
Coarse graining phase space in collisionless 
gyrokinetic turbulence simulations

Scott Parker and Yang Chen

Center for Integrated Plasma Studies (CIPS)
University of Colorado, Boulder



Main References

"Particle continuum method:  algorithmic unification of particle 
and continuum methods",  S. Vadlamani, S. Parker, Y. Chen, C. Kim,
Comput. Phys. Comm. 164 209 (2004)

"Coarse-graining phase space in delta-f particle-in cell simulations",
Y. Chen and S. Parker, Phys. Plasmas 14, 082301 (2007)

"Coarse-graining the electron distribution in turbulence simulation 
of tokalamk plasmas", Y. Chen, S. Parker, G. Rewoldt, 
S. Ku, G. Park, C. Cheng Phys. Plasmas 15, 055905 (2008)



Outline

* Growing weight problem
	 - DKE shear-less slab ITG model
	 - "Entropy balance" equation
 	 - Growing weight problem

* Particle continuum method
	 - Algorithm
	 - Results 

* 5D coarse graining procedure
	 - Algorithm
	 - Results show solution to the growing weight problem
	 - Dissipation or effective collisionality

*  5D toroidal electromagnetic toroidal results
	 - GEM code
	 - Results using coarse-graining for electrons









0

0.0434

0 24,400time (tWi)

<(df/f)2>(t)

"The Growing Weight Problem"

Flux balances dissipation.  If you have no dissipation, then df2 has to grow.

Simpy multiply the Vlasov eq. by f and integrate over (x,v).

This is real physics, and it is  what df PIC simulations see!

See: Krommes and Hu (1994) and refs. therein

"The Problem" is that if the particle
weights get too be large there can be a 
noise problem.

BUT 
	 1) easily tested for by particle # 
	 convergence

	 2) stationary state reached long before
	 weights become large





Particle-Continuum Methods 
	 (really a class of a variety of methods)

Load particles on a uniform lattice (x, v)

Every M timesteps 
	
	 deposit df on the phase space grid (grid points are the lattice points)
	
	 reset particle (x,v) to initial value
	
	 set particle df to grid point value

See:  Vladlamani, et al.  Comput. Phys. Comm. (2004) and 
Refs. therein.



Results from:  Vladlamani, et al.  Comput. Phys. Comm. (2004)  
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2D bounded slab ITG mode test problem

Particle-Continuum method coarse-grains and  df2 saturates

Physically, this is what collisions would do on a very fine velocity dissipation scale



number of velocity space grid cells

Particle limit converges quicker

(v-space grid cells = # of particles/cell)





Entropy Paradox

• The particle weight equation (κ ∝ ∇f0, ε̇ = d
dt
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Entropy Paradox: In a stationary state with nonzero transport, the average particle weights

will keep increasing.



Cyclone Base Case, with Adiabatic Electrons

Discrete particle noise ∝ w√
N

—“The Growing Weight Problem”
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Coarse-Graining Procedure
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V

• Divide phase-space into 5D grids.
Construct δf and marker distribution
g on the grids

• Set the new particle weight to

w′(p) = δf(p)/g(p)

evaluated at the particle location us-
ing interpolation.

• To smooth in time, reset every Ns steps, and reset only a small fraction

wnew(p) = (1 − δ) wold + δw′(p)

• Can conserve number and energy by slightly adjusting weights



Coarse graining solves growing weight problem for Cyclone base case

d = 0.0 d = 0.05d = 0.05 d = 0.1d = 0.1



ρ2(ky, zk) =
〈| δn(x, ky, zk) |2

〉
x
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.
Coarse Graining Preserves True Collisional Effects

• Γp < 0 (particle pinch) observed in collisionless ITG simulations.

– Due to passing electrons interacting with the long tail of the modes along
B (Hallatschek and Dorland PRL 95, 055002 (2005)).

• Pinch is sensitive to e-i collisions.

• Ratio of quasi-linear fluxes

Γp

Γi
=

particle flux

ion heat flux



Coarse-Graining Reduces Weights And Preserves
Pinch

Parameters based on the Cyclone Base Case.



Core Simulation with Coarse-Graining Electrons

From TRANSP

• The density and temperature profiles for each of the four plasma species,
background deuterium, carbon impurity, hot beam deuterium, and electrons

• Radial profiles of the parallel flow velocities for each of the ion species

From NCLASS

• Radial profile of the equilibrium electrostatic potential is calculated from
radial force balance

From JSOLVER

• Radial profiles of ellipticity, triangularity, major radius, and q





Coupled GEM-XGC Edge Simulation

XGC

• Particle-in-Cell code for studying edge transport developed
at CPES (PI: C-S Chang)

• Neoclassical and turbulent transport in one integrated code

• Realistic magnetic geometry containing X-point

Coupling with GEM

• Only profiles inside separatrix used

• Ti(r), Te(r), n(r), Er(r), q(r), κ(r), δ(r) and R0(r)

• Fixed boundary condition in GEM, T and n profiles mod-
ified near simulation boundaries.



Profiles from XGC (DIII-D #096333 taken at 3337ms).



For GEM simulation T (r), n(r) flattened near boundaries



• Diffusivities obtained with averaged Γ and
∇T , ∇n at r/a = 0.96

• Significant profile relaxation in EM simula-
tion

• Magnetic perturbation strongly enhances the
instabilities, even with β ∼ 0.001



• δB destabilizing for n ∼ 10 (kθρi ≤ 0.2), stabilizing for n > 30

– high-n likely to be electron drift waves (Lang, Chen and Parker,
Phys. Plasmas 14, 082315 (2007))

• Test with flattened profiles shows ∇n drive most important, ∇Ti

effect is small.

• low-n EM and ES modes appear to be the same branch



Summary

Growing weight problem is solved using new coarse 
graining procedure

Numerical dissipation can be quantified

Coarse graining is especially useful for electromagnetic 
turbulence with kinetic electrons




