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Numerical calculation of ion orbits in the GAMMA10 A-divertor magnetic configuration was carried out. By incor-
porating Monte Carlo code into the orbit calculation, the effects of Coulomb collision were taken into account. Under
anisotropic electrostatic potential, the neoclassical diffusion of ions was enhanced.

1 Introduction
Plasma Research Center, University of Tsukuba is

now planning replacement of west anchor cell in the
GAMMA10 tandem mirror with an axisymmetric di-
vertor configuration shown in Figure 1. One of the
purpose of this plan is the simulation experiment of a
divertor in large torus devices, utilizing some existing
heating systems. Core plasma with high temperature
and density is artificially evacuated to dipole region,
where a divertor plate is installed. The electrostatic
fluctuation is considered as a way of artificial exhaust
and in our investigation we seek anisotropic electro-
static potential which cause efficient evacuation, cal-
culating ion trajectories under the potential. The par-
ticle orbit calculation code was to include the effects
of Coulomb collision and ions diffused radially under
anisotropic electrostatic potential.
Calculation meshes coincide with magnetic surface co-
ordinates and the magnetic field is stored on the mesh
points. We calculate the following drift equations us-
ing the predictor-corrector method and tracked a guid-
ing center.
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Here∇ζ = ∇ψ×∇θ = B and∇ψ ·∇ζ = ∇θ ·∇ζ =

0 are satisfied in the coordinates.ǫ andµ mean to-
tal energy and the magnetic moment of a test particle
respectively and the other notations are conventional.

∇ψ · ∇ζ = ∇θ · ∇ζ = 0 under the assumption of ax-
isymmetric magnetic field and the normal component
of magnetic field line curvature is obtained from the
relation
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where,∂/∂l is the derivation along a magnetic field
line.
Before introducing Coulomb collisional effects, the
verification of the Monte Carlo code was done. The
linearized Fokker-Planck equation is used on this code
and change in velocity due to collisions satisfies the
following three equations.
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Fig. 1: GAMMA10 A-divertor

Hereu‖ andu⊥ mean respectively parallel and per-
pendicular components of a velocity vector before col-
lisions. particle velocities after Coulomb collisions is
assumed to follow a normal distribution andµ‖, σ

2

⊥

and σ2‖ are its mean and variances (two directions)
respectively. Change in velocity is probabilistically
calculated by normal random numbers. When parti-
cle trajectories are traced, velocity changes calculated
by the Monte Carlo method should be added to parti-
cle velocities determined in the orbit calculation code,
which includes the effects of Coulomb collisions ef-
fectively.

2 Calculation Results
As the verification of the Monte Carlo code, a large

number of ions with initial energy 1keV collided with
field electrons with temperatureTe = 100eV and den-
sity n = 1012/cm3, excluding field ions. The time
evolution of the ensemble average ofu,∆u2⊥ and∆u2‖
is respectively plotted in the figure 2(a), (b) and (c).
The straight line in three figures corresponds to the
theoretical value of slowing down and the pitch an-
gle scattering which ions with 1keV receive from this
field. It was found that calculation results satisfied
equations (1), (2) and (3) because both lines accorded
in the linear region of each figures. In addition, fig-
ure 2(d) shows that bothT‖ andT⊥ was relaxed to the
field temperature.
Then, the Monte Carlo code was embedded in the par-
ticle trajectory calculation code and ions were traced.
Figure 3(a) represents a two-dimensional distribution
of non-axisymmetric electrostatic potential model, that
is, the axisymmetric component ofφ = 1000V on the
z-axis with its perturbation of the mode number m =
3. Here, the model potential is assumed to be con-
stant along a magnetic field line. The orbits of ions
were calculated including Coulomb collisional effects
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Fig. 2: Time evolution of particle velocity and temperature
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Fig. 3: Electrostatic potential and Poincare map

under this non-axisymmetric potential. Figure 3(b) is
the Poincare map of the median plane of A-divertor.
Ti = 1keV!Te = 10eV andn = 1012/cm3 were
assumed in the calculation and some of Maxwellian
particles with initial mean energy 450eV were plot-
ted in the map. Because ions are deeply trapped in
the axisymmetric magnetic divertor, there is no radial
diffusion under axisymmetric electrostatic potential,
while they diffused radially under non-axisymmetric
one. This result represents that total energyǫ and the
magnetic momentµ of test particles were updated by
collisions and that the particle trajectory at the me-
dian plane of A-div changed from transit orbit which
doesn’t excurse the initial magnetic surface to banana
orbit with a large radial deviation, diffusing radially
there.

3 Conclusion
We practiced the verification of Monte Carlo code

and it was validated to include Coulomb collision ef-
fects in the enough accuracy. The radial diffusion of
ions due to Coulomb collision arised in the anisotropic
potential.


