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Most luminous object in Universe
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プレゼンター
プレゼンテーションのノート
LBL Research Review, Vol. 14, No. 1, Spring 1989, p. 3. (BERKELEY-LAB )
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/Problem

N t=-21 ms

Long-lasting Problem ~1980.
fl In 2000-2005, state-of-the-art

Why does SN in real world explode?
(] Why does SN in sim. fail to explode?

S R tends to stall and
IR does NOT explode.

™~

Supernovae shock in simulation

simulations with detailed
neutrino transport confirm that!

(Liebendoerfer+2001, Rampp+2002,
Thompson+2003 and Sumiyoshi+2005)
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/Key aspects of Neutrino Mechanism

Radial VelOCIty / Shock When the shock is stalling,
Pressure inside and ram
Preshocked pressure out side balances.

Postshocked
n,p Fe >
Pressure Ram Pressure P ~ pAv
P /OA’U2 RHS is determined by stellar
structure(density profile).
Radius s
Entropy~T/3/ LHS is determined by two

Fe=>n, p ingredients.
(1) Photo-dissociation

Fe — 30n + 26p — AQ

Heated by cooled by photo-  (2) Neutrino Heating
eatea by et s e+ b4 AOQ

neutrino  dissociation
ve4+p—et+n+ AQ

(- g
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Neutron
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Neutrino Heating Mechanism
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"From 1D to 3D

Shock radius [km]

0 50 100 150 200 250

Time after bounce [ms]

2 month times 16,000 cores are
used in K computer

Most distinct delopment iIs shift from 1D to 3D(or 2D)!
We succeed to make a few explosion model!

@ Takiwaki+2012,2014 /




4 . .
Key aspects of Neutrino Mechanism

Entropy~T~3/p

Proto ne

Neutron
Star

Utrino

ated by

convective
Energy transport

Fe=>n, p

cooled by
photodissociation

Radius

Cooler than
the initial
state but v
heat is active

Negative entropy gradient
leads Rayleigh-Taylor
instability

™

(Cold heavy matter is put over

Hot light matter)

Rayleigh-Taylor convection
transfer energy outward.

state

Hotter thal
the initial

-
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" Shape of the explosion ?

Entropy - Many hOt
N . O bubble is
observed.

That is
evidence of
strong
convection.

g 1000 km




Toward making convincing model
Multi-D model is very delicate that depends on input
physics and methods strongly!

2D models for multiple progenitors Sploctz

e Bruenn+12:all explode

e Mueller+13:almost all explode

e Dolence+14:not explode _ I

e Nakamura+14:all explode 72(

e Suwa +14:half of them explode 1

* Hanke in prep: almost all explode 2D 3D

3D models for multiple progenitors \

e Hanke in prep:not explode(3model) l Range of error

. .. / (method and input)
e Takiwaki in prep:half of them explode
(failed in heavier progenitor) 1D
Not explode

_ It's urgent to brush up the numerical and physical methods. J
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Two class of CC SNe

Neutrino Mechanism Magnetic Mechanism

AMagnetic Fields
Rotation
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4 . ™
Rotation

Rotatlonalenergy(T)/graV|tat|onaI energy(W)
reach some criteria => Spiral mode arises

In the rigid ball: 14%
@ In SNe case: ~ 6% (Called low-T/W instability) y




Rotation :
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Spiral wave transfer the energy to the outer region.
@ Finally explosion is found!




" Rotation B
Enteocy Strong
expansion Is
found at
equatorial
plane

1000 km

(see also Nakamura+14 and Iwakami+14)/




" Rotation rate before the collapse

Initial Q Profiles

—— m15b6
------- rotation law, A=1000 km

>Fields

A
10°

Ott+ 2006

Our model of rapid rotation
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4 .
Convective Effects ¢ ..o, transport by

thermal convection

Entropy~T~3/p

Fe=>n, p
cooled by

photo-
dissociation

Proto Energy transport b
Neutron Rotation and N
Star Magnetic field 200km
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e~0.1
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Magneto-driven Explosion

1R L TIEH !
sn2006aj:
etk DIEFEE L Tohi
FEZRLTWS(Z L
AVRISED BRI,
Jet & wound magnetic line  WERIERMN?

(entropy contour)

™~

o WilmZEHR L > TRAMK
INR T WBHEIZES, .
o INIDNIVMAIDE S Z Bk



プレゼンター
プレゼンテーションのノート
Magnetic field converts the rotational energy to explosion energy.
We explain the mechanism.
Arrow means magnetic field line and this broad arrow means rotation.
This illustration shows that initial poloidal magnetic fields and
 the  rotation make strong toroidal magnetic field.
This toroidal magnetic field makes strong pressure gradient at pole.

Then magneto-driven jet is launched like this figure.
This figure is the result of my simulations, this shows that the magnetic field line is wound up around the jet.




/Winding Effects

Entropy~T~3/p

Fe=>n, p
cooled by
photo-
dissociation

Amplification of

Proto magnetic
Neutron pressure ~200km
Star
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R-process

mass number, A
80 120 160 200 240

Nishimura+ in prep

mass number, A

80 120 160 200 240
+J | I.I I I_I 1 I 1 1 1 I 1 1 1 I i r I r r r I r r r I r r r I r r T I .
T . B12p4.00
TR I 1 ik
L= -
> 0f =
@ . = 0
Q
% -
= -1 _: - -1
=
8 : 3
2 — 'lo - 2
3 -
: = - -3
.'l::.'l:”.'.'l:::l:::l-. S PR TSI SR B
80 120 160 200 240 80 120 160 200 240
mass number, A 1 mass number, A

BROTHIZEHO>TTESDr-processTLU AN EL S,




Moestat+ 2014
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From Supernovae to Neutron star

Radius [km]

Time after boune [s]
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Summary
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