BRIRER S

HUEM XT3 TS

3/—

—=un l|‘/::¥,'5=—': D

S1K & short yﬁﬁ/\—x ~

IR 7

EE% At

STl

O E—EB

ﬁ\ ™= /|:| j(EB (E'\%Kj(%)
A O (HRKZF)

RAREX (REKF),
SEKX (REKRF),



X
§ 1: Introduction
0 BEAEFEDOESR
Ej]IBZ}J?
ZREERBE S TR 23S B FI R AT B
Y‘T‘?/\—X N & DEE
0 KIFEDOAEDIT

S 2: AfEERE
0 HEFREFESEDYZAL—Y T Y
Kiuchi, YS, et al. PRL
0 VERN—X b EDBEERBAIZA T Y alb—Y 3 Y

§3: FLHESHEDESE




‘ 8 1: Introduction




Introduction

EEFEFEDER

0 RVBERBENRROVD LD
BANROIAFT IV RAKFE=> PEFEYVEOREFRER
REFEXNKFEEIEERT A XNODEARIZEEND
JERRTZ = BUEAR X &

D h, / Mg

0.2
0.15
0.1 r
0.05 ¢

APR —— |

-0.05 |
-0.1 ¢
-0.15
-0.2




T

SN THRDIEER

BEHROEZBEDE S

hml

0 BEEROMEEOFHEES

BNEE

0 RREAEBKXICKE
BHTZ A% ?
KEENSTK ?

0 BRI IZE
BAORIEER
XA FTZTRAD
BEmxEL
B NIRRT
> XA FTIIRX
= KREARER

100Mpc)

hess (D

1e-21
1e-22 |

1e-23 |

1e-24
1000




doled B8 December 2006

LEFIRT 2D
hiEFEORAEE

J :

é 1756 comp. »- — | o EE,E\IJ A Wiel=s 'lélF_%_E_@

3 T—— | RAEELY IREVVRKE
Bl . e NN N

5 s gilbgg e ExFTE9 DIREARER

E o .. l:llaa—Tuylur pulsor (EOS) {iﬁfﬂ

B2127+11C comp. ‘a1 in M15 |

Jg;g;:%g%gg I, i : double pulsar I = 111

é};gg—%gg} (s ar | o0 FARICEVHREFEZILRE

| = comp. ., - . -

3101245507 {m) - | E LRI TULEL

J1713+0747 (r) i |

B1802-07 (e —

'B1855+09 (g I

jggg} 11387 \ i - I—:.—l 3.48 ms pulsar

;gjglzit;l% 5 S | EEREFEAKICLST

- i Ho  white dwarf— ' =] )0 — N

B, gt BEt | BAHEEHIR

i

U1804-2718 (e i

J2019+2425

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Neutron star mass (Mg)




Radius (km)

EFEASRESER EHET 2O

s PEFEDHEE

(A9 b & XM/R)

0 EOSONFET OEH= -+
ZBEAREDESME

0 FREEEOFTMIEHEE

o PREE. VO X MEE. K
SURE R 2 R TF
= Burst profiles (ETILIKRTE)
= Redshift (7 ILIKTF)
= QPO (ETILIKLE)
« BEE—AV b

o EHREBAITFEA &
AR




Introduction
HEEREFEDESK

0 RLVAEELENFEREOVED
BHRODAA T RKEE = AETEY

0 Short gamma-ray bursts (SGRB) & D 3

SGRB : BRI T KL F— ~ 10% e, : ._.__',30-?{(13]1
SGRB LB 1RO B E R E/ D log(g/cmA3) = =

0 PUEFEASERIZE D BH + Disk i e —

0 ITHRILF—IE 15.4 *Im$ﬁ£§;$@m£

TARTDENIRILF—
BH D [E#RT )L —
0 KEBEDT 4 RXTDOEENRE
~0.01 Msolar
O T4 ATEK
& B4 T R/REBAER
© BHK




Introduction

EEFEFEDRIR
0 RLBEBRENRIROVED
EARDEAFT 20 AKFHE = PEFEYEORREARER
0 Short gamma-ray bursts (SGRB) & 0D BE&E
72 AKIZ & D BH + Disk T2 A LB SR O &
APRDLAE DT
0 EEREFESEOHEENH I 2 L— 3 V&L
SGRBOFILENARE L TORIBEMZIR D
a By products
SGRB Z#C _ LG4 &5 DEIRDFFH
BESHRNODENRZAVREFER~OFIRATREME
WRNYEEEA AN HERNH DI — FOEE




S 2: FEFHRED

JRFREHICE DK ENEEDOREAFREXE
A= EEEJ'E%E@AW

0 TV R—ILDOERSNDIGEEIZEH

0 BRBEEMYRIEBHWEETHZWVWEFEINDS

o EAREAVTRREAREN. DiskEEDHIFBAAIEE !
a Kiuchi, YS, et al. (2010) Phy. Rev. Lett.




Numerical Set up

Einstein eq. : BSSN formulation

GR hydrodynamics : high resolution shock capturing scheme

Initial conditions : quasi-circular orbit with M Q ~0.027

EOS : hybrid type (  realistic > cold part +  simplified * thermal part )

0 P= I:)cold_|_ I:)th

0 P_,q : APR(Akmal et al. 1998), FPS(Pandalipande-Ravenhall 1989),

SLy(Douchin & Haensel 2001)
0 Py, :Ideal gas with T=2.0

EFPS EOS is relatively soft
SLy EOS 1s relatively stiff

APR EOS 1s stiff at high densities
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fcut (cutott frequency)
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Basic equations

Einstein's equations : BSSN formulation
o 4th order finite difference in space, 3™ order Runge-Kutta

time evolution

o Gauge conditions : 1+log slicing, dynamical shif+t

a Puncture evolution in BH spacetime

. . VT2 =-0Q
General relativistic hydrodynamics @ |Ya'b b
o High resolution shock capturing scheme V.12 (v.stream) _ ) (leak)
o BH excision technique in BH spacetime

Lepton conservation equations :
a Electron fraction
o Neutrino fractions

(leak)

b

dYe
-TR_:_%%@+7pr
dYv,
dt
dYv,
dt
dYv,
dt

= 7/e— cap + 7/pair + yplasmon + 7/Brems - 7/veleak

= 7/e+ cap + 7/pair + 7/plasmon + 7/Brems o 7/‘76Ieak

- 7/pair + 7/plasmon T Brems — yvxleak




Summary of microphysics

EOS: Tabulated EOS can be used
a Currently  Shen EOS + electrons + radiation

Weak rates
a Electron capture: FFN1985, rate on NSE back ground
o e*annihilation:  Cooperstein et al. 1985,  Itoh et al. 1996
Q plasmon decay: Ruffert et al. 1996, Itoh et al. 1996
o Bremsstrahlung:  Burrows et al. 2006, Itoh et al. 1996

Neutrino leakage
o Opacity based on Burrows et al. 2006
(n, p, A) scattering
0 Including correction such as ion-ion correlation
(n, p, A) absorption



Luminosity [1053 erg/s]

GR leakage works well

= Neutrino luminosities consistent with result by
1D GR radiation hydro (Liebendoefer et al. 04)
o Collapse of 15 M., model by WHWO02
0 Besides convection induced modulation in luminosities
= Neutrino luminosities in BNS merger and GRB will be
estimated

Results by Sekiguchi (2010) Liebendoerfer et al. (2004)
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GR leakage works well

Results consistent with Liebendorfer et al. 2004
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20

Lh

‘ Application: BH + Disk formation

Neutrino emission
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BNS merger preliminary result (test simulation)

Initial setup (Kyutoku et al. in prep)

o Assumptions
Constant entropy per baryons ~0
Y| profile under the beta equilibriumatT ~ 0
Then all quantities are functions of density alone

o Binary parameters
1.35 M, equal mass binary
separation =39 km, Ax=400m

A modified Shen EOS
o 10°1<p<103g/cm3, 0<T <100 MeV
o Internal energy per baryon is adjusted
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Temperature
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Preliminary result

Simulations are on going

o room for improvement in atmosphere treatments

o Neutrino luminosities agree with the previous Newtonian studies
Ruffert et al. (2002); Rosswog et al (2003)
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Long term simulation of BH spacetime
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