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Perturbed Orbit Theory and Numerical Simulations of Parametric Hem::l.ng'l
by
J. DeGroot, J. Katz, J. Weinsetock, R. Faehl, and W. Kruer

Numerical simulations of the anomalous plasma heating caused by an

olectric field oscillating at the plasma f were di in

the last paper. W¥e are mainly interested in the case f‘ 1

(7: E. .“““..) for laser fuaion. It was shown that for this case
the alectron hecting results in the production of extensive supra-

tharmal taile. In thie paper, I shall show that the dominant part of
thils heating is dus to diffusion in velocity space.

(slide 1)
eratizn (trapping). This is shown in Slide 1, which is phase space

In these woak cases we notice very little coherent accel=-

for a waak case (’ =36, v, =) hat after ion. By ex-
anining phass spacs a3 a function of time it is clear that the motion
of the particles is diffusive. There is some trapping orbits at high
phnse velocity, but tha main heating proc is !
using the Dupree-Weinstock perturbed orbit theory to calculate the
heating.
(slide 2)
the motion of tast particles. in the 9lectric fields that exist in the

This suggests

To verify the diffusive heating process wo have followed

plasma after the instability has saturated. Wx store the electric
fields, then follow 100 test particles through these fields and calcu-
late snsemble avoragss of tha mean and mean square velority. These

100 particlas have the mame fnitizl velocity and their initial positions

*York performed under the zuspices of the U.S. Atowmic Energy Commission.
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are chosen randomly. A typical result for the time evolution of

[(v(t) ~ vo)zl is shown in slide 2, during a time shortly after the
wave energy has saturated, The time interval must be short enough so
that the plasma temperature is essentially stationary, but long enough
80 diffusion ls the correct picture of the motion. We see that £aV°P
follows a straight line, ie the motion is diffusive. We can define the
diffusion coefficient: D = M «

{8lide 3) The diffusion cneffi:ient derived in this way is shown in
slide 3. We see that D(v) is large over a large range in velocity.
Also, D{v) is small at low velocities since the linearly unstable waves
have very high-phase velocities. One result from this slide is that
above about 2‘7_*" ; D is linear with v until about 5v+ o ' ie D = alv).
{slide 4)
calculate the diffusion coefficient directly from the Dupree-Weinstock

Since we calculate BA‘“, in the simulation code, we can

perturbed orbit theory. The equation for D (v) is shown in slide 4.
This is a
{slide 5) To use this theory we need the lE.q‘"for pach mode. A typical
short wave' ength mode ( LM:.'!\ ) is shown. We see that the width of
the mode is very wide so that we have (h-‘e t& s} + vwhere Wy is the

non lingar equation for Dilv).

bounce freguency-: ’;‘ is the correlation tima of the electric field.
Thus, perturbed orhit theory should be applicable.

{slide 6) The ( Eﬁ") for a very long wave length mode ( Q\% = ,06)
is chown in slide 6. Here the width is only 2g=.l and thuslig ?sel
Thus these long ulau)urﬂ\ modes can trup some particles. However most
of the heating occurs at lower velocities whaere diffusion theory should

be applicable.
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iec field d over one plasma period is

The linserly unstable modes occur at long wavelengths.

(elide 7) 7he el
shown in slide 7.
¥We see that node coupling has produced a broad spsctrum of modes.
{slide 8) Using thess elactric fieldi. ve have solved the nonlinear
equation for D(v) and this is shown in Blide B. We sese guite a lot of
structure, part of which is dspendent on the time interval over which
ths (‘..“) was taken from. Thus wa should average over a longer
period to find b » this longer time scale is clcse
to the heating time so tha plasma conditions are changing.

{slide 9} Th3 diffusion equation was solved with the D(v) from slide
8. Ths rasulting s} ai 4 ion function is shown in slide ¥ at
a tioe of ‘t%‘ {etBconpared with the spacially 4 distributi
from the simulation. We see that cver the range 2Vp, SV £ oV,
the curves are i very good agrssment. The heating rate from the
aiftusion solution within 10% of the simulations result.
two clear discrepencies in the comparison:

(1} Diffusicn theory predicts too much diffusion at low velocities,
{2)02fusion theory predicts too little dAiffusion at high vel-

DV .

There are

and
ocities.

1y, Jeff Thomg has shown thiat the D{V) we gave above
is not correct because in the erivation we neglected the driving
field. He finds that when the driving field is included thers should
ba less diffusion at low vslocities and more at high velocities and

Ws are now performing calculations with

Jittle change in batwesn.
this Dlv).
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