0.087 1.66Mg NS 834 10.35

NoTE. — The rate of energy deposition is ¢ = 10°! erg s~ ! and its duration is 20 sec

(RIS om)




Explosions
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Light Curves
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But there may be a GRB'!
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Toward Realistic SN observational Signatures
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Toward Realistic SN observational Signatures
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Hunting for the First Cosmic Explosions ?

| How massive are First Stars? e

| ||I @@ l Hirano et al. (201‘3)
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Multidimensional Radiation Transport Simulations of Extreme SNe
Chen, Woosley, & Zhang in prep.
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Multidimensional Radiation Transport Simulations of Extreme SNe
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Multidimensional Radiation Transport Simulations of Extreme SNe
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Multidimensional Radiation Transport Simulations of Extreme SNe

; I

RN B e o 3 A




Many thanks for your attention

My work has been kindly supported by:

(" East Asian Core Observatories Association (EACOA) )

GRUBER

| ~—  §

. - H

0 : $

|

\ 'L
15 10 A J A
LN VA L .
-

Office of Science
U.S. Department of Energy

’ e Kavli Institute for
Co=(C > B oretical Phyclos
;- University of California ‘-.\"'l"l'!tu'n. )

Canver for Computatiomnal Ascuropohvsics




