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RURA X am B0 288 (1)

» ADM#ZZL /3 + 1 2% (Arnowitt, Deser, & Misner 1962)
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» BEREEHICET SEARH T A T 7 (Smarr, York 51970 4)
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RURAX B0 288 (2)

» BSSNHZ = (Shibata & Nakamura 1995; Baumgarte & Shapiro 1999)

» Einstein 51 © MERFHDFE
Maxwell 2=, : Gauss’s law, No-Monopole &4
Einstein 532 = : Hamiltonian(T & JL ¥ —), Momentum IR E#
ADMIZZ - MEREHOBNAEFAEM L CHHEZIZET
» REBLRERY I aL—Y 3 UNAIREIC
#&H T D Full GR EE i EF 2 41K (Shibata & Uryu 2000)

» BHEFFZZ %15 2 D F A DB (Pretorius 2005; Campanelli 5 2006)
» BHYIY B Y % : BHRERIE “RA LY
16 T DEEBHAK (Pretorius 2005)
y LFLREHE EZEEDOER - BSSN-Puncture
BEAIEEBHAAK Y 2 2 L—32 3 &~ (2006~)




TN 60w (Bhim)

» £ YBRENEBBEREN
» GRHD (Valencia group, MPA, ....90°s1& %)

» GRMHD (Valencia group, Shibata, Sekiguchi, 2000~) (B 7)
» O /NYT NEEZEFEIS A (Uryu, Gourgoulhon, Taniguchi, ...90’s~)

y SRR F A AT Full GR EHEL (Sekiguchi 2007,2010)
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y» BFHEERIN. —a— N1 /AR - BEL (B3WLEEER)
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» CREEFENE DIREAIREIZZGZY DDOH D
Shibata et al. (2011); Shibata & Sekiguchi (2011)
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» REEEDENRRRICESBHIZR
Sekiguchi & Shibata ApJ 737, 6 (2011)

Sekiguchi & Shibata, in preparation
Sekiguchi & Shibata, in preparation
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» BEEFRHEFEDER
o Sekiguchi etal. PRL 107, 051102 (2011) . Nucleonic EOS
o Sekiguchi et al. PRL accepted for publication : Hyperonic EOS
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» Fe A7IEIRAICINME L. BE~100 g/cms, JEE~101°K
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» Presupernova core of 100 Msolar star
» Central entropy per baryon: Sc ~ 1-3 kg, Mcore ~ 1-3Msolar
Precollapse structure by Umeda & Nomoto 2008
» High entropy core

» Sc ~3-10 kg, Mcore ~ 3-20Msolar
Simplified model (Sekiguchi & Shibata 2011)

» Core of 500 Msolar Poplll star

» Sc>10kg, Mcore>20Msolar
Ohkubo et al. 2006

» Rotation is added

» As we shall see, the dynamics is sensitive to the rotational
profile

Please enjoy simulation results via animations
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» Umeda & Nomotol100Msolar & Bl#xE T /L
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Neutrino Luminosity (HMNS Phase)
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Neutrino Luminosity (BH Phase)
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» Ohkubo et al. 500Msolar =E[E]E: € T /L




Outtlow appears even when BH is formed
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» High entropy core : & [A]#x
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» High entropy core : & [A]#x




KH instability

Infalling matter
v~ 0.3C
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Neutrino luminosity
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» The first full GR simulations, incorporating microphysics,
of stellar core collapse adopting various initial models

» BH formation process is quite dynamical, accompanying
(obligue) shock formation, convection, and outflows

» The dynamics is sensitive to the initial rotational profile which
is poorly known

» Accumulation of material (energy) into the pole region of the
central object is a key feature for driving an outflow

Outflows can be driven even when BH is directly formed

» The resulting system has preferable features for
producing LGRBs
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» REIZEK S Hh> TN
» There may be exotic phases at high densities (Pauli principle)
» Meson cond., Quarks, Hyperons, ...
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» Einstein AR =2 < (BEHEXNR) :
» Shibata-Nakamura (BSSN) formalism
» GR Lepton-v-Hydrodynamics FEE= % #& <
» BAREBEESTZERYEIREAES
» SSWVEBEER (BFHERS —Za— MY /XA ER - 8EL)
» —a— k1) JaAEEE
y ZODWRBEFRBRRAXTZa— N JRE, EAREHE
» S-EOS: Shenetal. (1998) IZ &K 2 BERKYEREARER
» H-EOS: Shenetal. (2011) IZ & 2/ 4 RO VREFER
ANA ROYDOHEE
» 220REBFEAEXFITEDIHN?
» FIEASEH
» THEERUFEDHEE : 1.35, 1.5, 1.6 Msolar binary
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Merger Dynamics with hyperonic EOS

» Hyper massive NS (HMNS) first forms and eventually collapses to BH

» As HMSN shrinks, density and temperature increase and consequently more
hyperons appear, making EOS more softer

» After the BH formation, a massive accretion disk (~0.08 Msolar) is formed
= short GRBs ?
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Merger Dynamics with hyperonic EOS

» Hyper massive NS (HMNS) first forms and eventually collapses to BH

» As HMSN shrinks, density and temperature increase and consequently more
hyperons appear, making EOS more softer

» After the BH formation, a massive accretion disk (~0.08 Msolar) is formed
= short GRBs ?
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Gravitational Wavetorms : Hyperonic

GWs from inspiral phase
agree well because only
few hyperons exist
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GW frequency shift due to hyperon

» Dynamics of HMNS formed after the merger

» Nucleonic: HMNS shrinks by angular momentum loss in a long GW timescale

» Hyperonic: GW emission = HMNS shrinks = More Hyperons appear =
EOS becomes softer = HMNS shrinks more = ....

» As aresult, the characteristic frequency of GW increases with time

Providing potential way to tell existence of hyperons (exotic particles)
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Gravitational Wave Spectra
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Neutrino Luminosity

» There is no difference except for the duration until the BH formation

» Effects of hyperons are significant in the central region where neutrino
diffusion time is very long, and swallowed into BH

» Difficult to tell the existence of hyperons using the neutrino signals alone
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» We performed the first numerical-relativity simulations of
BNS merger incorporating a finite temperature EOS with
hyperons

» Existence of hyperons are imprinted in GWs
» The characteristic GW frequency increases in time
» which stems from Nucleonic-to-Hyperonic Transition

» Providing potential way to tell existence of hyperons by GW
obs.
» It seems difficult to constrain EOS by neutrino signals
alone

» Effects of hyperons are significant in the central high density
region which is swallowed into BH
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