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Typical 1D simulation



/Problem A

Supernova shock in simulation
tends to stall and
does NOT explode.

Long-lasting Problem ~1980.

In 2000-2005, state-of-the-art Hot water
simulations with detailed
neutrino transport confirm that!

(Liebendoerfer+2001, Rampp+2002, Microwave oven
Thompson+2003 and Sumiyoshi+2005)

(in 1D)Neutrino heating < Cooling by Iron
@:> fails to explode!
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" Era of 3D simulation is coming!
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2 month times 16,000 cores are

used in

K computer

Most distinct development is shift from 1D to 3D(or 2D)!
We succeed to make a few explosion models!

Takiwaki+2012,2014/




" Recent Problem of CC SNe A

Results in multi-D models significantly depend on
input physics and numerical methods!

2D models for multiple progenitors Explode
e Bruenn+12:all explode

e Mueller+13:almost all explode __

e Dolence+14:not explode

e Nakamura+14:all explode\ I

e Suwa +14:half of them explode = 7@( 1

e Hanke in prep: almost all explode 2D

3D models for multiple progenitors 2L

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

e Melson+2015: explode(1 model) / (method and input)

e Mezzacappa+2015 explode (1model) 1D

« Takiwaki in prep:half of them explode Not explode

(2model explode, 1 model fails)

\_ We have to update the input physics. %




Important ingredients for core-
collapse supernovae

We have to update all input physics
and numerics.

e Dimentionality
e General Relativity
e Neutrino reactions

e Equation of state

* Progenitor Structure




" Neutrino Reactions
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There are still several minor
points that are remaining to be
updated.

Updated set is roughly consistent with the more
@ sophisticated works(e.g. Mueller+2010).
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©

600 : |
Reduced set
Updated set
500 - 3
11.2M_s e
400
300 -
200 B ‘\\.\::“\..o_‘\n"' .“‘..::--‘--.-._"‘ . "’:,,.,,,,""’uh"‘U o u pd ated
100 ' ‘
LS-K220
0 : L L I | |
0 50 100 150 200 250 300

Time[ms]
Unfortunately our 3D model with updated neutrino

reaction does not explode.
But do not forget that we now ignore GR Effect that
should help the explosion!
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/How does Y | affect the evolution of the shock?\

1. Electron capturerate 1,YIl | p+e —n—+4vre

2. Pressure |, Sound speed!, P « (Y;p)*/3,c5s ~ \/P/p

starting position of the shock!
radius

: |
vor ESh:ock starts!

3. Mass of Erdfn to dissociate 1

Hot water <=Weak Shock!

Hot water

4. The energy of the Shock |
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Comparison of the shock radius in 1D
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It's strange but reduced set is closer to the
trajectory of more sophisticated calculation.

Optimistic estimation of the reaction cancels out
@ pessimistic effects of the transport.
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oL . N
Basic idea to connect EQOS and Explosion

1. The PNS gradually
shrinks by the gravity.

2. E_grav is released.

3. E_thermalis
Increased.

4. The L v and sonic
waves are emitted
from the surface of
PNS.

Soft EOS releases large
energy and makes the
PNS dense, that
produce strong acoustic
wave.

@ Softer EOS is preferable to the explosion.
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LS(K220):Soft EOS => rapidly shrink => Large L_v
Shen: Stiff EOS => slowly shrink => small L_v

(Sumiyoshi+2005 and Fisher+ 2013 show similar results.)

/




PNS Radius [km]

—_~ [

- —~

Z

Effective Neutrino Luminosity [lUSzerg/s] D

utrjno Luminositv

)
A
]

Lsd
|

!_\J
LN
I

B
FATE -
r *
& ...1'.“\'
5 F < o s,
.e £ & =,y
E x P -
. e Wity
3 Vgt T
£ ‘"-’-"-‘
1 | [
=
&
| 3
L 3
E
i
&
£
05 r :
- 13
&
E
[ =]
el

U e | | | | I
-50 0 50 100 150 200

Time after bounce [ms]




(

1000

N
(=
(=]

radius[km]

50

(-

™
Sonic Wave
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Strong sonic wave is reflected at the PNS!

(It is a little bit hard to see, but) softer EOS
make stronger sonic wave.

(Couch 2013 and Suwa+ 2013 show similar resultsy
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Emergence of Multi-species EOS
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Emergence of Multi-species EOS
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SFHx and DD2: Multi species of heavy nuclei is included.
SFHx and DD2 > LS and STOS
Employing MS may help SNe explosion.

@ But in one-dimensional GR sim, that situation is contradictory. (Fisher+2014)/
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Summary

o ZRITVIaLl— 3
BHEIXERELGUVDREENG, BETHINLEGLDNG IS
TEUNEREA

o AJYFDHELHFERDLLLEAAIKOHLN TS
v-reaction rate: update!
Transport: IDSA => M1-closure (=> Sn)

EoS: Single nuclei => multi nuclel B Ho
/ 1.8 1[” —_—r

Gravity: Newtonian => GR

 BLRNEFLTORXZLEATNS « T !
BN, S/ TRER. AR

FRATENE A DR EIL T EIRAMEKXIZ,
M1: 6015, IDSA: 31&, IDSA+leakage: 115

TEAETILDRIELDELTED, Y,




/Key aspects of Neutrino Mechanism

Radial Velocit . .

adial Velocity / Shock When the shock is stalling,
Pressure inside and ram

Preshocked pressure out side balances.

Fe >
Ram Pressure P ~ pA’U

,OA’U2 RHS is determined by stellar
structure(density profile).

Postshocked

n,p
Pressure

LHS is determined by two

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

Fe — 30n + 26p — AQ

Heated by cooled by photo-  (2) Neutrino H_eating
' vVet+N—€e +p+ AQ

neutrino  dissociation
ve+p—et +n4+ AQ
/

Entropy~TA3/

Proto
Neutron
Star




4 . . R
Key aspects of Neutrino Mechanism

Negative entropy gradient
leads Rayleigh-Taylor
instability

Entropy~T”"3/p

convective
Energy transport
(Cold heavy matter is put over

Fe=>n, o Hot light matter)

Rayleigh-Taylor convection
cooled by transfer energy outward.
photodissociation

ated by
neutrino

Proto
Neutron

Star
Radius
Cooler than
the initial Hotter thar
state but v the initial
heat is active state
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E: Energy, F: Flux, S: Source from neutrino interaction
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IDSA(Isotropic Diffusion Source Approximation)
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