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Diagnostics of Explosion

O Morphology of Blasts: Spatial Element/Debris Distribution
O Pulsar Proper Motions (“Kicks”)

O Pulsar Spin Periods

O Neutrinos

O Gravitational Waves

O Nucleosynthesis - R-process ?
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QESTAR will map the remnants of recentisUpEag:
Explosions, testing theories of where therelemenss
are born )

SN 1987A...

Cas A supernova remnant
NuSTAR simulatid Mhandra contours

NuSTAR spectrum™] :
uSTAR Spectium NuSTAR will measure and map the

1 of two knots

% T “Ti lines at 68 and 78 keV in historic
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Pulsar Kicks

O Hydrodynamic Mechanism Seems Natural - “Simple”
Recoll

O Net Neutrino momentum component may be small

O No need for exotic mechanisms (Harrison-Tademaru,
parity violation, B-fields, ....)
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he Origin of Pulsar Kicks in Hydrodynamic Recoil~__,
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Nordhaus, Brandt, & Burrows 2012
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symmetry in Neutrino Luminosity after Explosion: Kicks!
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RO 3D AMR Neutrino-Driven Explosion Model: Induced
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RO 3D AMR Neutrino-Driven Explosion Model: Induced
Time=0.0852/9 s

Rantsiou et al., Ap.J.
732,57,2010
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CASTRO 3D AMR Neutrino-Driven Explosion Model: Induced Spin
(1.7 vs. 1.9)?
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Collapse Neutrino
Detected
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- Progenitor Model: 11 Mg
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Ejecting Some Y_> 0.5 Material
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Dependent
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odiﬁcations to the Solve“’r"“j

A [Ott et al. 2008, arxiv:0804.239, ApJ 682, 1277, 2008]
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Neutrino Energy Deposition

A .
Neutrino Gain and Loss (10*° erg s™' g7") Neutrino Gain and Loss (10*° erg s™' g7")
2.0 -1.0 -0.4 0.2 0.8 1.4 2.0

LWL, NS

- 10 -0.4 0.2 0.8 1.4

z [100 km]

x [100 km) x [100 km]

» s20.nr: Little difference between MGFLD and S, at 160 ms after bounce.

« s20.11: Large (factor ~3) polar differences in specific heating rates.
* (only = 2% difference; S, gain < MGFLD gain!) /



Gravitational Radiation from
Supernovae

Ott et al. (2004,2006)
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Gravitational Waves from Supernovae
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25 M, no rotation
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A Boltzmann Formali
~ Oscillating Neutrir

P. Strack and A. Burrows

Y. Zhang & A. Burrows 2013




|. Quasi-classical Boltzmann
equations

Quantum analog to the classical phase-space density

p(r,p,1) = f v e PTaT(p - lp’ tHa(p + lp’ )
? ? (27[)3 2 ? 2 ?
Make operators to numbers F = (njlp|n j) = (f e Jeu )
— Diagonal elements: real numbers: phase-

space densities

—r Off-diagonal elements: complex
numbers: macroscopic overlap

feu = {ny,lp(r,p, f)|’1v,,)

(13 Iy . l l
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ll. Quasi-classical Boltzmann
equations

Merging the Boltzmann equation with the Heisenberg
equation yields
of 1| oF)| 1. o0F| .
{V,E} -+ E{p’%} = I[Q,T] +C

— +
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Flavor Oscillation physics 1s implemented via
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l1l. Quasi-classical Boltzmann
equations

Separation of scales (small de Broglie wavelength of the v’s when
compared to density gradients & no density fluctuations)

neglect off-diagonal Liouville terms

New “custfﬁized” variables
Macroscopic QOverlap densities:
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Quasi-classical Bolt
equatlo

¢+ Wigner density matrix, ensemble-averaging

F = (nioln) = (,’f ’;‘“
Jeu Jvy

gonal elements: real numbers
Space densmes
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“R-process” Nucleosynthesis?

No natural site for 2nd or 3d

Peak in CCSNe (- Solar
Metallicity)?




Movie

NSCL, Michigan State University

Calculation

and A. Aprahamian, University of Notre Dame

Model

and R. Surman, Morth Carolina State
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Fi. K. Otsuki et al. 2008
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~ Summary: Diagnostics of Explosion

O Morphology of Blasts: Spatial Element/Debris Distribution
O Explosion Energies and Nickel Yields

O Pulsar Proper Motions (“Kicks”)

O Pulsar Spin Periods

O Neutrinos !

O Gravitational Waves

O Nucleosynthesis - R-process ? The first peak?



