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System

Domain: plasma between two targets

Sources: ionization, charge exchange (CX), neutrals recycled with Knudsen 
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Neutrals: Similar approach using vector velocity
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Constraints

The last operation in a timestep is to ensure the updated distribution function 

satisfies the low-order moment constraints.

For 1D1V cases the latest distribution function 𝐹𝑠 is used to construct the 

updated normalized, marginalised distribution function ෩𝐹𝑠 such that

f ෩𝐹𝑠 = 𝐴0
𝐹𝑠 + 𝐴1𝑤𝑠∥

𝐹𝑠 + 𝐴2𝑤𝑠∥
2 𝐹𝑠 

𝐶𝑛, 𝐼𝑛 = 𝜋−1/2 න 𝑑𝑤𝑠∥ 𝑤𝑠∥
𝑛 ෩𝐹𝑠, 𝐹𝑠

Benchmarking

In a straight magnetic field we demonstrate the following benchmarks

Code [1] solves:

- full-f drift kinetic equation, see [2] for numerical scheme

- moment-kinetic approach extracting 𝑛𝑠 or 𝑛𝑠, 𝑢𝑠∥ or full set 𝑛𝑠, 𝑢𝑠∥, 𝑝𝑠∥  of 

moment equations with normalised kinetic equation

Neutral coupling

1D periodic box, plasma and neutrals coupled by charge exchange

Background Maxwellian for plasma and neutrals, with same temperature

Drift kinetic equation can be solved for linear modes

 𝑓𝑠 𝑧, 𝑣∥, 𝑣⊥, 𝑡 = 𝑓𝑀𝑠 𝑣∥, 𝑣⊥ + 𝑓𝑠1 𝑣∥, 𝑣⊥ exp 𝑖𝑘∥𝑧 − 𝑖𝜔𝑡 + c. c.

Two types: damped acoustic modes; non-propagating modes with 𝜔 = 0

All moment kinetic variants agree well with full-f and analytic solutions

(Above) varying ion/neutral density

ratio, (right) varying ion temperature

relative to electron temperature

Evaluated plasma dispersion

functions in analytic solutions with [3]

1D Scrape-off Layer

SOL-like benchmark - “attached” conditions

Maxwellian source of plasma at midplane 𝑇source = 200 eV

Ions absorbed at targets

Neutral atoms from recycling 50% of ion flux to wall, with 𝑇wall = 10eV

Krook collision operator for ions mixes hot and cold populations

All approaches match: moments (above) and distribution functions (below)
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Overview

• Plasma fluctuations in the edge of diverted tokamaks have large amplitude 

and evolve through regions of strongly varying parameters

• We demonstrate implementation of a consistent coupled set of evolution 

equations for the low-order moments of plasma ions and neutrals, closed 

by the kinetic evolution of the full-f 'shape' function

• Electrons are taken here to be adiabatic

• This represents the first step in a system to consistently follow edge 

evolution on the transport timescale 
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