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Imagine...



An explosion condition that

...1s der1ved analytically (not heuristic)

...1dentifies how close a simulation 1s to
explosion.

...can predict which of T. Sukhbold’s
progenitors will explode.
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So what 18
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Betore I derive this, let me set the stage



1.4 Mg, R ~3000 km
Tdyn ~ 150 ms

PNS, Final R~ 40 km

Progenitor Stars




Bounce launches \/
shock wave

~0.1 to ~10 Mg/s




The Shock Stalls
Nuclei break apart,
e- cap, v losses

Accretion shock
(r ~200 km)

=




The Shock Stalls
Nuclei break apart,
e- cap, v losses

Accretion shock Vd

(r ~200 km)
—> &

Neutrino interactions
Ly ~few x 1052 erg/s o °

cooling ~ /" « m

heating *




Important Parameters:




Fundamental Question of

Core-Collapse Theory

Stalled Shock o LXplosion

Murphy et al. 2013




What are the conditions for
shock revival?

vg > ()



A couple of examples

vg > ()












But this is order of
magnitude
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Important Parameters:




Important Parameters: 1

ot

Steady-state X
Solutions between /
NS and shock

A Boundary Value Problem




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

Explosions?
(No Solution)

ve \

Critical Curve

Steady-state accretion
(Solution)




Murphy & Burrows ‘08
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2D & 3D critical luminosity
lower than 1D

Turbulence plays an important
role!

Murphy & Burrows 2008

Murphy & Meakin 2012

Burrows, Dolence, and Murphy 2012
Murphy, Burrows, and Dolence 2013
Dolence, Burrows, and Murphy 2013



VC

This has been a useful
tool but...




VC

Is this region really associated
with Explosions?

\

Can one derive this line?



VC

Can one derive the reduction due
to turbulence?




Yes



Let’s start with two assumpftions:
1. vs=0 1s the condition for explosion
2. Integral condition will be illuminating



Let’s start with two assumpftions:
1. vs=0 1s the condition for explosion
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d*x Ly,
— /. or —v° + @ = const.



Let’s start with two assumpftions:
1. vs=0 1s the condition for explosion
2. Integral condition will be illuminating

d*z  f L,
— == or —V° 4+ @ = const.
dt? m 2 ?

Will use vs = 0 to derive an integral condition
for explosion.



Governing Conservation equations

dp
ot




Governing Conservation equations

dp
ot

Change of mass __ AF, — A F,
in box




Governing Conservation Equations

dp
ot

|
U

V.- F




Governing Conservation Equations

dp
ot

V- F=5

Change of mass

in region 1 — 143(’01 - )02)@5



In steady state...

145(,01 — /OQ)US — F1141 — FQAQ + /de



In steady state...

145(101 — /OQ)US — F1141 — FQAQ -+ /de

vs > 0



In steady state...

145(101 — ,OQ)US — F1141 — FQAQ -+ /de

vs > 0

F1A|1 — FyAs + /SdV >0



Energy equation ¢, > ()



Energy equation ) > ()

° <14+ X
Qﬁ NS A""jQﬁNS




Energy equation ) 2 ()




Momentum equation



Momentum equation Ve > ()




Momentum equation Ve > ()

Y1 + / | (2y — 1) zdx > 2252,
1




Momentum equation Vs > ()
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Simulations W = 0 suggests

~ we’re on right track

nearness-to-explosion?
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Momentum equation ¢y > ()

U1 +/ | (2y — 1) zdx > 225,
1

Need Analytic expressions for |




Solution strategy:

Pick a trial R

Find (semi-)analytic solution for y and z
between Rns and R

Evaluate W for this particular solution, it
might be > 0,=0, or <0

Repeat Need Analytic expressions for

P P

§ = —
7/ e, PNS



0.5 This family of solutions all have the same-
Lv, Tv, Mns, M, Rns

1 > 3 1 5 6 7 S 0 10
r's/TNS




L, =20
L, =25 |-
L, =3.0




— L,=20
2.0 L 25|
— L,=30
1.5} /US > O _
1ol Woin = 0 gives critical |
set of parameters
0.5
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L5+ US > O

M =0.20

M =0.30 |-

M =0.40




2.0

Mys =1.5




Use W,:, to derive LV-M critical curve

66
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Use Wi, to evaluate nearness-to-explosion
in 1D simulations

69
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Summary
o derive Win = 0 from vs =0

* Explains Ly-M curve
* LLy-M 1s a special case of Win=0
* nearness-to-explosion condition



Future Work

Dertve Wnin = 0 with turbulence
Toward a truly analytic solution

GR

Compare with self-consistent 1D and
3D simulations

Derive Mns, M, Lv,and Ty from
progenitor



