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Exercise 3.3.1

Calculate the Debye length when plasma density and electron temperature
in a collisionless plasma are 10'® m~3 and 3 eV, respectively.

g 1% kT[eV]\ "
TS e ~ 7.43 x 10° x i [m]. (3.4)
ne? n[m-—3]
That is,
3 3\ 4
Ap =743 x 10° x (W) =1.29 x 10~ [m].
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Exercise 3.4.1 BB/ RIZEHZRbcIEREBEEE AHREENSESRE (EFEE )

Discuss the pressure condition that the electron temperature T, is estimated
from the curve in region (II) in bc in Figure 3.3.

As a typical plasma we assume, 1, = 1015 m—=3, kT, = 3.0 eV. Then, the Debye
length is

kTe[eV])HZ _ 7.43 x 10° x /3 — 4.07 x 10~ [m]

A, = 7.43 % 10° x
‘ ( V10 x 107

e [m—3]
The mean speed of electrons is
(ve) = BkT,/mm)"* = 6.71 x 107 x \/kT. [eV] ~ 1.16 x 10° [ms™'].

The collision rate R is roughly approximated at 107 p[Pa s—'], and the flight
time of the electron in the static sheath in front of the probe is

A 4.07 x 1074 1 1
C x ~ 3.51 x 10719 & — (% ) .

(ve) 1.16 x 10° R 107 p
Therefore, the collisionless condition is obtained as
TohllE SRS
1 1
~ 2.85 x 10? [Pa].
P< 107 351 x 1010 < 107[Pal



FE R
o BHE-HITH B

O ZREEMIITAYNARY &Y

O i280Y , BF0EFT &
ZSREEUREEE .~ T,

dn,

dr’

Lo = e (Ve) = Nevge — D

1dn
v —D,—
. n dr’
dn D, + u.D
T, =n,{v,) =n,vs —D, ?”, EEEesss———) ], — 'U’PH; * i: iy
) ]
D, =Dy—. T: > T,

T P T
: Dy (1+ %)




7S
o HE-RIBHIE

O REFIE | RESE R

4

B EHEENFEEFRZEEFE—NEE—

—FEH = (DIERE FRIX 1)

B BFETEHE-SERN AR R

B JERASERHER | B FRE IR

oy

David Joseph Bohm (1917-1992)

SIBFIRANLIIFG -

SHEMTEHEPE ( BF89HI8
HiE>#HEERE )

HFREERER/REEDT , BFaE
90

HEEBFHE)A : n>n,
TEHEA : ni=n<ng
EEAAX : n=n.=n,
FEFRESTEERILR . Bze=0
TEHE SRR AL  BBiIe= ¢,

BB 1 9= @,



SRR
o HE-RIBHIE

EFETRESEDNE U, = \/ —2e¢s / m,
BFESEE-TEEEAFRNEE N ( BEFEESLHEE )

n =ne”'  WIREENT
IREHENBFZREIIERE DB Anu; , HEERTELLIEE

nu; = nu, . n=nulu =n.¢ /¢

U, = \/_2€¢/mi n, =ne "M

€ S

II‘ EHERYISZS AR n.—n,=n { % _ e€(¢¢s)/kTe}

AT \/g 1+1A¢ 4T 1 BF HEDF IR REE T

2 ¢ kT

e



FBE FIRNEMRFIE

o FEE- I FIIE

Mg =Nj =Ny

Plasma

) P,=p=0
n.—n,=n, Ts _ pl9=4)/KT, {
¢

3 z1+lA_¢, SRV, A9

o 24 T

%1% ni_nezo II- %A N

e|d [2kT,/2




SRS

® 5 E-I IR
R E S TR E 7B
u, = \-2ep Im BRI T S SRR ERAT

mMmeElRTEEFREZEEN,.
el kT, /2 nemm u > [kT,/m, | |EFEETURETEE

Bl omwewmeEE - kT /m MR
I@ﬁ%ﬁ&\aﬁu D TR §, <—kT./2e
RN EE DT n, =n,e '’ =0.605n,
RN S T ERCYBER) T, = nu, =0.605n,\JkT, /m,
BT E R (RB/REE57) C,= [ v fu v, ), = o Ve 2 et

HARHR o, B/ NEEV AP <ve> /—2€¢ <y >= KL



EHFR AT

® HFHEHUEIHFOOPIC ProjE7R

O 5E=Ef26k ( dcdis.inp )

W' z-r phase space forargon — O B z-r phase space for electro... —
File Edit View File Edit View
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Physics kernel (OOPIC) developed at UC Berkeley,

circa 1992-1995; now in version 3.0

XOOPIC = OOPIC + XGrafiX
owned/maintained by UCB Plasma Simulation Group
runs on Linux
Source codes at
http://langmuir.nuc.berkeley.edu/pub/codes/xoopic/

After several SBIR cycles, there is currently an

available commercial product:

OOPICPro = OOPIC + Qscimpl
maintained and distributed by Tech-X Corp. (w/ UCB license)
Windows and Linux $commercial version 1.0

Bay : FF&#&) P VerboncoeurE4&ZE!Michigan state university
OOPIC Pro B#fTech-XABIERLFRFIFIAE ( 2.00R/E )



SRS
® OOPIC Profgft

John Verboncoeur
Professor

CHARLES KENNEDY BIRDSALL
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Integration of equations
of motion

Fl vl xI

-

Particle loss/gain at the
boundaries (emission,
absorption, etc.)

Interpolation of fields
to particles
(E,8) —» F
| Integration of field
equations on grid

(p) — (E;B)

l

Monte Carlo collisions
of motion
vV, —8 v

Interpolation of particle
sources to grid

(xv) —® ()

1.  Verboncoeur J P, Langdon A B and Gladd N T 1995 An object-oriented electromagnetic PIC
code, Comput. Phys. Commun. 87 199-211.
2. Verboncoeur J P, 2005 Particle simulation of plasmas: review and advances, Plasma Phys.
Control. Fusion 47 A231-A260.
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# Grid
®’ Spatial regions
#’ Fields

®’ Particle groups—can be different species or e.g.
beam vs. plasma electrons
m Each group has a list and definition

® Boundaries
m Ports
m Symmetry planes

m “Dielectrics” (actually includes all materials)
m “Conductor”, includes mnsulators; can absorb particles
m Emitter, produces particles by some rule m——
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® 2-dimensional orthogonal grid
m Cartesian (X,y) or cylindrically symmetric (r,z)
m Nonuniform grids in both dimensions possible

= Moving window

# Plasma and beam emission / interaction
m Boundary interactions (absorption, reflection)
m Secondary emission from boundaries
m Monte Carlo scattering between species; 1onization
m Time-dependent current injection
= Tunneling ionization
# Full e.m. field solve

= Linear Polarized Electromagnetic Field Launcher
m Can do wakefields in cylindrical geometry

m Obvious choice for PWFA and LWFA
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An mput file 1s a series of blocks denoted by heading + brackets

Parameters are defined inside the blocks //1s a comment marker

Example:
Grid // rest of line commented out
{
J = 10 // these are parameters
x1ls = 0.00
X1¥ = 0.05
K = 10
x2s = 0.00
x2f = 0.05
} // end of block
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Region block

® Parameter groups
m Grid: region dimension and mesh parameters
m Control: simulation parameters, e.g. timestep
m Species: particle characteristics for each particle group

m Load and VarWeightLoad: itial spatial distribution for
each particle species (Var... for cylindrical coords)

® Boundary conditions

m Possibilities include conductor, Dielectric,
Polarizer, DielectricRegion, ExitPort,

CylindricalAxis, and more
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w=_Other useful blocks:

B Emitters

m BeamEmitter specifies a boundary which emits a particle
beam with given properties, velocity, etc.

m PlasmaSource specifies a rectangular region in which plasma
1s generated at a constant rate

B MCC: collision modeling in the plasma

m Monte Carlo collision parameters

B Secondary: to define secondary emission at a
boundary
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» OOPIC Pro
File Edic Parameters View Help

Run

- [B1X]

numRampCells = 4

numZereCells = Nx - aumFlatCells - numRampCells
zeroEnd = (numZeroCalls +.5) * d

rampEnd = (numZeroCells + numRampCalls + .5) * dx
NGDSwitchOff Time = 2. # rayleighLength
movingWindowDelay = Nx-15) * dx ! speedlig

}

creaiing Gnd

creating Centrol

creating Spacies

crealing Species

creating Spacies

creating MCC

creating Diagnostic

creaiing PortGauss

creaing ExitPort

creating ExitPort

creaitng Conductor

reinitialize and begin again

advance 1 fimestep

start the simulation

AdwisorManager::Check rules()
AdvisorManagersreatoDevica ()

Entering Set_diags..
Entering Init'Win..
Stariing model

Model is running
Standard Exror Log

Time =8 56020E-15 File =C'+/Program Files/DOPIC Profinput/loasicHa.inp

Eile
Open/Save file dump
Open new input file
Exit

Edit

Look at current input file

View

Window style
Diagnostic plots

>
o

Parameters

Timestep maximum sk
Periodic dump files
Window update frequency
Movies
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Ey | Hidesefected |

«s Click on any of thesg
o> to open plot window

I®
Y (while running is OK)
z
Ue

Ub

Poynting Yector

tho

Divergence Error

#-y phase space for HePlusPlus
#-y phase space for electrons
ux vs %, all species
uy vs %, all species
uz vs %, all species
ux vs y, all species 2 4PE+07
uy vs v, all species R
uz vs y. all species il = ’YV ) -1.20E+08
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Hide all
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O Ub

O Povnting VYector
O rtho .
O Divergence Error ol
O #-y phase space for HePlusPlus 2 GAE+08 -

%y phase space for electrons :
ux vs ¥, all species "
O uy vs ¥, all species 5 719E+07
O uz vs %, all species i
O ux ve v, all species
O

O

O

r

uy vs v, all species v\ -1.20E+08
uz vs v, all species = YV P
-2.16

E
; s

1.68E+08 -

-2 42E+07 |
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® 2D particle plots

= Position (x, vs. x,), velocity coords (u; vs. x;); also
shows boundaries

® 2D vector plot
m E, B, or I field directions and magnitudes

® 3D surface plot of scalar field component
m E. B, [, U, charge density, number density ...

® Time history of scalar diagnostic

m Total and kinetic energy, rms beam parameters, number
densities, or user-defined using piagnostic block

# Updating 1n real time!
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