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Did he just say
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gravitational waves

like crazy?

\ the SASI, rotation with
é MHD, and the gnodes!
Mr. Chairman, if we have
t| _ to run this model for 100
yearsto getthe answer, we

will do just that!

Even the French, Japanese,

Swiss, and Germans are |
doing it!!! ¢
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Yeah right, show
me robust and
powerful 2D
neutrino-driven
explosions! Got to
go straightto 3+1
GRRMHD, Bill!
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gravity
bomb!

The election year 2008 in the light of recent
advances in coreollapse supernova theory. C.D. Ott @HP July 2008 2




Blowing up Massive Stars:
CoreCollapse SN Mechanisms

A Standard Neutrino mechanismorks in 1D for lowesmass
massive stars ({Dle-l\/lg cores)[Kitauraet al. 2006, Burrows 1987, 2007d]

2D: accretion induced collapse with rapid rotatiQiy.s s s+ nx 86+

A More massive progenitorsiulti-D effects probably crucial:
Convectionaccretion shock instabilitiesotation, MHD,PNS pulsations

4 2D/3D Neutrino\

Mechanism
+Aenergy deposition.

+Convection/Standing
AccretionShockinsta

> 11.2 Myyn 15 Myypy
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+Si/O burning.
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MHD-Jet

Mechanism

+Rapid Rotation

+B-field amplification:
flux compression, MR,
winding, dynamos

+Robust, early jetriven
explosions (up to 10 B)
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Acoustic

Mechanism
+EXxcitation of PN&mode

pulsations by accretion/
SASl/turbulence.

+Damping via emission @

strong sound waves thg
steepen to shocks.

+Robust, late explosions
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Observables
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"Classical Observational Astronorr

A Explosion morphologiightcurve
energy, chemical composition.

A Progenitor type / mass.

A Pulsar kicks.

_A Neutron star mass.



Constraining the
CoreCollapse Supernova Explosion Mechanisn
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Chandra

Neutrinoand Gravitational Wave Astronom)-/- ) i
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supernova engine.
Observables

A GWs Directly linked to theubiquitous
multi-D dynamicsn the postshock region _|

and in thePNS




GW Emission Processes In COamlapsesSNe

A Rotating core collapse and core bounce

NewtonianQuadrupoleFormula:

A Postbounce convection and SASI.
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A Anisotropic neutrino emission.
A PNS core pulsations.

A PNS dynamical rotational 3D instabilities.

A Asphericabutflows
(jets; precollapse asymmetries)
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Rotating Core Collapse and Bounce

A CollapseAngular momentum
conservation leads to spin up &
rotational deformation of inner &

A At core bounce: Very large
accelerations> rapidlychanging
massquadrupolemoment.

A Most extensively studied
GW emission in core collapse:

Ruffini& Wheeler 1971  Seideletal. late 1980s
Thuan& Ostriker1974, Finn & Evans 1990
Saenz & Shapiro 197881 Moenchmeyeretal. 1991
Moncrief1979 Bonazzola&& Marck1993
Mueller 1981 Yamada & Sato 1995
Detweiler& Lindblom1981 Zwerger& Mueller 1997
Turner & Wagoner 1979 Dimmelmeieret al. 2002

Ott et al. 2004

Shibata &Sekiguch2004
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New ResultsRotating Collapse and Bounce

[Dimmelmeieret al. 2008 Dimmelmeieret al. 2007, Ott et al. 2007, Ott 2006]

A First 2D/3DGRsimulationswith 2007 "7 T T T T T3

hot microphysical EOS & 10 =
deleptonizationduring collapse. 100 \ 3
A GW signature determined by 50 | "y ‘E
Inner core massnner core :a; OF \ ’,M A DS SO
angular momentum - OF ‘ [y E
and (to some extentjiuclear EOS 7 -100 3 f ' zi;ﬁggg E
A GW signal of generic shape; 150 | — 2042009
y2 avYydzZ GALXES G ¢ 3
or fizzlers. 20 | — Ea
ADza FNBY 4ljdad ———tom b
cores (precollapse,k ~10 s) t - thounce (IS)
RSUSOUIFoOf SE UKNRdAdAK22dzi GKS
Milky Way.

A Important finding:
Cores stay axisymmetric through bounce and early postbounce phase
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New Extended 2D GR Model Set

[Dimmelmeier Ott, Marek andJanka&2008 submitted Dimmelmeieret al. 2007ab, Ott et al. 2007]

A>140 2D GR 10— e
(i) > (i) " ami :
models with Y() () () Lo 0o M
parametrization. e [P She i ) 2 ° % 1
_ he = (3]0 e )fdf) @ e
A 6 presupernova g2 xow X
models. = ! x A%
A Slow to very rapid = x
rotation. % —
. - ® Sl1i, en .o
A Solidbody to 3 s11, LS EoS
@) 21 ® 515, Shen EoS
m.Oderat.ely S 10 \ s15, LS EoS
differential = | e 520, Shen EoS
rOtati on. ‘E i ° 24218’ ]gksle]icgos
A 2 finitetemp. =° | | s40,LSEoS
el5/e20, Shen EoS
nuclear EOSs. i o15/e20. LS FoS -
ReSUH:S 1 1 1 1 | 1 1 1 1 1 | 1 |1
AGW signature of rotating collapse 00 000
/. [Hz]
multi-degenerate. ¢
AKey parameters: 1) slow rotation, pressudi)minated 3) rapiql ro.tation, pressudminated,
. bounce, prompt convection rotationinfluenced bounce
APrecollapse centrah. 2) moderatelyapid rotation, pressure  4) single centrifugal bounce.
APrecollapse irostore mass/entrop dominatedibalince o
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PNS Spin and Rotational Instabilitie

[Dimmelmeieret al. 2008, Ott et al. 2007, Ott et al. 2006]
A Classical picturddigh T/|W| instabilities.
Azimuthamodese exp(meb @ Y T-W2 B 6 & &
(T/lWl) dynamicaI: 0-27’ (Tllwl)secularz 0L1l2;, [2., Cremersa iy 1962

Numbers hold roughly in GR and moderate differential rotation
[e.g.,Baiottiet al. 2007]
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[Shibata et al. 2000, 3+1 GR simulations]



