Multi-dimensional
Progenitors of Core
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Topics:

® Pre-collapse dynamics: O+0 and Si shell
interaction (a major issue!)

® A Turbulence Model to replace mixing-
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C, Ne and O burning
Versus
C, Ne, O and Si burning




Model: ob.2d.e (entire domain) Time = 164 sec
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Model: si.Zd.a Time 345 sec
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Casey Meakin & David Arnett (2006) — Steward Observatory
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Model: si.2d.a Time 345 sec
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We need 3D simulations to confirm these 2D results (a major
computational challenge; Meakin and Arnett, in progress)

We need full 4 pi steradian geometry to get the lowest order
modes

Contrary to conventional wisdom, progenitor models are a
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Toward a 3D
Turbulence theory:

® numerically simulate turbulent convection
in a realistic stellar model (O burning shell
in a collapse progenitor)

® theoretically analyze the numerical data



® anelastic and low-mach solvers give an
increase in time step of only 10-100 for
realistic progenitors due to accuracy
limitations (good but not big enough for
evolution)

@® implicit solvers (Viallet) are also limited
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Sulfur-32 [mass fractionl, 3D Wedge

Casey Meakin & David Arnett (2008)
Steward Observatory
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New results:

® Kolmogorov damping balances buoyancy (to fix velocity scale
and remove adjustable alpha parameter)

® turbulent braking layers enclose Schwarzschild convection

Sunday, July 15, 2012



Rotation and Convection:
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ase 1: Deep interior
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Arnett & Meakin, 2009, IAU265
2.5

Radius (10 cm)
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Schou, et al., 1998, Ap]

DIFFERENTIAL ROTATION IN THE SOLAR ENVELOPE

0.8 -
0.6
0.4 -

0.2 -

0.0

1 2dSOLA

Angular Frbe)que

0.0
1.0-
0.8
0.6
0.4

0.2 1

| 1dx1dSOLA

0.2

0.4

0.2

0.0

0.2

] 1.5dRLS
001 _

nHz

days

401

ncy/Period

ll‘ i




® Balbus & Weiss (2009, MNRAS) show that
this behavior does NOT require a magnetic

field, but may be a result of purel
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Red Giant: Brun & Palacios, 2009, ApJ, 702, 1078
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We see a variety of behavior!

It seems to depend upon Rossby number (ratio of inertial to
Coriolis force), and perhaps stratification

above j~10A14 cmA2/sec, rotation will dominate convective
mixing, giving a bifurcation in behavior (and a new class of

progenitors)
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