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Progenitor aspherisities before core-collapse
Couch & Ott ’13,°15, Couch+’15, Miller & Janka *15, Muller+’16, ‘17
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See also: Arnett & Meakin ‘16, Chatzapoulos+’16, Collins+’17, Fernandez ‘15




Si shell
O shell

Large progenitor
aspherisities are
common

Si shell
O shell
Si shell with Ma < 0.01




300

250 :

200 ’ !

radius [lcm'
—
ﬁ

— 518-1D

2.0 5Lcrit ~ 22% — 518-3Dr |’

— 8518-3D

| , : : :
0.0 0.1 0.2 0.3 0.4 0.5 0.6
time after bounce [s




Qualitative Picture

Miller & Janka ’15, Miller+16, Couch & Ott ‘15

* Accretion
» Shock crossing

 Post-shock

Si/O shell




Shock crossing

Abdikamalov+2016 and Huete+2017
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Linear Interaction Analysis

Blokhintsev ‘40s, Ribner 53, Moore ’54, Chang ’57, ...,
Wouchuk+’09, Huete+’17

U1 + 0vq Vg + 0U2

shock wave

T, + 8T} Ty + 615



Linear approximation:
validity region

(6Ma®) < 0.1(Ma* — 1)

Lee et al (1993), Ryu & Livescu (2014)

In CCSN progenitors: ) Ma, ~ O]_7 Ma, Z 5

e.g., Muller et al (20106)



Turbulent Fluctuations:
decomposition

Kovasznay (1953)
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Modes evolve independently in the linear limit for
uniform mean flow.



Turbulent Fluctuations:
decomposition

Radice+16. Kovasznay (1953)
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Method: decompose turbulence into waves, calculate
interaction for each wave, and integrate the result over all
waves






“Direct injection” of kinetic
energy
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Explosion Condition

Pturb ~ 5U2 P




Explosion Condition

Pturb ~ <5U2>,0

A —3/5
Lcrit X (1 -+ §<Mag>)

Miiller & Janka (2015)

See also: Takahashi+2016, Mabanta & Murphy 2017



Explosion Condition

Ma; Y O . ]_ e.g., Miller et al (20106)

Ma oc r37=7)/4

Kovalenko & Eremin (1998)

Assuming “direct injection”:

5Lcrit ~ 12%

Abdikamalov et al (2016)



Turbulence driven by buoyancy

Muller et al (2016, 2017)
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Entropy perturbations

Huete, Abdikamalov, Radice (2017)
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B Nuclear dissociation
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Other modes



Acoustic Waves 1n
Turbulent Motion

e o OMa’

[Lighthill 1952, Landau & Lifshitz 1959]

For subsonic turbulence,
sound emission is negligible!



Acoustic waves during accretion

Kovalenko & Eremin 1998, Foglizzo 2001, Muller & Janka 2015

1. Entropy perturbations:

OF ~ (hg — h1)5m

Foglizzo & Tagger 2000

2. Vorticity perturbations:

)
—pNMa

P

Miiller et al (2016, 2017)




What’s next?

* Improved infall evolution
 Acoustic waves
* Non-uniform flow

 Post-shock evolution



