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Astrophysics with AstroBEAR: a modular (M)HD+AMR code

 MPI+OpenMP parallel implementation

e Advances a system of hyperbolic equations via
explicit timestepping

* Vetted against a variety of test problems

* Applied to a variety of actual problems

Astrophysical Jets

Adiabatic Shocked Clumps
(Poludnenko, Frank, Blackman,
2002 ApJ, 576 832)
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AstroBEAR is undergoing active development

Areas of current development include
 an implicit solver for elliptic equations (used for self-gravity, heat

conduction) -- Sorin Mitran (UNC), Kris Yirak = His: g
* 3D AMR MHD -- Tim Dennis, Andrew Cunningham (Richard Klein, . i
LLNL) EIEECEECEEet 1 1 dimiEiiEiE

» parallel optimization -- Brandon Shroyer

 radiation transfer -- Jonathan Carroll

» multiple material EOS's -- Robert Carver (Pat Hartigan, Rice U.)
e synthetic emission line data -- Jacob Palmer (Pat Hartigan, Rice U.)

* cosmic ray feedback -- Paul Edmon & Peter Mendygral (Tom Jones, U.
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Astrophysical outflows are common, interesting, and important
(still)

e Especially, the nature versus nurture debate (launching versus
environment)

[l

(HH 111)

* The model for this talk: the effect of entrained heterogeneity
(clumpyness)
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The main idea: inducing pronounced asymmetry

The usual pulsed jet setup yields near-axisymmetry in the jet beam.

(from Jim Stone's webpage)

Do non-axially-aligned features in HH objects necessarily imply
variable-angle jet launching?

Or, is it possible to recreate important non symmetric features with
a “clumped” jet beam?
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The present model “magically” seeds dense clumps
into a smooth jet beam

The clumps have random radii and speeds within a range of O.25-0.75rjet and 5% of Vi
Given below is a description of an example simulation:

Physical Properties

The Jet
Density 100 cm™
Temperature 2,000 K
Radius 100 AU
Velocity 150 km/s

Computational Properties

Cells/Jet Radius 6 (24)

t end =100 yr

N_proc =16 T=10 days
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The clumps have pronounced effect on the jet beam and jet shock
(movie 1)

y
I (top panel)

> X
/ (bottom
, panel)

t=0--100 yr

Quantity: Iogm(rho)

(This movie shows the y- and z-planes through
the center of the jet beam, over time.)

slices.AVI
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The clumps have pronounced effect on the jet beam and jet shock
(movie 2)

Quantity: Iogm(rho) ( //»
X

(This movie shows the rotation of a plane about
the jet axis, at a fixed point in time.)

slicerotate.AVI
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This work is in very early stages — steps to quantitative
evaluation of this model are in progress

The morphologies are intriguing, but effective evaluation requires
characterization via

* Emission line diagnostics

e Observational characteristics (P-V diagrams, etc.)

e Multifluid advection results

» Additional morphological features
(“bending”?)

The next stage: MHD clumps
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Thank you.
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(Some images of things
N | work on when my jets break)
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BEGIN EXTRA SLIDES
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3D contour plot movie

Red through blue: logl0(jet density tracer)
Green: log10(clump tracer)

contours.AVI
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Clumps vs. velocity movie

(Complicated.)

v-vs-clump-density.AVI
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More of NGC3372
(because it's pretty)
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