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Outline

"H Short Introduction
- Standard Core-Collapse Supernova (CCSN) theory

"HRecent Status of CCSN Modeling

- Neutrino-Radiation Hydrodynamics Simulations
- Fostering weak explosions (strangeness, rotation, G

Multi -Messenger Signatures

- How can we learn the central engine from neutrinos
and gravitational-waves ?
- Strateqgiestoward the final goal ?
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Asymmetries in core-collapse supernovae from
maps of radioactive **Ti in Cassiopeia A

~350 years, Typi,

Originof explosiorasymmetry

Originof heavy elements €=) Explosion Mechani
Originof explosionenergy( 10°'erg = 1 Bethe)




O3 mi n u to®werwiew Core-Collapse Supernova physics

M 5 -rad-hyd simulationof 15M,, star visualization : T. Wad
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Typical scales after bounce and Density-Temperature relation
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IDfailsKk Current par aldo gme tdirdallaniam
(pioneered by Colgate & White (1966), see Janka (2012), Burrrows (2013) ,Kotake et al. (2012) for review)

0 F o u rfrom toliapse # explosioh{EEEiaetaa S iatlE R

(see, e.g.Suwaet al. 2010,2011,2013ApJ) P T

: After bounce, bounce shockstalls.
: Neutrino-driven convection and the SASI

. In the heating region,dwell-time of material
getslonger dueto non-radial motions.
(turbulent pressure helps explosion).

. At around O(100)sms after bounce,
neutrino-driven explosions set in.
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Numericsboth in our 2D and 3D models

IDSAspectral transport Liebendoerfer+09) + Newtonian hydrc

"HLattimer-Swesty(1991) EOS (K=220 Mg¥onsis with 2 M,
"H2D resultsbetween our code, Valenci&garchingcodesimilar!
(e.g.,Obergaulingeet al. (2014)Hankeet al. (Php)Detailed comparison in progres
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1D failsk Ciir r ent 0 g me wrivaallaniam

1. Introduction (OH. Togashi [l s (2013) Kotake et al. (2012) for review)
Nuclear Equation of State (EOS) plays important roles  },,model WW95)  ~q15 cogle: entropy

. . Suwa+ (2013
for astrophysical studies. (2013) T= 188 ms 2
(Neutron stars, core-collapse supernovae (SNe), black hole formations) _ b

Nuclear EOS available for SN simulation

Thermodynamic quantities in a wide range of p, 7, ¥

SN matter contains uniform and non-uniform nuclear matter.

I. Lattimer-Swesty EOS : The Skyrme-type interaction  npa 535 (1991) 331)

2. Shen EOS : The Relativistic Mean Field Theory (NPA 637 (1998) 435)

Those EOSs are based on phenomenological models for uniform matter.

There is no nuclear EOS based on the microscopic many-body theory.

We construct a new SN-EOS with the variational method
starting from the realistic nuclear forces.
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; IDSAspectral transport Liebendoerfer+09) + Newtonian hydrc
iy / "HLattimer-Swesty(1991) EOS (K=220 Mg¥onsis with 2 M_,, NS
sHeating regidn: neutrino - | H2D resultsoetween our code, Valencigarchingcodesimilar!

Meating dominates over (e.g.,Obergaulingeet al. (2014)Hankeet al. (Php)Detailed comparison in progres
reutrino coQling *  *

1D J 2D | | Numericsboth in our 2D and 3D models
I ) ]




Status of NeutrineRadiation Hydrodynamics Supernova Simulatic
(KK+ (2012) pTEP, Mezzacappa+(2015))
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2D-IDSA simulations for 101 progenitors with solarmetallicity




