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» Sumiyoshi et al. ApJ 629 (2005) 922
— — iR ERRITRAE N FEFTR: Lagrangian
» Yamada, ApJ 475 (1997) 720
— — i ERIARIL Y FIEEFE: Sy-method
» Yamada, Janka & Suzuki, A&A 344 (1999) 533
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* Hydrodynamics at (t, m): r, U, pg, Y., €, h, A, ', ¢, mg, S
* Neutrino transport at (t, m): f (E,, w)

— Multi-energy, angle for all flavor: (v, Ve, Vi \_/M,vt, VT)

o BFMICBEL TERE

— Iterations by the Newton-Raphson method
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* VR JZE (Energy, angle dependent; p, T, Y,)
ZAEL —p: Bruenn ApJS, 1985+N-bremsstrahlung
o JRAEAFEIL (Nuclear matter, n, p, a, A; p, T, Y,)
- BRYE (SEEEE, PHFAF)AFZOERE  Sumiyoshietal NPA (2004)
e Lattimer-Swesty EOS (LS)  Lattimer Swesty, 1991, NPA
- WX DIREFFE, BEELNDIL T My =1 -8M, 1)
e Relativistic EOS (Shen)  Shen, Toki, Oyamatsu & Sumiyoshi, 1998, NPA, PTP
- 1HX A% FE R, T LR T —5 (Ms.max=2-2Mggpqr )
e Hyperon EOS (Hyperon) Ishizuka, Ohnishi, Tsubakihara, Sumiyoshi & Yamada 2008,
- A ERFORA NS~ ET—F s ©
- BV ROMNE MR > FAMFIHRVRIG
o YA KEEEDEAFRICLSET I
e 10-70M,,,,,, Fe core,
— Woosley & Weaver (1995), Hashimoto (1995), Tominaga et al. (2007)



Basic equations in spherical symmetry

Misner-Sharp metric

Metric, coordinate relations
ds’ =e*’c’dt* —e™ G—4dm2 —1r*(d6” + sin*0d¢*) .
Equation of motion om
I 0 4 G
e-NU=_GnZG__4m, P, 4 TG ) :_1.[Y U\ 2GmG
ot r h o'?m 4ar’p, c
Energy conservation u,
f dré nr (pB st — )
_¢ € J 1 CQV 0 C c'T
—+ p =
o “alps)] Py
Baryon number conservation e General relativity
0 0 i l 3 (4o )_ G 47 P e Spherical symmetry
dgt\p,] T om Lo, *

Evolution of electron fraction

oY ] fanﬁdEvdu(afv)
Cé’t nB (2.7ThC)3 C(St collision
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e Boltzmann eq. for f(t, r, E,, w): V93 % BIEX
— E,: neutrino energy, u=cos0: angle
P P Gl TR P =(6fv)
cot or rodu \COt) pision

(number change)= (change by collision)
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( fv ) ]emission(l fv) fv Cinelastic[ffv(Ev U )dEv] vV

cot collision }\,a bsoption
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Boltzmann equation for v (GR, spherical)

Lindquist, Castor 1972, Bruenn 1985
s 0 L, 0er’
e’ /. + 4me”u /s

cot\ Py om
2 3
+i (I_MZ)ZEPBaL_I_Me—q)O’)ln(pBr)_4m2pB é)¢ fv
u om cot om |\ Py
3
e dIn(p,r”) o dlnr wAmp, o) (Z E 1,
c ot cot om o"(EV /3) Pg
— Le_¢ 6fv

P, ct) o Finite differenced in (t, m, w)
u=cos 0

Mezzacappa-Bruenn 1993
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Sumiyoshi & Ebisuzaki, Parallel Computing 24 (1998) 287
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- v-distribution: f(t m, E, ,w)
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er Ve u (Vo V) e Block Size: Energy, Angle

Operations N=347
~ N #(Ng*Ng*N, )’ = 255%(347)° e Block Array: Radius
- M=255
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Speed [Gflops]
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o HSH/IRUR:
€ +p< Vo+n e+A<=v,+A
e"+n < v +p

o HREL:
V.+ N <v.+ N V.+A<vVv. + A

vVite <V +e

o XFEERK-IHR:
e +et <>V, +V, V¥ <> v+ v
N+N<N+N+v. +v, i=e, u, T

o RERDELL s TRIF—IKFFHE
- vIRIXEETE: 0 ~ 104! cm? - HHEERDYIE: o ~E}?
- maEZENE - [RFRDBEZERIR: 0 ~ A?



Collision term: change of f (E,, u) att,r
e—(l)(éfv

cOt

) = jemission(l_ fv)_
collision

2nE"*dE! du’ v
+ \% \% scattermg E U : E , 1 V’
f (2JThC)3 m ( % [,L % Au)f ( v Au)( f )

B f 2nE deE :, dM scattermg
(2nhc)’ Rou

| \Q/E " g
+ pair processes ., v’
pair p EV,M NIV M,
E,.u

(E,,wE, u)1-f (E, ),

at (p, T,Y,)
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Yamada (1996), Sumiyoshi et al. ApJ (2005)

| - + Equation of state (EOS)
' GR Hydrodynamics | pressure| ® B(
| yy i p.T,Y,)

I___/R ____________________________________________________ — |

v-heating, cooling, pressure .
composition
compression, expansion

. v i absorb
! . _ > 2
- GR v-transfer (Y -evolution) |/ gmit * v-reaction rates <K,

<——
- distribution: f(t, 1, E,, cos0) satter | (p, T, W, X;)

e Solve hydrodynamics & v-transfer at once (Implicit—method: time step T)

— Multi-energy, angle for all flavor: (v, v, Vo Vu’ Vo)

e Initial model (Fe core, stellar-evolution models)
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Bethe & Wilson ApJ (1985)
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Sumlyoshl et al. ApJ (2005)
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Composition of dense matter during collapse: p.=10"! g/cm?

10

Mass fraction
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“Different nuclei’” appear during collapse: p =101, 10'? g/cm?

Z., N of Nuclei
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. e-capture blocked (Bruenn)

Sumiyoshi et al. ApJ 629 (2005) 922



Difference in composition: less free protons

e-capture on protons | ——  Neutrino trapping |

Symmetry €Il€1'gy (Shen): 37 MCV v Bruenn, Swesty, Lattimer, Myra

Mass 10" p——T T :
S During collapse

fraction | p =101 g/cm? :

10" F .

107 £ .
<

107 E -

10-4 ! _ Shen-EbS _g /

i —— LS-EOS
10° b e L L v-trapping Fe core

0.0 0.5 1.0 1.5 20

M, [Msotar] (Radius)
Sumiyoshi et al. ApJ 629 (2005) 922.
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Profiles at bounce:t, =0ms
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Different compositions:less free protons

e-capture on protons J Initial shock energy T

Symmetry Energy (Shen): 37 MeV AM;,=0.1 \{wsolarNI OX10°" erg
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- velocity at core bounce A Shock position
of N at core bounce
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Sumiyoshi et al. ApJ 629 (2005)
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Profiles after bounce:t , =150ms
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Different temperature: neutrino heating is weak
Shen-EOS (Stiff): T | , v-luminosity | No explosion
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Sumiyoshi et al. ApJ 629 (2005)
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temperature [MeV|]

Thermal evolution of proto-NS is different!

Temperature proﬁles after bounce: t,,=20ms - 1s
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Less compact, hot neutron star with Shen-EOS
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