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Discuss two papers

• Abel, Hahn, & Kaehler 2012 MNRAS “Tracing the Dark Matter Sheet in Phase 
Space” 


• SIC method for 1D Vlasov Poisson 
Kates-Harbeck, Totorica, Zrake & Abel 2016 J.Comp. Phys. 

• Preprint on applications of the phase space sheet method to analyze 2 and 
3D Weibel instability Vlasov-Maxwell simulations 
Totorica, Fiuza, Abel in preparation 

•  Brief mention of Powell and Abel 2016, J. Comp. Phys.



Kates-Harbeck, Totorica, Zrake & Abel 2016 J.Comp. Phys.



Kates-Harbeck, Totorica, Zrake & Abel 2016 J.Comp. Phys.



Kates-Harbeck, Totorica, Zrake & Abel 2016 J.Comp. Phys.



Warm Plasmas!





2D Weibel instability

• Test problem: 
• 2 cold, counter-propagating 

electron species 
• Weibel seeded in the magnetic 

field 
• 7 simulations scanning over 

particles-per cell 
• PPC = 1, 4, 16, 64, 256, 

1024, 4096, 65536 
• Compare physical quantities 

calculated using standard 
method and new method 
• Deposit triangles using PSI 

(Devon Powell)

Totorica, Fiuza, Abel 2017 J.Comp. Phys. in prep



EXACT OVERLAP INTEGRALS. USEFUL BLACK BOX?
➤ To write new cosmology and plasma 

codes exploiting cold three dimensional 
manifolds in 6D phase space one needs 
to learn how to robustly calculate 
overlap integrals of Polyhedra. 

➤ This leads to exact and robust 
remeshing techniques which likely 
much more generally useful. 

➤ Developed in N-dimensions with N-th 
order polynomial functions 

➤ Using these ideas to do beam tracing 
for radiation transport. 

➤ Enables waterbags in higher 
dimensions.  

➤ New hydro methods? Already being 
used in ALE codes at Sandia

Powell & Abel 2016, J. Comp. Phys.



2D SIMPLEX: TRIANGLE 
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3D Weibel



Lagrangian Tessellation: What’s it good for? 
Not complete!

• Analyzing N-body sims, including web 
classification, velocity dispersion, 
profiles, resolution study  
(Abel, Hahn, Kaehler 2012) 

• DM visualization 
(Kaehler, Hahn, Abel 2012) 

• Better Numerical Methods 
(Hahn, Abel & Kaehler 2013, Hahn, 
Angulo & Abel 2014-, Angulo and Hahn 
2016, Sousbie & Colombi 2016) 

• Finally reliable WDM mass functions 
below the cutoff scale 
(Angulo, Hahn, Abel 2013) 

• Gravitational Lensing predictions 
(Angulo, Chen, Hilbert & Abel 2014 

• Cosmic Velocity fields 
(Hahn, Angulo, Abel 2014)The SIC 
method for Plasma simulations (Vlasov/
Poisson) 
(Kates-Harbeck, Totorica, Zrake & Abel 
2016, JCompPhys) 

• Exact overlap integrals of Polyhedra 
(Powell & Abel 2015 JCompPhys) 

• Void profiles, Wojtak, Powell, Abel 2016  
MNRAS 

• Stücker, Busch, & White 2017: Median 
density of the Universe 

• East, Wojtak, Abel compare numerical 
GR and Newtonian cosmology 2017 in 
prep 

• Powell & Abel 2017, Beam Tracing for 
radiation transport 

• Powell, Banerjee, et al: DM annihilation, 
Neutrino phase streaming 

• Totorica, et. al. Weibel instabilities, 
shocks, particle acceleration in PIC 
simulations in prep. 

• Kopp et al (tomorrow) 
• your application here …



SUMMARY
➤ Methods developed for collision-less particles in cosmology are of clear 

value to improve on PIC simulations in plasma physics 

➤ Some warm plasmas can be modeled efficiently with a collection of cold 
sheets  

➤ 1D Vlasov Poisson Simplex in Cell method requires 10-40 times fewer 
particles for same accuracy in linear and mildly non-linear problems 

➤ 2D analysis of Vlasov-Maxwell Weibel instability simulations suggests 
that important features are converged with ~3000 fewer particles.  

➤ Very interesting possibility that in 3D some problems may be studied with 
more than 10,000 times fewer computational resources at the same 
accuracy and inherently more information. 

➤ We have a working 1D Vlasov-Maxwell SIC code. 2D next. 












