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gestrichelte Gerade markiert (bei nicht allzu hohen Temperaturen) die ungefahre Grenze
zwischen nicht-entartetem und entartetem Elektronengas [Iben, 1991, ApJ Suppl 76, 55].
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Abbildung 2.2: Entwicklung der Zentraltemperatur und Zentraldichte in der Dichte

Temperatur-Ebene von Sternen unterschiedlicher Masse (Werte in Einheiten von Sonnen-
massen). Die gestrichelten Linien sind die Ziindkurven fiir H-, He- und C-Brennen. Die
gestrichelte Gerade markiert (bei nicht allzu hohen Temperaturen) die ungefahre Grenze
zwischen nicht-entartetem und entartetem Elektronengas [Iben, 1991, ApJ Suppl 76, 55].
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Step 2 Neutrino Trapping (1)

| (Weinberg) (Salam)

Weak interacting particle
(R TIEREIZE L spinl/2D FIF)
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Step 2 Neutrino Trapping (2)
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Cross section of coherent scattering (i .)

is proportion to A2, thus important
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" Figure 83 A plot of the potential energy W, kinetic energy T, and total energy E = T + W as
function of nuclear radius R for a system of identical neutrons interacting via a purely attractiv]
nuclear potential. The point R, is the radius at which E attains its maximum value. [After Blatt an
Weisskopf (1952).]
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v' During the shock-passage in the iron core, the kinetic energy
of the shock gets small due to the photo-dissociation at
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v' SN simulations over these 20 years show that
bounce shock always stall because the kinetic energy
of the shock is deprived by the photo{dissociation of Fe nuclei.
— Direct “prompt” hydrodynamic explgsion fails.

v’ The bounce shock turns into the standing accretion shock.

v’ The supernova problem is how to reviye the stalled shock into
explosion!
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Figure 83 A plot of the potential energy W, kinetic energy T, and total energy E =T+ W as
function of nuclear radius R for a system of identical neutrons interacting via a purely attractiy
nuclear potential. The point R, is the radius at which E attains its maximum value. [After Blatt an

iq K. Oyamatsu, Nucl. Phys. A56!
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v/ Equation of state
depends on three
variables( k. BE. #&)

* EOS data table (~60MB) covers
— Density:

10° ~ 101 g/em?
0~0.56
0 ~ 100 MeV

— Proton fraction:
— Temperature:

VE/NAL SN CYNAY (L

Free €, normal nuche
MNeutronization , nuclear lottice
Lattice of neutron-rich
nuclei, free neutrons

Relativistic &
Neutran drip

%
¥}
-~
s
a
=
-
b=
o
o
on
=]

SRR

c

i
. il

Neutrons, protons
Hyperonization

10 15
log plg/em?)

FiG. 3.—Representative equations of state for cold neutron
stars based on nonrelativistic calculations. For comparison
the equation of state for a free gas of neutrons is shown
{(— —-). The region contained in the rectangular region (upper
right corner) is shown enlarged in Fig. 4.




Tens of Nuclear Equations of State.......

TABLE 1B

EQUATIONS OF STATE

——— - —
Model Interactions

A Reid soft core—adapted to nueclear matter

B... Same as A; arbitrary reduction for hyperon-hyperon
attraction

C.. Modified Reid soft core; noninteger » in equation (3.1)

D.. Same as C; more mearly realistic adaptation o hyperon
matter

E... Reid soft core; modified hyvperon interactions based on
quark theory

F... Thomas Fermi model

I Modified Reid soft core. Localization via nonrelativistic
harmonic oscillators,

H........... Mone

I Levinger-Simmons velocity-dependent ¥

L.. Muclear attraction due to scalar exchange

M........... Muclear attraction due to pion exchange tensor
mteractions

M.. Relativistic mean field scalar plus vector exchange fitted
to nuclear matier

..

Monperturbative, phenomenological approximation to
relativistic meson exchange

From Arnett & Bowers, (1987)

Variational p1
Same as A

Consirained v
Saime

Reaction mat

Brueckner G-
F-matrx; mcl

Fermi statistic
Hartree-Fock
polential
Mean field arp
imethod
Constrained

Mean ficld ap

Felativistic fir

3?[} T T T T T T T T T T I 1 1

36.5 -

it

o

]
I

log P (dynes/cm?2)

355

35.0F

345 L
4.5

15.0 155
log p(g/cm?)

Fic. 4.—Equations of state used in obtaining the results in
Tables 2-8. For comparison we include a free neutron gas (H)
and the early work of Cohen, Langer, Rosen, and Cameron
(I). Letters denote equation of state referenced in the In-
troduction.
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10FECHULVEIET, —DDREBAEARA LM G, ST,

(Lattimer & Swesty’91
NPAS535(1991)331

LS-EOS Shen-EOS

Model Compressible Rel. Mean Field +
liquid drop model | Local-Density Approx.

Bulk EOS | “Skyrme”-like RMF (RBHF)
REHRERD

incompressibility

K =180,220,315 MeV K=281MeV (&)

BRDRFBIN—7O%ICE ), BEDREFENL
FIINB LIk o &, SINCERCANPA 637(1998)435
Ishizuka EOS: Hyperons J. Phys. G35(2008)085201.

Nakazato EOS: Quarks  prD77(2008)103006.



Relativistic mean field theory NP1
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e.g., Glendenning Compact Stars] Springer
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http://www.rcnp.osaka-u.ac.jp/~hosaka/lecture/mokuiji.pdf
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e.g., Glendenning Compact Stars] Springer

Relativistic mean field theory AP L5 sexoms res—aiLcog.

http://www.rcnp.osaka-u.ac.jp/~hosaka/lecture/mokuiji.pdf
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Shen et al. (98)
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and the Klein-Gordon equations for the meson fields are given by
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Parameter

TM1

M [MeV] 938.0
my [MeV] 511.19777
m,, [MeV] 783.0
m, [MeV] 770.0
do 10.02892
G 12.61394
9, 4.63219
go [fm1] -7.23247
gs 0.61833
C3 71.30747
5 :Shfg Kiuchi & Kotake
MNRAS (2008)
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ed and most promising way to produce SN explosions.
d in the 1D numerical simulation by Bethe & Wilson ’85
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heating
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: I
4 ] Cooling rate ~ R{-6}

x cm?: D E TR cooling rate \ I

X(5—7 Iy T) : wting rate ~ R-2}
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with T~1/R » Stellar radius
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BETHE AND WILSON ApJ 295 (1985)
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heating rate [erg/g/s]

Sumiyoshi et al.
2005
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Observationally, the shock-wave reaches to the

stellar surface somehow... with its kin. E of 10°1 erg!
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