The basics of the Advective-Acoustic Cycle
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1. Instability of the stalled accretion shock during core collapse
2. The advective-acoustic cycle: a new instability ?
3. Understanding simple toy models

-why is there an advective-acoustic coupling ?

-why a low frequency, low | instability ?

-why transverse rather than radial ?

4. Conclusion: back to the core-collapse problem




Instabilities during the phase of stalled accretion shock

be

- Convection in the gain region, low 1
(Herant, Benz & Colgate 1992)

- 1=1,2 SASI in an adiabatic flow:
vortical-acoustic CYCIG (Blondin, Mezzacappa & DeMarino 2003)
or purely acoustic mechanism (Blondin & Mezzacappa 2006) ?

entropy [ks/nuc]
0.100 sec

-Neutron star kick resulting from the 1=1 instability of

convection and/or vortical-acoustic cycle
-(Scheck et al. 2004, Janka et al. 2004, Scheck et al. 2006)

- New explosion mechanism driven by acoustic waves, initiated
by the advective-acoustic cycle (Burrows et al. 2005)

convection ?
SASI 2003 ?

SASI 2006 ?
advective-acoustic cycle ?




Contribution of the convective instability
to a mode 1=1 ?
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Asymmetry without convection:
adiabatic simulation of a stalled accretion shock
on a neutron star
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Evidence for a vortical-acoustic CYCIG (Blondin, Mezzacappa & DeMarino 2003) Linear stability analysis
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3. Understanding simple toy models
-why is there an advective-acoustic coupling ?
-why a low frequency, low | instability ?
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4. Conclusion: back to the core-collapse problem




Aero-acoustic instabilities

- advected perturbations
- acoustic feedback
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Analytical study of the advective-acoustic coupling

1n a radial, accelerated flow
Foglizzo (2001, 2002), Foglizzo, Galletti & Ruffert (2005)

supersonic flow
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Bondi-Hoyle-Lyttleton accretion; unstable
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Advective-acoustic coupling: hand waving
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Advective-acoustic coupling: illustrative simulations

N 2 isothermal simulations (thanks to F. Masset)
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The simplest example of an advective-acoustic instability
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M, -2-D perturbations w, k|
Zgy — - —
) <Z N7 _X> M
! ! T in
Qsn Ren M, =5, y=4/3, T;,/T,,=0.75 (M;,=0.39, M, ,=0.14)
| . . . . ‘ ‘
. ‘\/Z\ ? o Az =0
pa4 ) i v
( )
| -y 0,5 7 9 12 -
1 : o« o o0 *
[ J
° ° ° ®
I 3 5 8 1
Qv o ,.A»..A,’R’V - 0 £
—\& ST \\:_:// s
’YAZV . 0
Zy 1 > 0,5
S N X
e 3 Mout
< -1 T
0 2 4 10 12 14
(ur/2n

2lllin Zsh — 2V

. QeivTe | ReiwWT™” — 1

o = 1+ ,u/inMin Zsh — 2V
e~ 1- M12n I'Uin|

1
Apsin 2 1 ch 4 kich (Aq2 2 " =20, My, +—
o (1= M) (1 - Mf) Mout + Hous 1= o 4 25 (M, = MGy = MM = 10, Moo (HM,,,M,-H M
2 2
2 2 -2 BoaMiCi” + 1, M €0 \1= 0, M, 2 1
/‘&Outccﬁ_nt + in //V\Ei)‘:t 1+ ,UzoutMout (’Y + 1)(1 - 'u’inMiﬂ)(;u'in + 2;UfinMin + Ml ) ' ot W, +2u, M, + M]z




05

-0,5

Effect of the size Azy of the coupling region

compact approximation confirmed

8
(u'/2n

0,5

M,=5, y=4/3, T, /T,,=0.75

a low frequency instability

/

Cw <L Wy

\

a low n_ instability

M,

Y A~

_\‘//\ /\Q j

0 2%

Zg \Jr

a possible benchmark test

@ Az_=0.1
v
. 4
5 .
L4
3 °
3
» 0 ; 6 z
9 1
° °
12
°
s 10
. T
0 2 4 6 8 10 12 14
w/2n
v

why not n =0 ?

why so much irregularity ?

£ xY




Comparison of n,=0 and n >0 modes

- no vorticity in 1-D: the instability of the mode n =0 relies only on temperature gradients
- transverse modes benefits from the vortical-acoustic coupling
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$ ? Contribution of the acoustic cycle
\6\7 B Ry R, (Foglizzo 2002)
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->the stability threshold is very sensitive to geometrical factors
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Conclusion

Simple toy model of the advective-acoustic instability in a decelerated flow
- gradient cut-off -> low frequency on 1

kyc(l — M?*)?2 <w K wy

- acoustic evanescence -> low n_

- vorticity -> transverse rather than longitudinal

- acoustic cycle -> sensitive to geometrical parameters

Benchmark test for numerical simulations

- advection of vorticity, numerical viscosity ?

Relevance to the core-collapse problem ?
- gravity, geometry, photodissociation, heating, cooling

- detailed comparison with numerical simulations: ongoing effort (Blondin, Scheck et al. 2006)
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