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Situations Where Fokker-Planck Modeling is Indicated

� Due to variation of the Coulomb collision frequency (/ v�3),
nonthermal features are generally observed in the tails of the
electron or ion distibutions.

� RF electron CD eÆciency is proportional to v2phase=ne for
vphase > vTe

=) Pushes experiments towards high phase velocity, low
density

=) For ECCD, substantial tail formation occurs if
pEC(W=cm3) > 0:5(n2

13
=(vphase=2vTe)

2:
Nonthermal e�ect on CD for n13 < 3-4,
tail diagnostic e�ects to larger density.

=) For LH, tail formation is a ubiquitous feature of high
power experiments.

� Pellet injection leads to large induced toroidal electric �elds
providing prompt runaways and knock on avalanche.

� LH enhanced knock-on runaway production may be a feature
in LHCD experiments (V.S. Chan, 1999).

� Radial transport leads to nonthermal tail, when �slowing >
�transport. This was observed on ALC-A. Its possible e�ects
on global transport depend on the velocity dependence of the
transport coeÆcients. In any case, a radial di�usion operator
in a FP code provides a natural way to treat the coupling
between particle, momentum and energy transport.

� Bootstrap current can be enhanced by elevated tail distribu-
tions (due to RF and NBI) and modi�ed by RF scattering
(LH).

� There are important nonthermal e�ects in edge divertor plasma
which are properly treated by Fokker-Planck codes but will not
be covered here.

























Fig. 2.  Birth points for fast ions calculated with the FREYA neutral beam
            deposition code.  Beam injection energy is 80 keV, with 70% H+,

            n(0)=1.e14/cm**3, T(0)=1 keV.
            20 % H2+, and 10 % H3+ ions from the source.  The plasma has
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Fig. 3.  Hydrogen ion distribution function at plasma radius r/a=0.6  Maximum
             energy on the grid is 500 keV, giving the velocity normalization v_norm.
             (a) Cuts of the ion distribution versus velocity, at constant pitch angles
             as indicated.    (b) Contour plot of the distribution, versus v_parallel
             and v_perpendicular.    This is for a case of 80 keV neutral beam 

(a)

(b)

             injection only.
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Fig. 4.  Contour plot of the v**2*D_vv quasilinear diffusion coefficient in v_parallel,
            v_perp -space.  This is at r/a=0.6.  Maximum velocity on the grid is as in 

            9th harmonic hydrogen ion absorption is dominant.

            Fig. 3.  Only five HHFW rays, shown in Fig. 1, have been used to form the diffusion
            coefficients, hence the graininess of the coefficient.  At this plasma radius, the
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Fig. 5.  Hydrogen ion distribution function at plasma radius r/a=0.6, resulting from
             a combination of HHFW and neutral beam injection.  Parameters are as
             in Fig. 3.  (a) Cuts of the ion distribution versus velocity, at constant pitch

             and v_perpendicular.  The HHFW has inflated the distribution in the 
              perpendicular velocity direction.

             angles, as indicated.  (b) Contour plot of the distribution, versus v_parallel











Code Development Plans

� Add Ampere-Faraday Maxwell equations to obtain the self-

consistent toroidal electric �eld as a function of radius and

time.

� Add ripple and banana losses.

Concluding Comments

� The Fokker-Planck approach in CQL3D has a broad range of

useful applications, particularly for high power current drive

situations in experimental AT plasmas.


