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Introduction




Core Collapse and Explosion
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What can the stationary accretion shock
instability (SASI) accomplish, even in the absence
of initial rotation!
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Blondin and Mezzacappa 2007

Amplify the magnetic field to dynamically significant strength,
at least in axisymmetry
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The model




Initial steady state toy model

Shock placed at Ry, = 200 km
Accretion rate of 0.36 Mg s™+

Outside the shock

Inside the shock
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Initial steady state toy model

Polytropic equation of state with v = 4/3
Adiabatic evolution

Inner boundary conditions at Rpng = 40 km
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Initial steady state toy model

Magnetic field

10 G 2t Rpns

Inner boundary conditions
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Numerical scheme

[deal magnetohydrodynamics (MHD) (zero viscosity and
resistivity, except for numerical dissipation)

Time: semi-discrete formulation evolved with second order
Runge-Kutta scheme

Space: central-upwind (finite volume) scheme, second order
with generalized minmod slope limiter

Divergence-free evolution of Faraday’s law via constrained
transport scheme

HLL solvers for fluxes on zone faces and electric field on zone
edges

Cartoon method (axisymmetry with Cartesian coordinates)
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processors
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Energy of an unperturbed 2D magnetic model

(1 B=10"" erg)
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Growth of the magnetic field
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Energies over time inside the shock
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A brief physical explanation

A SASI-induced lateral flow advects radial magnetic field lines
towards the symmetry axis, resulting in amplification by
compression

Constrained by axisymmetry, and without an (initially)
symmetry-breaking initiation of a toroidal flow, the fluid has
no choice but to turn parallel to the symmetry axis

But a fluid flow parallel to the magnetic field cannot advect
the field, so it remains “deposited” at the site of impact

The flow will eventually turn back away from the axis; but to
the extent the field is weaker at this position, less magnetic
field is advected away than was originally delivered
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A brief mathematical explanation

0B
Y E
> AVAD

where for vanishing resistivity

E=—-—uxB

Initially u and B are both radial, in accordance with
stationarity

In axisymmetry and without rotation, any SASI-induced
lateral flows give rise to a toroidal B, which manifestly
has a curl parallel to the symmetry axis
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A brief mathematical explanation
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Near peak, decline begins (downward slosh underway)

1
:.|1 (=
-

b3 [ &] k3 b3
N
n

i
o g

. 2.50

Max: 2614
Min: 0.000

" 3.92e+04
2.94e +04

- 1.9 0 +04
98le+03
0,00

Max: 3.924e+404
Min: 0.000

1.600
4 » &L, . Max: 4.504
1.000e-10 *4** R : v = Min: 0.000

Max: 2.930e-08
Min: 0000

- 8.700

7.600 1 X N Fiﬂfi**? 9.500
Max: 12.04 ' : _ = Max: 1427
Min: 0,000 d 4+ x Min: 0.000

> A, - ]

Christian Y. Cardall at Asymmetric Instabilities in Stellar Core Collapse, Paris, 4 July 2008



Field significantly erased (nadir of downward slosh)
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Continuing growth enabled (persistent pl
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Growth saturates (field resists further flows towards
axis)

- 4.630

.10
Max: 3200
Min: 0.000

- 4,259 +04

" 3.22e+04

B g B g g S S e R
B I T e

2.15e +04 | | = : k) I Al g \
1.07e +04 / LRy Tty y LA .

-2.583

0.00

Max: 4.294e+04 X % i X i - e _
Min: 0.000 1 Ry ». TY Y y & r o
; ; L " & A G Pl . 1.900

Max: 4.633

3 S i~ : ; Min: 0.000
I : ‘ | . 4 : *
1.000e-05 " \ ' b P
. oK
" Lk ¥ =
- X

Max: 4323
Min: 0.000

P e e B R W R

1
-

ik

LY RN g Fury

4t
o
¥

n,
w
E ah 2~

-

N R
* o

Aoy g

C han =i Sl ae AU e WY

8.500
Max: 15.27
Min: 0.000

9.500
¢ Max: 17.29
Min: 0.000

i

Bk o N
Ay e

;

*
—
u
&

Christian Y. Cardall at Asymmetric Instabilities in Stellar Core Collapse, Paris, 4 July 2008




Dynamical consequences




Shock expansion

V _Shock
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Shock aspect ratio

Aspect ratiol.5
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Low-density funnel
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“Entropy” generation
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Conclusions




The SASI can accomplish what previously had
been attributed to strong rotation

Asphericity
Pulsar spin

Magnetic field amplification

Magnetic field amplification in axisymmetry

Exponential amplification of B, to dynamical significance
(~ 10'° G) in polar regions by compression and deposition

Some field strength advected throughout the shock volume

This amplification mechanism seems to depend upon
axisymmetry in an essential way
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Impact of amplified magnetic field in axisymmetry

Modest but noticeable increase in overall shock expansion
No obvious impact on overall trend in shock aspect ratio

No direct driving of jets, but low-density funnel could facilitate
collimation of (for example) neutrino-heated ejecta

Significant entropy generation, probably by waves in the
“ . ” . 3
magnetic trunk’ steepening into shocks

Some questions we hope to answer soon
What happens in 2D with rotation—and in 3D?

Even if this amplification mechanism does not survive in 3D,
can the shear associated with plunging streams trigger the

MRI?
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Angular momentum of a perturbed 3D magnetic
model
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