Al EHERMAICL AHEERYELOEE 2011/1204@5HOEB

HBIFE2EEND3IDIIal—

Takiwaki, T., Kotake, K., & Suwa, Y. 2011, submitted to ApJ; arXiv:1108.3989
and recent result

Tomoya Takiwaki
National Astronomical
Observatory of Japan

HPCI researcher




Supernovae
neutrino driven explosion

core collapse Vv trapping core bounce K
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History of supernovae studies
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- Breakthrough by 2D simulations
Murphy & Burrows 2008
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Nordhaus et al. 2010
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2D Cylindrical(Left) vs 3D Cartesian
(Right) Gray Luminosity Adaptive mesh refinement is used

3D simulation require less luminosity compared to 2D!
Counter argument is presented by Hanke et al 2011. 3D model
might not be always good for explosion.

Under a realistic situation, is 3D good or bad?

Anyway--- nature is 3D.
K yway
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Is 3D simulation key for successful explosion?
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The feature of our study

® previous works

2D with spectral neutrino transport (Buras 2006, Marek &Janka
2009, Suwa et al. 2010) or

3D with simple assumption of neutrino luminosity (Iwakami et al
2008, Nordhaus et al. 2010)

* this work

combining with good feature of
the previous work,

3D simulation with spectral
neutrino transport is presented!

Takiwaki, T., Kotake, K., & Suwa, Y. 2011,
submitted to ApJ; arXiv:1108.3989
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Neutrino transport, concept

p+e =n—+ v
n—l—e+<:*p—|—17€

— Toward Thermal &|Beta
matter equilibrium

Trapped neutrino

B Diffusion
free streaming neutrino

Neutrino sphere
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IDSA( isotropic diffusion source approximations)
Dividing neutrino into two parts, trapped and free streaming
For v_X, simple leakage scheme
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Neutrino transport, trapped part
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Neutrino transport, free streaming part
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Angular integration is performed.
Different from the original IDSA,
Vgreat the LHS explicitly and the RHS implicitly.

Newton Method is used for solving RHS.
NO message passing during the iteration.
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Difference of Resolution
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In high—resolutional model!
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Fine structure inside the shock is produced
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Evolution of Shock
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N 3D model is better than model !




Advection time vs Heating time
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Neutrino Heating
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3D model is better than
model !

Neutrino average energy [MeV]

16

14 |

Heating time scale [ms]

100

80

60

40

20

50 100 150 200

Time after bounce[ms]

gl

60 80 100 120 140
Time after bounce [ms]

160 180 200




‘Advection timescale
(Sorry ! This slide is based on the previous work)
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3D > ' 3D is good for explosion
(Same analysis should be done at the new work)
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Summary

We perform first 3—dimensional simulation with spectral
neutrino transport.

e Advection time scale of 3D model is longer than that
of 2D. 3D is good for explosion.

e Neutrino luminosity of 3D model is bigger than 2D
with same average energy.

As a result 3D is good for explosion in this resolution.
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[ wish this result (or tendency) is confirmed by models

3D modeling of supernovae starts Young phase.

with higher resolution, that is computed by K computer.
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NAOJ-XT4 T2K-tukuba K computer
300x64x32 320x64x128 > 640x128x128
\_ 256 parallel 4096 parallel > 16,384 parallel %
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