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Abstract: The role of outflows in global star formation processes has become hotly debated even as fundamental questions about the nature
outflows continues to receive attention. In this talk | discuss both problems and new approaches to their resolution. Astrophysical outflow:
always been a subject at the forefront of the numerical technologies and in the first act of the talk | introduce AstroBEAR, a new Adaptive
Refinement MHD tool developed at Rochester for the study of star formation outflow issues. The question of \'feedback\', the mechanisms by
protostellar outflows can drive turbulence in either clouds or clusters, is then addressed via AstroBEAR simulations. In these studies we
understand the detailed mechanisms by which outflows can return energy to their environment and, perhaps, drive turbulent motions. Fin
turn to the MHD processes involved with the outflows themselves and focus on a new tool, High Energy Density Laboratory experiments.
present results from a campaign of experiments carried out at Imperial Collage in London which directly address issues of magnetically dor
radiative outflows and jets.
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A Cast of Many

=
AstroBEAR MHD / Young Stars

Lab Astro:
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Star Formation, Complexity and
“Multi-physics”

m Stars (planets) form via gravitational collapse
of ‘Molecular Clouds’

m Rad. transport modifies thermal properties o
gas collapse

= B Fields mediate collapse & drive outflows

m ... dissipative processes, N-body processes, e



Some Outstanding

Questions in Star Formation
_‘_

s What controls Star Formation Efficiency?
— M > M.

jeans

— SEE << 30%

s What is nature and global role star formation outflo
— Nearly all young stellar object drives outflow

= tof = .1 tfnrm
EE Lof > 10 Lforrn

m Answers effect everything from Cosmology to
Astrobiology




Talk in 3 Acts

_‘_
m Act I: How to study these problems

= Advances in Multi-physics AMR simulation
studies

m Act II: Outflow Feedback and Cloud
Turbulence

m Act III: MHD Processes in Qutflows

— Laboratory Astrophysics studies of
Magnetized Episodic Jets.




Act 1

Frontiers of Algorithm
Development

_'_

= Adaptive Mesh Refinement — code
automatically places grid cells where
needed.

s Multi-physics — code simulates many
physical processes simultaneously

— Magnetic Fields, gravity, radiation
transport, chemistry, ionization dynamics.
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Basic Equations (Magnetic fields only)

MHD Equations hp+ V -(pii) = 0 (conservation of mass)

h(pi) + V- (piii +P) = 0 (conservation of momentum)

WB+V -(@B"— Bi@') = 0 (induction equations)
H(pe) + V - (peii + Pi) = 0 (conservation of energy)

V-B = 0 (divergence constraint)

Here p(#.%) > 0 is the density, and #(7.7) and B(#.t) € R® denote the velocity and the magnetic field

respectively. The matrix P(T, 1) = (p;; (¥, 1)) € R""" is ghen by

l -} I —a— : 1 —a) X 1 -3
P:= (p + B*) 7 - 4—53 (t,p + —B7)a. .. — —B_-Bj) _

8= 37 i 47 ° =1
where p(F.f) > 0 is the pressure. With temperatare T(7,{) and internal energy = = 2(p. T ) the total energy

r,t) satisfies
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Adaptive Mesh Refinemen

AMR
_l_

» Different AMR Methods:
Patch based regridding
Cell based regridding

» University of Rochester Code
AstroBEAR: patch

» Hierarchy of Grids

* Require Prolongation/Restriction
Operators (MHD Balsara 2001)
Carry data from one grid level
to another
- Prolongation (Corse to Fine) R. Deiterding
» Restriction (Fine to Corse)




AstroBEAR MHD-AMR Code

» Set of Riemann solvers (Full, Roe,
MHD).
» MHD divergence preserving:
options for several forms of CT
method.
» MHD DivB = 0 Prolongation-
restriction.
> Built-in physics modules:
> Time-dependent lonization and
HChemistry
» Radiation driving via Thomson

scattering
>

> Parallel — load balance and
domain decomposition
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AMR MHD
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m Hydro: Need conservative prolongation/
restriction operators.

m MHD: Maintain solenoidal condition. Need
divergence free operators
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Self-Gravity and AMR
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Self-Gravity

Density isosurface AMR grid Structure
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