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From progenitor to supernova

Final phase of neutrinosphere formation neutron star formation
stellar evolution (neutrino trappnqg) (Core bOunce)

SUPERNOVA!
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From progenitor to supernova

Final phase of neutrinosphere formation neutron star formation
stellar evolution (neutrino trapping) (core bounce)

SUPERNOVA!

cooling o 1/7°

heating o« 1/r°
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Finite temperature EOSs

based on compressible liquid drop model "

variants with K=180, 220, and 375 MeV |

| * H.Shen et al. (1998, 2011)

relativistic mean field theory (TM1)

including hyperon component (~2011

Hartree-Fock calculation
* G.Shen et al. (2010, 2011)

relativistic mean field theory (NL3, FSUGold)
* Hempel et al. (2011)

relativistic mean field theory (TM1, TMA,
FSUGold)

incompressibility
K [MeV]

symmetry energy

J (S) (MeV]

slope of symmetry energy
L (MeV]

180, 220, 375

29.3

281

36.9

263

32.9

271.5 (NL3)
230.0 (FSU)

37.29 (NL3)
32.59 (FSU)

118.2 (NL3)
60.5 (FSU)

318 (TMA)
230 (FSU)

30.7 (TMA)
32.6 (FSU)

90 (TMA)
60 (FSU)
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Equation of state

The “standard” equation of states (EOSs) in supernova community
- Lattimer & Swesty EOS (liquid drop) =
- Shen EOS (relativistic mean field)
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Studles on EOS dependence

10 |
£ =180MeV ] Sum1y08hl+ 06
K = 375 MeV E - LS & Shen

Fischer+ 09 [ Neutrino
LS & Shen - - - e Antineutrinof
u/t Neutrinos |

Thompson+ 03
LS180 & LS375
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There are several works, which investigated the

EOS dependence with 1D simulation
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Since 1D simulations fail to produce explosion,
the representable physical quantities in these

Hempel+ 11 )

RMF | studies are
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e v | * neutrino luminosity/spectrum evolution

- - -HS (FSUGold)

02 04 os 08 1+ 12 * How about the explosion?

Time After Bounce [s]

2011/12/4 FZFRSIC KD EERYIBEFDERQSENDES
2011512H4HHEH

—
o

Central Baryon Density, I°91o(pc [g/cm3])

(o]




Neutrino-driven explosion

Recently, we have successful exploding models driven by neutrino heating

All of these simulations
employ LS180, which,
however, cannot support a
2Me NS. How about stiffer

9% con s o i a5
s[kg/baryon

[ !
- LS375 +
-—-— L8220 —--- HShen_

Baryonic Mass [M]

1 l 1 ] 1 1
0 500 1000 1500 O 500 1000 1500 L _8 iy
Radius [km]

r [km] r [km]

2011/12/4 ZXTFRSIC KD EERIIBEZDEEQSER DA
2011512H4HHEH



EOS and shock evolution

e Simulations for 3 different nuclear EoSs:
Lattimer & Swesty (L&S), Hillebrandt & Wolff
(H&W), Shen et al.

 “Softer” (L&S) EoS and thus more compact
PNS leads to earlier explosion
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from H.-Th. Janka’s presentation

2D Explosions of 11.2 M _star : Test of EoS Influence
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(Marek & THJ, 2009, in preparation)
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EOS and shock evolution

from H.-Th. Janka’s presentation

2D Explosions of 11.2 M _star : Test of EoS Influence
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Numerical simulation

B
~+1.5375

* EOS: LS180, (LS220,) LS375, and Shen

* AXlsymmetrlC SlIﬂUlathn (ZEUS-2D; Stone & Norman 92)
—+1.5220

Imcompressibility [MeV]

—+1.5180

Hydrodynamics + Neutrino transfer % " -

Symmetry Energy [MeV]

dlnp 3v of dlnp 3v v of
[“( cdi *E)]“‘“Q)W [“2 (W+E>_E] Por
| E? L "
:](1—f)—xf+—(hc)3[(1—f)/Rfdu—f/R(l—f)du]

(Lindquist 1966; Castor 1972; Mezzacappa & Bruenn 1993)

[sotropic Diffusion Source Approximation (Lichendorfer+ 09)

electron-type neutrino/antineutrino

* progenitor: 15 M@ (Woosley & Weaver 95)
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Entropy evolution

LS180

T= 188 ms
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Shock radius
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LS180 and LS375 succeed the explosion
Shen EOS fails
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Dispersion of the moment

M(r,0) = p(r,0)v:(r,0) + P(r,0),
M(r) = 5/ M(r, 0)sin 0d6.

LS180

T= ms
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Dispersion of the moment

Radius [km]

{ [, (M — M(r )]2Sin0d9}1/2
ﬂ( )
p(r,)vz(r,0) + P(r,0),
— 1
M(r) = > A M(r, 0) sin 0d6.

M(r,0) =

- RQEEDA
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Summary and discussion

. T Sxposion_
* We perform axisymmetric simulations of a core- | | e

fail

collapse supernova driven by the neutrino
heating and investigate the dependence on the

equation of state
—+1.5220

Imcompressibility [MeV]

Lattimer & Swesty EOS: explosion LS180

Shen EOS: failure e 30 35

Symmetry Energy [MeV]

The symmetry energy would have greater impact than the incompressibility

The difference of the incompressibility does not affect the dynamics very much
at least with the current setup

In order to make the complete understanding of EOS impacts, a more
systematic study is strongly required!
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