
N O T I C E 
This report w u prepued ai an account of work 
sponsored by the United States Government. Neither 
the United Stiti nor the United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for tlu accuracy, com
pleteness or usefulnen of any Information, apparatus, 
product or process disclosed, or represents that its use 
would not Infringe privately owned rights. 



TMa (• • preprint of a papar intended lor publication I D 
a journal or proceedlnia. Sine* chanaiti may be mad* 
before publication, thle preprint la mad* available with 
<h* underat ending that li will not be died or rrproductd 
without the perrntaeloB ot the author. 

UCKl - 74106 
PREPRINT 

&*//- ?j/f3x--ft 

m 
LAWRENCE LMERMORE LABORATORY 

University olCattamia/Uvermare,Ca£fomia 

EEBTUHBED OHBIT THEOKt AHD NUMERICAL SIMULATIONS 
OF PARAMETRIC BMIIKB 

J. DeGroot, J. Katz, J. Weinstock, R. Faehl, and ¥. Kruer 

October 25, 1972 

This Paper Was Preparr - ror Submission To 
1972 Annual Meeting of the i Lviglon of Plasma Physics 

of the American Physical Society 

DlSTRffiDTfON Of THIS BGCUMENT !S 1/HUM1TW 

Wl 



Paper to be given at the Division of Plasma physics Meeting, November 
13-16, 1972, at Monterey, California. 

Perturbed Orbit Theory and Numerical Simulations of Parametric Heating 
by 

J. OeGroot, J. Xatz, J. Weinatock, R. Faehl, and W. Kruer 

Numerical simulations of the anomalous plasma heating caused by an 
electric field oscillating at the plasma frequency were discussed in 
the last paper. He are mainly interested in the case jf & * 

e E.^vTnkTi""} t o t l a , e r fusion. It was shown that for this case 
the electron heating results in the production of extensive Bupra-
theruel tails. In this paper, I shall show that the dominant part of 
this heating is due to diffusion in velocity space. 
(slide 1) In these weak eases He notice very little coherent accel
eration (trapping). This is shown in Slide 1, which is phase space 
for a weak case If • .36, w Q - w ) somewhat after saturation. By ex
amining phase space aa a function of time it is clear that the motion 
of the particles is diffusive. There is some trapping orbits at high 
phase velocity, hut the main heating process is random. This suggests 
using the Dupree-weinstock perturbed orbit theory to calculate the 
heating. 
(slide 2} To verify the diffusive heating process we have followed 
the motion of test particles In the electric fields that exist in the 
plasma after the instability has saturated. Ha store the electric 
fields, then follow 100 test particles through these fields and calcu
late ensemble averages of the mean and mean square velocity. These 
100 perticlea have the same initial velocity and their initial positions 
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are chosen randomly. A typical r esu l t for the time evolution of 
2 

[(v(t) - v ) ] 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 plaBraa temperature is essentially stationaryr but long enough 
so diffusion is the correct picture of the motion. We see that •£&» } 
follows a straight line, ie the motion is diffusive. We can define the 
diffusion coefficient: D = (.Ay2? . 

t 
(slide 3) The diffusion coefficient 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] 1B small at low velocities since the linearly unstable waves 
have very high-phase velocities. One result from this slide is that 
above about 2v.r , D is linear with v until about 5v.\ « ie D = a(v). 
(slide 4) Since we calculate E ^ ̂  in the simulation code, we can 
calculate the diffusion coefficient directly from the Dupree-Weinstock 
perturbed orbit theory. The equation for D (v) is shown in slide 4. 
This is a non linear equation for D(v). 
(slide 5) To use this theory we need the jE^\Eor each mode. A typical 
short wave'ength mode ( JtcXtw"*"̂  ) i s shown. We see that the width of 
the node is very wide so that we have 0>*g fc <* 1 , where w b is the 
bounce frequency. £*. ±B the correlation time of the electric field. 
Thus, perturbed orbit theory should be applicable. 
(slide 6) The ( £fcW) for a very long wave length mode ( •*iL»Voto • •06) 
is shown in slide 6. Here the width is only i>£,-* I and thus Ui f t r ^ 1. 
Thus these longWaff/fwfb| modes can trap some particles. However most 
of the heating occurs at lower velocities where diffusion theory should 
be applicable. 
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(elide 7) Itia electric field averaged over one plasma period is 
ehown in alide 7* The linearly unatable modes occur at long wavelengths. 
We sea that •ode coupling haa produced a broad spectrum ot modes. 
(slide I) Using these electric fields, we have solved the nonlinear 
equation for D(v) and thla ia ahem in elide 8. He see quite a lot of 
structure, part of which is dependent on the tine interval over which 
tha ( t j was taken from. Thus we ahould average over a longer 
period to find better D(v). However, this longer tine scale is clcse 
to the heating tine ao tha plaasa conditions are changing, 
(alide 9) Ttv» diffusion equation was solved with the D(v) from slide 
8. The resulting eloetron distribution function is shown in slide Sf at 
a time of iWfL" lw6coR|>ared with the specially averaged distribution 
from the simulation. He see that over the range Z V ^ « V £ i ' ^ e 
the curves are i- vary good agreement. Ths heating rate from tha 
diffusion solution within lot of ths simulations result. There are 
two elear discrepancies in the comparieeni 

(1) Diffusion theory predicts too much diffusion at low velocities 
and (2) Diffusion theory predicts too little diffusion at high vel
ocities. 

Recently. Jaff Thompson has shown tStat the Dl v) we gave above 
la not correct because in the derivation we neglected the driving 
field. Re finds that when the driving field Is included there should 
be less diffusion at low velocities and more at high velocities and 
little change in between. He are now performing calculations with 
this D(v). 
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