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•  Solve hyperbolic 
PDE with elliptic 
constraints: MHD 

•  Source terms for 
energy loss/gain, 
ionization 
dynamics, Real 
EOS 

•  Operator splitting:  
gravity, heat 
conduction (HYPRE) 

• Sink Particle/
Particle Dynamics 



AstroBEAR Basics 
Reconstruction 



AstroBEAR Basics 
Riemann Solver and Time Stepping 



AMR MHD: Div B = 0 
  Hydro: Need conservative prolongation/ restriction 

operators.  
  MHD: Maintain solenoidal condition.  Need 

divergence free operators on “staggered mesh”. 



AstroBEAR 1.0 MHD-AMR Code 

AstroBEAR strategy:  Use a variety of 
methods  
 
•  Reconstruction: Muscl, PPM, PPH 
•  Riemann Solvers: Roe, HLLD, Marquina 
•  Integration Schemes: RK, Muscl-Hancock 
 
MHD CT:  Ryu et al (95),  

    Balsara & Spicer (99) 



AMR Parallel Performance  
AstroBEAR 2.0 Distributed Tree 

Level	  2	  grids	  nested	  within	  parent	  level	  1	  grids	  

Level	  2	  nodes	  are	  children	  of	  level	  1	  nodes	  

The	  AMR	  tree	  contains	  all	  of	  the	  parent-‐child	  rela:onships	  
between	  grids	  on	  different	  levels	  as	  well	  as	  neighbor	  
rela:onships	  between	  grids	  on	  the	  same	  level.	  

Mesh	   Tree	  
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AMR Parallel Performance  
AstroBEAR 2.0 Level Threading 

Serial Execution 
Good performance requires load balancing every step 

Threaded Execution 
Good performance requires global load balancing across AMR levels 



AB 2.0: Parallel AMR Performance 
Carroll, Shroyer, Frank & Ding 2011 

  Scrambler: Load balance AMR grid hierarchy 



Shocked Radiative MHD Heterogeneous Flows 
(Frank et al 2011)  

  Low Clump Filling Fraction 



Star Formation Studies w AstroBEAR 2.0 
Carroll et al 2011 

Molecular 
Clouds: 
Origins as 
colliding 
flows 
 
Hartmann et 
al 2002 
 
Heitsch et al 
2008 

Density 

Temp 

X Velocity 

Potential 



Star Formation Studies w/ AstroBEAR 2.0 
Carroll et al 2011 

Iso-surfaces 
Of Density 



Star Formation Studies w/ AstroBEAR 2.0 

2 Runs: Different AMR Refinement Criterion.  
Maps of Density 



Clumpy Jet Models: Yirak et al 2011 
Synthetic Observations Green Hα Red [SII] 

0 degrees 

20 degrees 



Magnetic Tower Simulations 
Huarte-Espinoza et al 2011 



Magnetic Tower Simulations 
Huarte-Espinoza et al 2011 



In AstroBEAR, we solve the magnetic diffusion equation  
in addition to the ideal MHD equations using operator splitting method. 
 
The equation is: 

The diffusivity η can be derived from the Spitzer resistivity for  
fully ionized plasma. In Gauss unit, it is: 

where T is the electron temperature in eV, Zeff is the effective ion  
charge. The Coulomb logarithm is given by: 

Here, T is the same as before, n is the electron number density in the  
units of per cubic centimeter. 
 
The “F” function in the diffusivity definition can be written as: 

Microphysical Resistivity in AstroBEAR 



Resistivity Implementation (Li) 

Compute the induced “emf” along the four edges: x1, x2, x3, x4: 
 
 
 
 
 
“emf” on each edge is obtained by computing the curl of magnetic field 
at that edge, multiplied by the local diffusivity, which is obtained from 
the edge centered temperature and electron number density. For instance, 
to calculate the “emf” at edge x4, we need to first find the averaged  
temperature and electron number density at x4 to calculate a local  
diffusivity, then calculate the edge centered curl of magnetic field  
using the available field components at face centers F0, F7, F8, F12. 
 
Once we find the “emf” along the four edges, we can calculate the field  
change by: 
 
 
 
 
 
 
To avoid field divergence when doing AMR,  it is important to keep  
track of and store the edge centered “emf”. 
 
 



The initial setup is demonstrated by the diagram on the left.  
The field points to opposite directions on the upper and lower half planes. 
The temperature is initially uniform, the total pressure is in equilibrium at 
the beginning.  
We setup the computational diffusivity so that the small area surrounding the origin has slightly increased diffusivity.  
 
Because of the increased diffusivity at the origin, the field at the upper and lower half planes will be bent towards the origin, creating a  
reconnection spot.  
 
The high reconnection rate at this reconnection spot converts the magnetic energy into kinetic energy and produces the observed flow pattern. 
 

The Current Sheet Outflows Generated by Local Magnetic Reconnection 

Initial Field 



Anisotropic Heat Conduction  
(Li, Frank & Blackman 2012) 

  Heat Conduction at Thermal Interfacce 



Conclusions: 

  AstroBEAR 2 AMR Multi-physics 
 Efficient AMR parallelization  
 MHD 
 Self-Gravity, Heat Conduction 
  Ionization Dynamics, Chemistry, Real EOS 
   Sink Particles 
  (X) Radiation Transfer 

  Collaboration/Training 
 Wiki 
 Open for use by other groups (UNC, Rice, LANL, Bonn) 


