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Core-Collapse Supernovae
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- Gravitational Collapse—Core Bounce
—Stalled shock
- Neutrino Heating Mechanism 7?




Boltzmann Neutrino Transport
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Sumiyoshi+ (2005) Liebendoerfer+ (2001)

-Explosion failed in 1D < confirmed by the Boltzmann
transport

- The Boltzmann transport Is also required for multi-D
simulations.



Multi-D Boltzmann Simulation

Nagakura+ (2018)

-Results of multi-D Boltzmann simulations
.Collapse of the 11.2 Me (Woosley+ 2002)
progenitor

-Comparison of the equations of state is shown




Setup

-Progenitor: 11.2 Me (Woosley+ 2002)
-EOS: Furusawa EOS (multi-nuclear species.
Relativistic Mean Field theory)
. v -reactions: Standard set of Bruenn (1985)
+GSl electron capture. Bremsstrahlung

-Rotational velocity: Sheller rotation

O(r) = 1rad/s

1+ (/108 cm)?

- Grid number:
(Ny, Ng, Ny, N,,, Ny, N3) = (384,64[128], 1, 20, 10, 6)



Entropy (rotating)

- Evolution until ~ 200 ms after bounce




Entropy (hon-rotating)

- Evolution until ~ 200 ms after bounce
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Time evolutions of shock radii

-Evolution until ~ 200 ms after bounce
-Comparison between rotating and non-rotating models.
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Trajectory of the PNS center

-Evolution until ~ 200 ms after bounce
-Comparison between rotating and non-rotating models.

rotating ———
non-rotating ——

0.05 0.1 0.15 0.2
time after bounce ¢y, |s]

=
=5,
N
Z.
al
=
—
O
+~
-
O
O
U2
.
A
G
o
+
5
4=
o




Istributions

Ino D

-Neutrino Distribution functions at ~ 10 ms after
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Istributions

Ino D

-Neutrino Distribution functions at ~ 10 ms after

Neutr
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Neutrino fluxes

- @ -component of the neutrino flux at ~ 10 ms after bounce

- The sign of the flux Is different between in the fluid-rest-frame and in the
laboratory frame.

- The Ray-by-Ray approximation can not capture this feature.
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Eddington Tensor

-Evaluating M 1-closure method-Eddington tensor
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Boltzmann

T r—(‘omponent
Boltzmann M1-closure

rf-component x 10

Boltzmann M1-closure

omponent x 10

Eddington tensor

-Eddington tensor at ~ 10 ms after bounce

Boltzmann M1-closure

rf-component x 10
Boltzmann M1-closure

00-component
Boltzmann M1-closure

f¢-component x 100

Boltzmann M1-closure

p-component x 10
Boltzmann MI1-closure

O¢-component x 100
Boltzmann M1-closure

-0.6
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Eddington tensor

-Eddington tensor at ~ 10 ms after bounce
- Tensors calculated by the distribution functions and the M1-closure

Boltzmann M1-closure Boltzmann M1-closure

rr-component r¢-component x 10




Eddington tensor

-Eddington tensor at ~ 10 ms after bounce
-Radial profiles of eigenvalues
.~20% errors in M1-closure method
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Eddington tensor

- The Eddington factor does not necessarily
Increase with the flux factor increasing.

" Eddington factor

eigenvalue

lateral 1
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radius r [km]




Eddington tensor

- The Eddington factor does not necessarily
Increase with the flux factor increasing.
-Comparison of distribution functions

Near to the shock
Far from the shock
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Eddington tensor

he flux factor x (cosf,)

he Eddington factor o (cos®6,,)

he distribution function at cosf, ~ —1 decreases
with getting closer to the shock—The flux factor
Increases and the Eddington factor decreases.
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Eddington factor

- Prolateness of distribution
-M1: prolateness is estimated from deviation of distribution

outer .

Inner actual
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- Features which can not be reproduced by
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- The accuracy of the M1-closure method is
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