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Trinity of Astro-nuclear-physics
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module commons
implicit NONE

real*8 :: real8
integer, parameter :: rl = kind(real8)

parameter
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real*8 pi,tiny,huge

parameter(pi = 3.14159 26535 89793 23846d0)
parameter(tiny = 1.000e-30 )

parameter(huge = 1.000e+30 )
character(2)::
integer :: incr
integer:: strtoi
logical flag
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c units

real(rl), parameter :: M 0 = 1.4d0*1.989d33
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Era of 3D simulations Is coming
for neutrino driven explosion

11.2 wo rotation

_ Bubbly Explosion

13.0 wo rotation

t= 0270 ms

27.0 wo rotation

" 1000 km

Non-Explosion

11.2 w rotation

t= 0200 ms

1000 km

1000 km

_ bipolar Explosion

27.0 w rotation v 9259 I

1000 km

N ObIate Explosnon




" Contents

- Ba s i1 c-Reatmd methanism

- 3D no-rotating model

explosive nucleosyntesis

- 1D atrtificial exploding model

(long term simulation)
r-process nucleosynthesis?

. 3D rotating model

r-process nucleosynthesis?

. Toward making convincing
. Summary




e

Two class of CCSNe
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) . We focus on this
Neutrino Mechanism
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~ Basic setup
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(1) Gravitational Collapse

(2) Core-bounce by nuclear
force

(3) Shock propagation and
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/Key aspects of Neutrino Mechanign

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

Preshocked pressure out side balances.

Fe >
Ram Pressure P ~ pA’U

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

Postshocked

n,p
Pressure

Entropy ~n3/ 0 LHS is determined by two

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

Proto
Neutron

Star (2) Neutrino Heating

neutrino  dissociation

Fe — 30n + 26p — AQ

cooled by photo -
Heated by yp Ve 41N — e~ 4+ p+ AQ
e+ p—et+n+ AQ
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/Problem A

Supernovae shock in simulation
IR tend to stall and
[ does NOT explode.

l Long-lasting Problem ~1980.
RSV At 2000-2005 state-of-the-art

neutrino transport confirm that!

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

W e In real world explode?
@ Why does SNin sim. fall to explode?
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"Erom 1D to 3D A
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2 month times 16,000 cores are
used in K computer
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Most distinct development is shift from 1D to 3D(or 2D)!
We succeed to make a few explosion model!

@ Takiwaki+2012,201éy
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Energy transport

Fe=>n, p

cooled by
photodissociation

Radius
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heat Is active

4 . .
Key aspects of Neutrino Mechanian

Negative entropy gradient
leads Rayleigh- Taylor

Instability

(Cold heavy matter is put over
Hot light matter)

b

Rayleigh-Taylor convection

transfer energy outward.
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/Shape of the explosion

Entropy t= 0198 ms M any h ot
bubble Is
observed.

That Is
evidence of
strong
convection.




" ExplosiveNucleosynthesis

Entropy e ‘ t= 0018 ms Entropy - l t= 0178 ms Entro

Finally Ni is produced
behind the shock and
Ni that i1s the main fuel

S % Heavy Nuclei of supernovae optical
o ) light curve.

Temperature
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Radius [km]

@Does I-process occur?

‘1D artificial Explosion

Heatlng rate is 5 times enhanced. Eexp = 0.8 X IOSIergS
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@ Does r-process occur? No. Only Weak-r(LEE/P]
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4 . ™
Rotation

Rotatlonal energy(T)/gravtatlonaI energy(W)
reach some criteria => Spiral mode arises

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

Spiral wave transfer the energy to the outer regon.
Finally explosion is found!
© Frayer




