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SectLon 7
PLASMA THEORY

A. DR I FT CYCLOTRON INSTABILITY

J. K. Lee

We use the dispersion equation solver , ROOTS 1
, to o b t a i n  the

results of the linear theory (growth rates , etc.) as a guideline of and

a comparison with future simulations of density-gradient-induced instab-

i l i t ies , name ly , drif t cyclotron (DC), drif t cyclotron loss cone (DCLC),

or l ower hybrid drif t (LHD) instabilities.

For the drift cylciotron instability , ROOTS w it h the loca l
approxima tion prov i des a dispersion diagram virtual ly i dentica l to Fig. I

of nary and Sanderson ’s loca l Vlasov theory .
2 

In addi tion to this ,

ROOTS prov ides nonloca l solutions , which w i l l  be useful in most simulations

wi th steep dens i ty gradients. Some details will appear in the next QPR.

We found the ROOTS results in the linea r local dispersion

solutions to agree with Cohen e,t aA~.
3 ROOTS p redic ts the l i n ear

margina l stability at L /p. =5.0 for m./m =100 u 1w = 1 (where
I d  n I I e ‘ pe ce

n(x) is the guiding center density , p. is the ion gyroradius ,

• ~ and w are the plasma and cyclotron frequencies of electrons).
pe cc

Detailed dispersion diagrams for a choice of future simula-

tion parameters will be given in the next QPR.

1M. J. Gerver , “ROOTS, A Dispersion Equation Solver”, UCE/ERL Memorandum
No. M77/27 (Oct. 31, 1976) .
2~. P. Gary and J. J. Sanderson, “Density Gradient Drift Instabilities:
Oblique Propagation at Zero Beta”, Phys. Fluids 21 , pp. 1181—1187 (July, 1978).

~B. I. Cohen, N. Maron and T.  D. Rognlien , “A Local Theory of Nonlinear Ion
Dynamics in a Drift—Cyclotron Mode”, 0A5, Fusion Theory Conference (1973).
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B. PL.ASMAS WITH FIELD REVERSAL .*

Douglas Harned

(1 )  MAGNETiC RECONNECTION

The problems of magnetic reconnection have been examined to see

if an analogy care be made between the bow shock and the x-points in a field-

reversed mirro r configuration . The situations appear to be considerab l y

d i f f e r e n t because of the requi rement fo r par t i c l e  f l o w across magneti c
f i e l d  l i n e s  in the reconnec t ion . 1 Wh i l e the solar  w in d provides such a

flow in the magne tosphere , the relatively low particle density in the regions

surround i ng the x—points in the field-reversed mirro r suggest that reconnec-

tion will not occur at a significant rate . There is the possibility, however ,

tha t i n a fus ion  p las ma , alpha particles could provide a significant source

fo r the reconnec t ion p rocess.
Add it io na l l y, some facility was deve l oped with the particle

trajectory code TIBRO—X .
2 I t would be possible with this code to investi-

ga te s ing le  par ti cle behavior in  s imp le reconnec t ion schemes by replacin g

the gravitationa l force with an electric one. New models similar to the

curren t sheet mode ls of Speiser 3 could be exami ned. 
-

( 2 )  .STA6ILITY OF REVERS E V-FIELV CONFIGURATIONS

An i nves ti ga t ion has been star ted to analyze  the sta b i l i ty of
infinite l ayer (infinite in z) reversed—field configurations to modes

havi ng k —0. One motivation for this study has been tht recent results
Z 4 5of simula tions at Livermore and Cornell showing the instability of such

*This section was in Section II: Simulation in the past QPR, but should haic
• been in Section I: Theory.

‘Vasyliunas, V. M.,”Theoretical Models of Magnetic Field Line Merging, 1”, Rev, of
Geophysics and Space Physics 13, 303—336 (1975).
2J.D. Hansen and R. S. Devoto, “TIBRO—X: A Code to Compute Trajectories of
Charged Particles in Magnetic Fields”, IJCRL—52189 (1976).
3Speiser , T. W., “Particle Trajectories in a Model Current Sheet, Based on
the Open Model of the Magnetosphere, with Applications to Auroral Particles”,
J. of Geophysical Research 70, 1717—1728 (1965).

kByers, J. A., private coumiunication (1978).
5Frieciman, A., private couununication (1978).

— 3 —
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a cylinder. We are beg inn i ng by analyzing a slab of plasma containing a thin

beam (the limit of an Infinite rad i us cylinder). Hopefully this will provide

I nsig ht In to the stability of such configurations and may help determine

whether the ins tabilities seen elsewhere are rea l or numerica l in nature .

Sec.-tLon II
SIMULATION

A. QUASILINEAR SIMULAT ION OF A MIRROR MACHINE

Dr. V. Matsuda wi th  Dr. H. L. Berk (LLL)

A report is in preparation t i t led “Quasi linea r Simulation of
-

~~~~~~~

- the Dri f t -Cyc lotron Loss Cone Instabi l i ty”.

B. SELF—HEATING OF A Id THERMAL PLASMA

A. Pei ravi

This project was comp leted this past quarter. The results

we re reported at Monterey (See Section v) and an ERL Report is completed ,

to be mailed soon.
Dr. Hirotada Abe (Dept. of Electronics , Kyoto Un ivers ity) has

kindly called our attention to his work 1 dea ling wi th  the same subject .

We recommend this work to our readers .

C. ONE DIM ENS IONAL ES 1 CO DE FOR SHEATHS

Yu—J iuan Chen (Prof . C. K. Birdsal l)

No special work to report this quarter.

D. PARTICLE TRAJECTORIES IN A CUSP FIELD

Yu—J luan Chen (Prof. C. K. B i rdsall)

,.,., I. i•. S ~~~~~ I I ~~~~~ l~~~I

~l-$. Abe, J. Mlyamoto and R. Itatan i , “Grid Effects on the Plasma Simulation
by the Finite-Sized Part icle”, J. Comput. Phys . 19, pp. 134- 11.9 (Oct., 1975)
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Section lii

CODE DEVELOPMENT AND MAINTENANCE

A. ES1 CODE

Dr. W. M. Fawley

( 1) Ado~pt.at~on~6 o~ ES 1 -to Us e. Pv4t-P~’toce44o~t “ZEV”

We have decided to adapt the much-used l~ d e lectrostatic

code ESI to produce time history f i l es tha t can be read and man i pu la ted

by the post-processor program ZED. ZED is normall y used with the outpl:t

of the 2~d code ZOHAR and permits the user to investigate plasma simu-

lation time histories of quant i t ies such as electr ic potential and poten-

t ial part icle moments through means such as Fourier analysis and cross-

corre lation. It is necessary to change ES1 to run under the CHATR comp i ler.

I n the next QPR, we plan to give extens i ve details concerning these changes.

(2) A. B. Langdon has changed the l oader for B~~O. Consult ESIREP

in ES1LIB.

B. EM1 CODE

Dr. W. M. Faw ley

ZED w i l l  also be set up for EMI in the near future .

C. ELECTROSTATIC 2~d COD E DEV ELOPMENT (EZOHAR)

W . M. Nevins , Dr. V.  Matsuda

This work is nearly complete , as reported at Monterey (se~
Sect ion ‘1) and is being prepared for publication , wi th the t i t le  “A New

Par t i c l e  S imu la t ion Mode l for a Bounded Plasma ”, by Nevins and Matsuda .

An initial application of the code will be given in a paper

titled “Simulation of the Drift Cyclotron Instability ” by Matsuda , in

prepa ration.

— 5 —
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D. ES1 + EFL CODE

J. K. Lee (Prof . C. K. Birdsa l l)

A paper t i t led “Part icle-Fluid Hybrid Codes Applied to Beam-

Plasma , Ring-Plasma Instabi l i ties ” was presented at Monterey (see Section
V). The abstract is as follows :

PAR TICLE -FLU1P fIYBRIP COVES APPL IEP TO BEAM-PLA.SMA, RZNr7 -PL&SMA IN S TAST L IT1 ~~
J. K. Lee and C. K. 8 idi~atL
Electronics Research Laboratory
University of California , Berke ley ~~ 94720
When a beam-plasma type instability is simulated using a part i cle

code, the plasma part (which is usuall y 100 to 1 000 time s denser than the
beam part ) require s a lot of simulation p~irtici es ; otherwise the noise from

• the p lasma is hi gh enough to obscure the instab i l i t y  it se lf . One example of
this crucial effect can be observed irs the simulation of the so-called velo-
city-space ring-p lasma (flute-like) inst ability, wh i ch arises due to the
in teractions of energetic beam ions (a ring in ve l oci ty-space) with cooler
Maxwe l l ian plasma ions , carr ied out through a particle code by C. K. B i rdsal l
et a l. 1 Upon t he suggest ion of A. B. Lang dori , we constructed a hybrid code
(the idea i tsel f  is by no means new) using a par t ic le  code (ES] by A. B.
Langdon) for the simulat ion of beam par t i c les  and a f lu id  equations for the
repre sentation of the plasma co’nponent. One simple examp le of a f lu id  ~S

an E u l e r i a n f l u i d , linearized (EFI). The linearization is to be monitored
bu t generally It is justifiable since the plasma component stays linea r in
many beam-plasma type inte ractions. Another possible fluid would be a non-
linear Lagrangia n fluid (LAF) suggested by W. M. Nevins . These two f l ui d
scheme s w i l l  be discussed toge ther w it h successf u l app l i c a t ions of a hybr i d
code combinin g ESI and EFL (two versions: electrostatic and electromagnetic)
to the s tudy of linea r and nonline ar evolution of the above ring-plasma
ins tability. The use of a hybrid for a beam-plasma type instab ility has
mer its of elim inating the plasma particles as well as the no i se from them.
For computin g time on a CDC 7600 (LLL MFECC “A” mach i ne) the hybrid (ES1 +

EFL) takes about 0.14 sec per time step (:16 usec per time step per partic le)
and this could be furthe r imp roved throug h optimization.

I .  STRU CTURE OF H Y B R I D  CODES

The electrostatic hybrid (ESI + EFL) cons is ts  of ES1 for the
beam and EFL for the p lasma. For EFI . the linearized two-fluid
equations in finite-dif ference form is:

n+½ ~~~~ fl+ L~, +V
j+ ½

_ 
~~ q / v~+~ Vj+~

- •  

= 
~~ + 

2 
x B0
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The leap-frog scheme is time and space centered as in  F i g . 1(a). The
electromagne tic hybrid code (EM 1 +EFL) is constructed by combining
EMI (relativisti c and nonr eI at iv is ti~— electromagnetic p a rticle code2)
with the properl y modified electroma gnetic version of EFL , whose leap-fro g
schem e shown in Fi g. 1 (b) is sins i lar to the electrostatic EFL [Fi g. I (a) I
except for some additiona l quantit i e~ kept.
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.1  
~~~~~ ç” a

Fi g. 1 (a) Fig. 1 (b)

II. APPLICAT ION OF A HYBRID CODE

The use of ES1 + EFL in simulation of an unmagnet ized beam-pla ’tna
instabili ty yields re sul ts (line a r a~ d noulinear) alsT1 o’~t identic a l with
a part. i c I e code. A no rt~ i nipo r tan 1 a~.p I i caL ion of th i S L( )dt’ i S to t he
above ring-pla sma instability. Simu lations usin g a hybrid code (marked x
in Fi g. 2) provid e remarkable verifi c ation of the linear Vlasov theory (con-
tinuOuS curves in Fi g. 2) especial l y when compared to particle code results
(Ref . 1 , marked 0 in Fig. 2). Th i. exc~- lle nt agreement extends to a
w1dt~ range of plasma parameters whefter electrostatic or electromagnetic.

Hybrid simul atio n s also provide extensive information about non-
linear evolution of this i n s t a b i l i t y  such as beam spreading, average slowing
down , and satur at ion I evt~l . w h ich  aq’~ e nice l y with souse ~n atytic explana-
t ~OflS.

— 7 -
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I I I .  LIMITS ON THE LINEARITY OF THE FLUID PLASMA

The linearity assumption is good as long as the perturbed plasma
ve locities (vi ) renain small compared to t~ie wave phase ve loc ity (~ /k).
Fi g. 3 shows that this c r i t o r io n  is s,~t i s f ~~cd in many ca’es except for strong
beam cases (e.g. , R 

~beasss ’~ plasm a 0.1 to I) near s~ turat ion times. In
order to follow the no n linearity of the fl u id plasma , chang ing to the
Lagrang ian f l u i d  (LAF) model w i l l  be ~iscu-.seni . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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:; ~~~~~~~~~~~~~~~~ ~~i J
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~~~~~~~~~~~ 

~~~~~~~~~~~~~ 
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—- 
30 - -~~~~~~ 5 10 I~ 20 25 30 (H: 10 1

Fig. 2 Fi g . 3

1C. K. B irdsa ll , M. j. Gerver and N. Maron , Bull. Am Phys. Soc. 21 ,
p. I1 L J8 , 1976.
2A . B. Langdon , Ph.D. Th es i s , Prince ton Un ivers ity (1970); 8. I. Cohen ,
M. A. Mostrom , D. R.  N i cho l s on , A. N . Kautman and C. E. Max , Ph ys .  Fluid s

18 , ~70, 1975.

A paper w i l l  be prepared and submitted to the Jou rna l of

Computat ional Physics next quarter , which w i l l  consis t of the de ta i led

code algor i thm with two major applications , name ly  to the magnet ized
ring-plasma ins tab i l i t y  and to the unmagnetized beam-p lasma instability

[special ly the off-peak saturation effects presented in the QPR II

(July, 1977) , pp. 5- 14) ] .

- 8 -



E. l- ~d PARTICLE -FLUID HYBRID MODEL FOR THE DRIFT—WAVE INSTABILITIES

Yu-Jiuan Chen

A si mulation method is proposed for the study of the l ower-

hy brid-drift i nstability and the mi rror—drift-cone instability in the

sheath region. For simplicity , it is assumed tha t T - o T ., and the
f in i te plasma beta effects (electromagnetic effects and V B electron

orb it modification) are negli g i b l e .  Moreover , primary emphasis is

p laced on h i gh-frequency perturbations characterized by

~ 
1W r 

+ 

~~ ce’
~ci~~ 

‘
~ h <<“ce ‘ 

( 1)

a~~ ~~~ k~ � a 2 and a2 K L 2 (2)

where w =  ~e I B /m c is the gyrofrequency , a =  (2T /m
s
u
c~

)2 is the

local Larmo r rad iu s , and L 1 ~~~~~ In is the density scale length.ay y0
The ref ore , we can employ the loca l approx i mation in the density gradient

direc tion and treat electrons as a strongly magnetized fluid and ions

as unmagnetized particles .

I n genera l , the initial plasma configuration is illustrated

in the slab geometry as shown in Fig. 1. We consider oerturbations

l ocalized about y=y , and the loca l equilibrium magnetic field prima r-

ily in the z—direction with

y - y
= + ~~B(y ) L

i n the v i c i n i ty of y=y 0, where L E (aB~/ay) I /B (y ) is the length

scale cha racterizing the magne t i c  shea r . The elect ron dr i f t across the
magnetic field B0~ 

wi th the mean fluid veloc i ty

V V +V , (4)
Xe E de

where vE~~
cE IB is the ~. x B drift vel ocity , v

d 
(T
e

/m
e
wce)4~~

n ( nT
e)I y

is theelectron diamagneticdrift ve l ocity, and n(y)=n (y) ~ n.(y) is the

- 9 -
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dens ity . For the electron f luid dr i f t ing through a stationa ry ion back-

ground , the electron ~~~ drift motion and the i nhomogeneities in n ,

B , and I provide the free energy to drive instabilities.

As L - ~~, I.e., no magnet ic shea r , a l+d elec trostatic particle

fl uid model (ESI + FLUID) can be used to simulate these two kinds of

i n s t a b i l i t ies in  E x B d i rec t ion , i.e., x di rec t ion , instead of 2~d

par ti cle s imu l a t ion . 1 
A 4d magnetized electron fluid drifts with

veloc i ty v through a local Maxwe llian ld ion background for the

l ower—hybrid—drift instability , or loss cone id ions for the mirror—

drif t—cone instability . The electron ~~~ drift and the inhomogeneities

are taken care through the drift vel oci ty v . Since the re is no boun-
Xe

da ry effec t in  the x d i r ect ion fo r the s lab  geometry , the periodic boun-

da ry cond it ion usually used in ESI code is appropriate for this case

(shown in Fig. 2). If the magnetic shear is cons i dered , this model can

be general i zed to 2~d (x, y, v , v , and vi).

n ( y )
EO

~~~~~~~~~~~~

ê

~

B0(y0
)+

~~

B(y ) 

~: 
= v

E
+V d

Fig. I Slab Geometry and Coordinate System

1D. Winske and P. C. Liewer, “Particle Simulation Studies of the Lower
Hybrid Drift Instability”, Phys. Fluids 21(6), pp. 1017—1025 (1978).

- 10 -
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e f luid , V
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= v
E
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0 t ion particl es t L
p e r i o d i c  bound ar ies

F i g. 2 l~ d Par ticle-Fluid Hyb r i d  Mod e l

F. RJET , NW li/ok
Dr. W. M. Faw ley

Wi th the exception of the Versatec controller uni t described

below , all necessary hardwa re has been installed in the UCB remote user
system. The PDP 11/04 has been moved and secured into place away from
the terminal rooms ll9ME and 1J9MD where its fan noise would have inte r-

fered wi th mental concentration . The DZ-llA multiplexe r has been instal-

led and the 8 terminal lines run to the proper rooms.

In  orde r to run our Versa tec electrosta t ic pr i n ter off the
PDP 11/04 direct ly,  it was necessary to order in mid-June a PDP Il/DMA

controller Model #121 from Versatec . Funds for this acquisition were

reques ted from DOE in April and rece i ved in June 1978. An extra long

60’ cab le was also ordered to run from the PDP 11/04 to the Versatec unit.
Del ive ry is expected by la te August.

The softwa re necessary to run the PDP 11/04 as a termina l con-

centrator still has not been delivered from Live rmore. The prima ry diffi-

culty appears to be the DEC ’s DMC 11 ne twork l i n k s  not working acco rd ing

to specification . Consultation between LLL and DEC is in progress; until

the sof twa re ar r i ves , the UCB POP 11/04 must sit idle.

— 11 — 
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We have i nitia ted efforts to obtain an LBL extension phone

so that we may use their tie-line to ILL. When the UC system tie-line

to ILL disappeared in February , our phone b i l l  shot up to >$I000/month.

An 101 extension w i l l  cost ~$2O/mo nth and permit constan t use of the

ILL computer. We have recei ved authorization from DOE/San Francisco

for the extension and hope to obtain it by mid-August.

Se~e_t.Lon II ,
PLASMA SIMULATION TEXT

Revis ions  of Par t I have been made , to be completed in Sep-

tember. Part II revisions are progressing well.

Sec..t.Lon V

SUMMARY OF REPORT S , TALKS AND PUBLICATONS
IN THE PAST QUARTER

Four papers were presented at the Ugh.th Con~e n ~~ on~Jwne..’z~caL
SA u.ea.tLovt o~ PLa~ma.6 at Mon terey , June 28 - 30 (the P/toeee.d.ôtg4 pub lished
up to four page abstracts), as follows :

(I) J. K. Lee and C. K. Birdsall , “Part ic le-Fluid Hybr id
Codes Applied to Beam-Plasma , Ring-Plasma Ins tab i l i t ies”.

(2) A. Peiravi and C. K. Birdsall , “Self-Heating of id
Therma l Plasmas: Comparison of Weight ings; Optima l Parameter
Cho i ces”.

(3) W. M. Nevins , “Diagnostics — The Bus i ness End of
a Plasma S imula t ion Code”.

(4) Y. Matsuda , W. M. Hevins and M. Gerve r , “A New Part ic le
S imulation Model for a Bounded Plasma ”.

Prof. C. K. Birdsal l chaired one of the six ora l sessions .
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