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•  1	
  solar	
  mass	
  rotaMng	
  dense	
  core,	
  iniMal	
  density	
  ~10-­‐18	
  g/cm3	
  

•  Uniform	
  verMcal	
  magneMc	
  field,	
  ~160	
  μG	
  (mass-­‐to-­‐flux	
  raMo	
  5)	
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Magnetic Energy Growth 

Tricco,	
  Price,	
  Federrath,	
  in	
  prep	
  	
  



“I won’t believe SPH can do MHD  
 until it can do the MRI.” 

  - James Wadsley 
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What’s our secret? 
•  Two things: 

1.  “Constrained” Hyperbolic Divergence Cleaning 

2.  An artificial resistivity switch to reduce numerical 
dissipation of the magnetic field & capture shocks in 
weak field regimes 



Magnetic Fields in SPH 
Most	
  important	
  criterion:	
  
	
  
	
  	
  
	
  
l  Real	
  fields	
  have	
  no	
  divergence,	
  so	
  we	
  want	
  

our	
  representaMon	
  of	
  the	
  field	
  to	
  be	
  realisMc,	
  
l  If	
  large	
  divergence	
  is	
  present,	
  can	
  cause	
  

numerical	
  arMfacts	
  and	
  stability	
  issues.	
  



No	
  Cleaning	
  

Hyperbolic	
  

Hyperbolic/	
  
Parabolic	
  

Hyperbolic Divergence Cleaning 
(Dedner et al, 2002) 

•  Couple	
  scalar	
  field	
  ψ	
  to	
  magneMc	
  field:	
  
 

•  Produces	
  damped	
  “divergence”	
  waves:	
  



• Define	
  energy	
  of	
  ψ	
  field	
  

•  Include	
  as	
  part	
  of	
  system	
  Lagrangian:	
  

• New	
  evoluMon	
  equaMon	
  

Constrained Divergence Cleaning 
(Tricco & Price, J Comp Phys, 2012) 



●  Derive SPH cleaning equations from discretised Lagrangian: 

●  Requires conjugate derivative operators for           and       : 

●  Retains conservation and stability properties of SPH 
●  Guaranteed to always decrease divergence of the field due to 

strict energy conservation 
●  Provides approx. 10x decrease in divergence error 

Constrained Divergence Cleaning 

Tricco	
  &	
  Price,	
  J	
  Comp	
  Phys	
  (2012)	
  



Grid code (Pluto) Moving mesh (Arepo) SPMHD 

de
ns

ity
 

h 
|d

iv
 B

| /
 |B

| 

Comparison to other MHD Methods 
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Powell 8-wave 



Magnetic Shock Capturing 
•  MagneMc	
  shocks	
  captured	
  by	
  using	
  ArMficial	
  ResisMvity	
  

•  Dissipate	
  magneMc	
  field	
  about	
  the	
  shock	
  to	
  correctly	
  model	
  disconMnuity	
  

•  Use	
  a	
  “switch”	
  to	
  acMvate	
  resisMvity	
  only	
  near	
  shocks	
  to	
  reduce	
  dissipaMon	
  

•  Previous	
  switch:	
  	
  	
  
•  Failed	
  when	
  magneMc	
  field	
  is	
  very	
  weak	
  

Previous	
  switch	
  Fixed	
  resisMvity	
  



Magnetic Shock Capturing 
•  New	
  switch:	
  	
  sets	
  AR	
  	
  	
  

•  ie,	
  relaMve	
  degree	
  of	
  disconMnuity	
  in	
  the	
  magneMc	
  field	
  

•  valid	
  for	
  all	
  field	
  strengths,	
  captures	
  shocks	
  as	
  field	
  is	
  amplified	
  

Previous	
  switch	
   New	
  switch	
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Previous switch New switch 



Summary 
• Method	
  enhancements	
  for	
  SPMHD:	
  
1.  Divergence	
  cleaning	
  which	
  is	
  stable,	
  effecMve,	
  robust	
  
2.  Switch	
  to	
  reduce	
  dissipaMon	
  of	
  the	
  magneMc	
  field,	
  	
  

can	
  capture	
  shocks	
  in	
  the	
  weak	
  field	
  regime	
  
	
  

If	
  you’ve	
  been	
  hesita4ng	
  about	
  adding	
  magne4c	
  fields	
  
to	
  your	
  SPH	
  simula4ons,	
  hesitate	
  no	
  more!	
  
	
  
Feel	
  free	
  to	
  contact	
  me:	
  
terrence.tricco@monash.edu	
  
h<p://users.monash.edu/~tricco	
  


