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Supernova 1987A « November 28, 2003
Hubble Space Telescope « ACS

NASA and R. Kirshner (Harvard-Smithsonian Center for Astrophysics) STScl-PRC04-09a




1D simulations

(Rad-hydro)

Neutrino mechanism suggested

Wilson ‘85 }

Bethe & Wilson ‘85
Liebendoerfer et al. ‘01
Rampp & Janka ‘02
Buras et al. ‘03 ,
Thompson et al. ‘03 No Explosions
Liebendoer et al. ‘05 (Except lowest masses)
Kitaura et al. ‘06

Burrows et al. ‘07




Relax 1D assumption’?




“Neutrino. Mechanism: _
'Neutrlno. heated convectlon ; A .
*Standing Accretion Shock Instablhty (SASI) g
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i ‘Magnetic J ets: ©
" *QOnly for Very rapld rotatlons

i Acm_tsti(_: Mechanism:
*Explosions but caveats.




Neutrmo Mechamsm i
" eNeutrinqzheated convection:: - T .
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Note...

eStalled shock
*Begins 1D, but...
eConvection

eStanding Accretion Shock Instability
(SASI)




Fundamental Question of

ore-Collapse Theory




And why 1s 1t easier to explode

in 2D compared to 1D?

Murphy & Burrows ‘08




Two Paths to the Solution

e Detailed 3D radiation-hydrodynamic simulations
(“Accurate” energies, NS masses, nucleo., etc.)

e Parameterizations that capture essential physics
(Tease out fundamental mechanisms)




Burrows & Goshy ‘93
Steady-state solution (ODE)

Explosions!
(No Solution)

N\

Critical Curve

Steady-state accretion
(Solution)




Conditions for Explosions by

the Neutrino Mechanism
Murphy & Burrows, 2008

Parameter Study

Neutrino Luminosity (Local heating and cooling)
1D, 2D (90° and 180°)

11.2 and 15 Mg (range of accretion rates)

Resolution

~100 simulations




Is a critical luminosity relevant in
hydrodynamic simulations?

e 1D
e 2D Convection and SASI?




How do the critical luminosities
differ between 1D and 2D?




15. D 2017
15.0-2D2
15.0-2D5
15.0-Q1
15.0-Q2
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Why 1s critical luminosity of 2D

simulations ~70% of 1D?




onditions during Explosion

T gain
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1D — one time
2D — distribution of times

More heating?
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Conclusions

e Critical luminosity 1
simulations (

e Radial oscillatio

* 2D ~70% of 1D

e [nsensitive to re
domain

e Residence t1me
simulations
* Long T, explain;
critical luminosi




A Model for Gravztatzonak che:'_' |
Emzsszon from Neutrzno-Dmven’ -
% Explosions . % 1

Murphy, Ott, & Burrows 409' e




Murphy, Ott, & Burrows, 2009

Another Parameter Study

e Neutrino Luminosity (Local heating and cooling)

e 2D
e 12,15, 20, and 40 My (Woosley & Heger ‘07)
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Characteristic GW frequencies

and amplitudes’?




The Model: Buoyant Impulse
b(r) = f \Efsls

(GM /)2
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Similar analysis for 3D convection in stellar interiors
(Meakin & Arnett 2007, Arnett & Meakin 2009)




The Model: Buoyant Impulse
b(r) = f \Efsls
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f, ~ N/(27)
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Progenitor Mass and v Luminosity Dependence
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Conclusions

* GW emission of asymmetnc explosions
* A model for GW
* Plumes and
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Future Directions

The Condition for successful explosions
e Better approximate neutrino physics

e L_., M, and M relation!?
® Where does 1t come from?

" relate to T4, and T, condition?

e Distribution of residence times?
" Jong and short
" inherent asymmetry
= Convection & SASI in context of Accretion?

* Analytic and numerical techniques
* 3D?




Why 1s it easier to explode in 2D

compared to 1D?




Why 1s it easier to explode in 2D

compared to 1D?

Because it’s 2D







3D Stmulations

Convection, SASI, & Accretion (in 3D)?
Distribution of residence times?
Lower critical luminosites?

Randy LeVeque et al.
CLAWPACK

bottom view attime t = 0.000




