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Press Release in April

There are two press release on supernovae in last April
One: Lensed extremely luminous type Ia supernova.

The other: 3D explosion of type I supernova found in K-

computer.




Why is CC SN interesting?

® [ast time of massive stars

¢ Birth of neutron star

® Mother of supernova remnant

® One of the most luminous object in the universe
® Target of Multi-messenger astrophysics

® Source of heavy elements in galaxies

® 4 kinds of force atfects the explosion mechanism




Various Kinds of CC supernovae
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Initial Mass of Progenitor

Fate of the star
differs from the
properties of the

progenitor:

1. Mass

2. Metallicity

3. Rotation

4. Magnetic Field
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Two class of CC SNe
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Neutrino Mechanism
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Neutrino Mechanism

I’ll explain one by one

1. Initial setup
2. Key aspects of neutrino mechanism
3. Simulations

4. Eftect of Rotation
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Key aspects of Neutrino Mechanism

Radial Velocity / Shock

Post Shock
Postshocked

n,p

The shock is stalling.
Pressure inside and ram

Preshocked pressure out side balances.

Fe 1 5
Ram Pressure p = §pA’U

Pressure
5PV RHS is determined by stellar
structure(density profile).
RadiusE

LHS is determined by two

Fe=>n, p ingredients.
(1) Photodissociation

Fe — 30n + 26p — AQ

(2) Neutrino Heating
vVe+N—¢e +p+ AQ

Ue+p— et +n+ AQ
/

Entropy~T*3/p

Proto
Neutron
Star

Heated by cooled by
neutrino  Photodissociation




A example of the failed supernovae

Non-Explosion
|s observed

t=-21 ms

SR Cntropy s
B Visualized

symmetric
simulations




4 . . ™
Key aspects of Neutrino Mechanism

Negative entropy gradient
leads Rayleigh-Taylor

Heated by instability
convection

Entropy~T"3/p

(Cold heavy matter is put over
Fe=>n, P Hot light matter)

Rayleigh-Taylor convection
transfer energy outward.

ated by
utrino

cooled by
photodissociation

Proto
Neutron
Star

Radius
Cooler than
the initial Hotter than
state but v the initial
heat is active State

- /




Neutrino Mechanism

I’ll explain one by one

1. Initial setup
2. Key aspects of neutrino mechanism
3. Simulations

4. Eftect of Rotation




s11.2(Light Progenitor) Q=0rad/s

o Cxplode!
= Convection

EoS : LS-K220

resolution :
384(r)x128(0)x256(¢p)
The finest grid

+Leakage
Hydro:
HLLE, 2"d order




" Shape of the explosion ?

el \Vany hot
bubble is
observed.
That is
evidence of
strong
convection.

1000 km




s2/(heavey Progenitor) Q=0rad/s

WWW Failed

(or need long-term sim.)

EoS : LS-K220

resolution :
384(r)x64(0)x128(yp)

Neutrino Transport :
Ray-by-Ray:IDSA
+Leakage

Hydro:
HLLE, 2nd order




Neutrino Luminosity

™

Mass accretion vs neutrino heating

> Heavier progenitor
results high mass
accretion rate and
GR effect? high ram_pressure-
That spolls the
’ explosion.

p > %pAUQ p = %pA’U

explode

11.2

27.0
p < %pAvQ

fall

GR effects(or
update of
microphysics) can
Mass accretion rate change the
situation. y







Nakamura+ 14.

Compactness of progenitors

+ Compactness parameter £ (O’'Connor & Ott ‘11 )
— Ratio of mass M to radius R(M) which involves M
M/ M,

R(M)/1000km

§

« Sukhbold & Woosley ‘13 (arXiv:1311.6546)
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* Average shock radii Nakamura+ 14.

— NOT a monotonic function of ZAMS masses
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Nakamura+ 14

t400: Lver Eexpr & Mg - § parameter
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Neutrino Mechanism

I’ll explain one by one

1. Initial setup
2. Key aspects of neutrino mechanism
3. Simulations

4. Eftect of Rotation




Bar mode instability

Rapid Rotation => spiral instability

In the rigid ball,
Rotational energy(T)/gravtational energy(W)=14%

In Sne case, criteria becomes smaller.

Called low-T/W instability




Neutrino + rotation
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Spiral wave transfer the energy to the outer regon.
Finally explosion is found!




" Shape of the explosion ?

t= 0250 ms

Strong
expansion
Is found at
equatorial
plane




11.2 wo rotation

t= 0220 ms

0

1000 km

Bubbly Explosion

13.0 wo rotation
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ObIate Explosmn

The mass of the progenitor and rotation make various type of

Explosion(or Non Explosion).




a Does rotation affect the shock revival?
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Explosion Energy 107 [erg]

Explosion Energy [10Sl erg|
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" How energetic is that?
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Observe 0.1-0.4 10”"51erg!
It's close to 10751 erg!
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Message

Although CC SNe are not completely
understood, we are close to solve the problem.

(It's might be semi-final match or final match?)

Quite nice model (close to the real one) can be
obtained.

When should we start the collaboration on
astronomy with realistic supernovae model?

Now’'s the time!
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