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Context

-dimensional current deposit
by Villasenor & Buneman

@Zigza,g scheme in two-dimensional systems
by Umeda
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The total fluxes into the cell indexed i+1, j+1, k+1

AXNC + A E + AZEN + AXAYyAZ/ 4
= € +, A +; AYC +,A2)
- (€ -3 AXM - AYNE - 1A

The difference between the particle fractions protruding
into the cell before and after the move.
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BOUNDARY CONDITIONS FOR PARTICLES AND CURRENT DEPOSITION
current smoothing (filtering) is applied here after current deposition

from all particles; this saves computational time because particle number

1s much larger than grid points number and particles are uniformly distributed
increaments to the electric fields from current deposition are stored in

¢ "dex, dey, dez" arrays as referenced now by "Split_..." subroutines, and

¢ by "xsplit,..., depsit", "Split_..." updated for boundary conditions handling

¢ ** there is no need for "Clear_ghost" routine now **

O 0 0 0O 0

¢ ambient ions and electrons (periodicity in y- and z-direction applied)
call Split_ Ambient(ions,xi,yi,zi,u1,vi,wi,mb,dex,dey,dez,

& mFx,mFy mFz mx,my,mz,qi, DHDx,DHDy,DHDz,
& PVLeft,PVRght, PBFrnt, PBRear,PBBot,PBTop,

& vithml,c,DT,refli,elosi,mi,sele,0,is,

& 1jittne, njitt,njitteQ)



call Split_ Ambient(lecs,xe,ye,ze,ue,ve,we,mb,dex,dey,dez,

& mFx mFymFz mx,mymz,qe, DHDx,DHDy,DHDz,
& PVLeft,PVRght, PBFrnt, PBRear,PBBot,PBTop,

& vethml,c,DT,refle,elose,me,sele,isel,is,

& 1jittne, njitt,njitteQ)

¢ jet ions and electrons (periodicity in y- and z-direction applied)
if (ionj.ne.0) then
¢ write(6,)mFz=""mFz
call Split_JET (ionj,x1j,yij,z1j,uij,vij,wij,mj,dex,dey,dez,
& mFx,mFy,mFz ,my,mz,qi, DHDx,DHDy,DHDz,DT)
end 1f

if (lecj.ne.0) then
¢ write(6,)mFz=""mFz
call Split_JET(lecj,xej,yej,zej,uej,vej,wej,mj,dex,dey,dez,
& mFx mFymFz mymz,qe, DHDx,DHDy,DHDz,DT)
end if

C pass contributions from current deposit to E-fields from ghost cells
¢ to the cells in the appropriate domain's "particle core" before E-field
¢ passing and applying periodic boundary conditions

¢ ** "addlayer" subroutine is embedded in here **

¢ !l subroutine must be called with "FBDRxe" and "FBDLxe" !!!
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subroutine Split JET(ipar,x,y,z,u,v,w,mh,dex,dey,dez,
& mFx,mFymFz mymz,q, DHDx,DHDy,DHDz,dt)

dimension dex(mFx,mFy,mFz),dey(mFx,mFy mFz),dez(mFx,mFy mFz)
dimension x(mh),y(mh),z(mh)
dimension u(mh),v(mh),w(mbh)

k=0

50 k=k+1

c previous particle position
x0=x(k)-u(k)*dt
y0=y(k)-v(k)*dt
z0=2z(k)-w(k)*dt

¢ make particles which are out of the box (3,my-2)*(3,mz-2)
¢ periodic in transverse dimensions with period my-5 (mz-5)
¢ ** in 3D version particles that were out of the virtual box transverse **
¢ ** boundaries have been already passed to processes according to the  **
¢ ** periodic boundary conditions; here only their proper y and z-positions **
¢ ** in the new domain are calculated (e.g. y(k)=83.5 --> y(k)=3.5 (my=85)) **
cJET only periodicity applied
per = sign(.5*(my-5.),y(k)-3.) + sign(.5*(my-5.),y(k)-my+2.)
y(k) = y(k)-per
y0 =y0 -per



z-5.),z(k)-3.) + sign(.5*(mz-5.),z(k)-mz+2.)

all depsitUM2(x(k),y(k),z(k),x0,y0,z0,dex,dey,dez,mFx, mFy,mFz,
q,DHDx,DHDy,DHDZz)

1 depsitUM 1(x(k),y(k),z(k),x0,y0,z0,dex,dey,dez, mFx,mFy,mFz,
q,DHDx,DHDy,DHDz)

if (k.It.1par) goto 50

return
end
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plit_ Ambient(ipar,x,y,z,u,v,w,mh,dex,dey,dez,

mFx mFy mFz mx my,mz,q, DHDx,DHDy,DHDz,

PVLeft, PVRght, PBFrnt,PBRear,PBBot,PBTop,

k2
vthml,c,dt,refl, eloss,mass,s,isel,is,

acek3

1jittn, njitt,njitt0)
vthml,c,dt,refl,eloss,mass,is)

real mass
dimension dex(mFx,mFy,mFz),dey(mFx,mFy mFz),dez(mFx,mFy mFz)

dimension x(mh),y(mh),z(mh)
dimension u(mh),v(mh),w(mh)



article position needed for current deposition
)-u(k)*dt
(k)-v(k)*dt
=z(k)-w(k)*dt

xini=x(k)
reflect=0.0

particles outside the box (3,mx-2) are reflected or eliminated from the

simulations

I now the boundaries are (PVLeft, PVRght) !!!

** only coords(1)=0 and coords(1)=Npx-1 processors calculate this part **
if (x(k).ge.3. .and. x(k).lt.mx-2.) goto 51

if (x(k).ge.PVLeft .and. x(k).It. PVRght) goto 51

hich boundary has been crossed?
x(k)=aminl(amax1(x(k),3.),mx-2.000001)
(k)=aminl(amax1(x(k),PVLeft),PVRght-0.000001)
at boundary crossing

(k)-x0)/u(k)
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C Y,z at boundary crossing
¢ ** particles which are not reflected are stopped at the boundary at this **
¢ ** point and deposit current at this x-position g
y(k)=y0+tx*v(k)
z(k)=z0+tx*w(k)

c4push
reflect=refl

¢ ** particle reflection according to the reflection rate "refl" **
c ** e.g., refl=0.8 -> ~20% particles reflected *x
rabs=ran1(is)

¢ particles are reflected from stiff-wall x-boundary

¢ now particles reflected have new set of inward velocities, as if a new

¢ particle entered the box in place of the one which left the box

¢ ** this can cause numerical errors in a rare case in which a reflected  **

¢ ** particle crosses at the same time one of the other boundaries (y or z); **

¢ ** such a particle has been already passed to a new processor in e

¢ ** "particle_passing" and its new location after a move with new velocity **
¢ ** components must fit the domain boundaries after the periodic conditions **
¢ ** have been applied; because of that a loop in label "20" is necessary - **

¢ ** this 1s a change compared with older version of this subroutine: note **
¢ ** that the problem does not exist when reflection from stiff-wall boundary**
¢ ** 1s applied ks



.gt.reflect) then
=-u(k)

ntry = ntry + 1
tiff-wall boundary reflection is applied if loop 20 does not succeed after **
000 trials; this in particular takes care of cases in which a particle **

osses domain x-boundaries at a very oblique angle, so that y or z position**
boundary crossing is too much outside the domain boundaries and a o
ction of loop 20 must tune up to minus original velocity to place ~ **

icle in right domain *k
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*p1*ranl(is)
= sig*r1*cos(r2)
= sig*r1*sin(r2)

3 = ranl(is)
r33.EQ.1.0) goto 19

= sqrt(-2.0*log(1.0-r33))
(s1g*r3.ge.c) goto 19

= 2.0*pi*ranl(is)

ew = sig*r3*cos(r4)

= -sign(unew,ut)

= vnew

(dt-tx)*v(K)
tx)*w(k)
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ere and check the domain boundaries
y-5.),yt-3.) + sign(.5*(my-5.),yt-my+2.)

sign(.5*(mz-5.),zt-3.) + sign(.5*(mz-5.),zt-mz+2.)
zt-per
z0t -per

(yt.lt.PBFrnt) .or. (yt.ge.PBRear) .or.
(zt.1It.PBBot ) .or. (zt.ge. PBTop ) .or.
(uwk)**2+v(k)**2+w(k)**2 .ge. c**2)) goto 20

(k)=x(k)+(dt-tx)*u(k)




which are out of the box (3,my-2)*(3,mz-2)
transversal dimensions with period my-5 (mz-5)
version particles that are out of the virtual box transversal
daries are passed to processes according to the periodic boundary **
nditions; here only their proper y and z-positions in the new domain **
re calculated *x

er = sign(.5%(my-5.),y(k)-3.) + sign(.5*(my-5.),y(k)-my+2.)

y(k) = y(k)-per

y0 =y0 -per

**

per = sign(.5*(mz-5.),z(k)-3.) + sign(.5*(mz-5.),z(k)-mz+2.)
z(k) = z(k)-per
z0 =z0 -per

split particles which cross cell boundaries and deposit currents
** Umeda's 2nd-order method **
1 call depsitUM2(x(k),y(k),z(k),x0,y0,z0,dex,dey,dez,mFx, mFy mFz,

1 & q,DHDx,DHDy,DHDz)
call depsitUM 1(x(k),y(k),z(k),x0,y0,z0,dex,dey,dez, mFx,mFy,mFz,
q,DHDx,DHDy,DHDz)

19



or right processors) which are outside virtual box
s (non-reflected particles) are eliminated and replaced by
om the top of the stack

if (rabs.ge.refl) goto 53

bs.gt.reflect .and. xini.ge. PVLeft) goto 53

ing kinetic energy lost
ss=eloss+0.5*mass*(u(k)**2+v(k)**2+w(k)**2)

(k)=x(ipar)
y(k)=y(ipar)
z(k)=z(ipar)
u(k)=u(ipar)
v(k)=v(ipar)
w(k)=w(ipar)

liminated particle was traced its "ijittn(i)" points the nonexisting

ent; it will be subsequently taken out together with the radiation data
1s a waste of computing time -> selection method must avoid !!
ing particles which are close to boundaries I

20



=s(1par)
(s(k).eq.1) then
o1 = njitt0,1,-1
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charge conservation method by U

flux of particle  QV= q(VX, Vy, Vz)

order shape-factor

1-1§-i| for|g-i|=<1
0 for|§ -i|>1

R A A4
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5 AXAYyAz 4

Xn yn z'l
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Y Z,
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between two methods

irkepov’s method is
ler and implemented
ut IF statement




method (i, # i, and j; # j,)
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g method (i, # i, and j, # j,)

| AX, i, AX) + AX,max {max(ile, i,AX), X ‘; X H

- o N
in(j,AY, j,Ay) + Ay, max {max(ley, j,AY), Yi : A H

X+X Vi+Y,

W = _I, =
I:yl - q-yfA_t-yl , x1 2AX 1 Y1 2Ay
X+X . Y.+
y_}/r =—_I, W — =L
= Fe o= am g =R 27 2Ax PV Ay

IliA1/2j41)

iyt 1,+1/2)

. 1
Ball=Wo), Jliz+3, )+ D)= Fal, . N
1 vly('*lﬁ"/z)X| "I"‘;'l.
(A-Wo), Jy(i, +1, j, + 5) = A_XAyFyZWX”

26




method (i, # i, and j; # j,)

I,AX)+ AX,max {max(ilAX, I,AX), % ; % H

- o s
in(j,AY, j,Ay) + Ay, max {max(ley, j,AY), Yi : A H

XIX’”X y woo XX _ Y
- — X 1° 1
B - qyrAt L 2AX .
X+X Y+ ¥
X - X, ¥, -, W, = _iL W, =
n ~ VB Fp=am =y - Fy 27 ax P2

Ili1/2,j41)

.. 1
—nyl(l_VVyl)a Jx(’1+79./1+1)=A—FW

XAy x17 "yl>

I+ 1/2)

Iigk1/2e+1)

1

s, G (L=W,), J (i +1, ]+

1
N=e——F,W,, .
2) AXAy yl= "x1 12

A | . 1
(1 Wyz)a J (i, + 7, f, +1) = MszWyzs

. 1
(I_sz)a Jy(’2+1>fz+7)=A_XAyFy2sza

y

y /4 l."
vl

Bal

—

26




g method (i, # i, and j, # j,)
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C R R R R S R L AR S L A e S A R P A A i P R S R S R R P P R R A

subroutine depsitUM1(x2,y2,z2,x1,y1,z1,dex,dey,dez,mFx mFy mFz,
& q,DHDx,DHDy,DHDz)

dimension dex(mFx, mFy,mFz),dey(mFx,mFymFz),dez(mFx mFy,mFz)

il=x1 - DHDx c offset from the particle's nearest grid point

j1=yl - DHDy ¢ 1na VIRTUAL array

i D DHDx = PBLeft-3.0

iZZXZ a DHDX DHDY — PBFI‘Ht-3.0

i2=y2 - DHDy DHDz = PBBot -3.0

k2=z2 - DHDz

xr = min(min(i1*1.0,12*1.0)+1.0,max(max(11*1.0,i12*1.0),
& 0.5%(x1+x2)-DHDXx))

yr = min(min(j1*1.0,j2*1.0)+1.0,max(max(j1*1.0,2*1.0),
& 0.5*(y1+y2)-DHDy))

zr = min(min(k1*1.0,k2*1.0)+1.0,max(max(k1*1.0,k2*1.0),
& 0.5%(z1+z2)-DHDz))

. . o X + X
X = min | min(i,AX, i,AX) + AX, max {max(llAX, i AX),Q}

¥, = min | min( j,AY, j,Ay) + Ay, max {max(ley, J,AY), Y ; A H



1.eq.j2) then
= 0.5*%(yl+y2)-DHDy

yr = max(j1,j2)
end if

if (k1.eq.k2) then
= 0.5*%(z1+z2)-DHDz

zr = max(kl1,k2)
nd if




dx1=0.5*(x1+xr-DHDx) - il

: Xt X By,
dy1=0.5*(y1l+yr-DHDy) - j1 UYL LR i
dz1=0.5*(z1+zr-DHDz) - k1 X y
. _ X + X, A Y.+ :
dx2=0.5*(x2+xr-DHDx) - 12 x2 = A — b, VW, = A = |
dy2=0.5*(y2+yr-DHDY) - 2 % y
dz2=0.5*(z2+zr-DHDz) - k2
¢ *** DEPOSIT CURRENT and SMOOTHING ***
c I NO SMOOTHING IS APPLIED HERE !!!
C attention
1f(i1.1e.0) then
write(6,*) '11,x1,DHDx,y1,DHDy,z1, DHDz="
1 11,x1,DHDx,y1,DHDy,z1,DHDz,
1 '12,x2,DHDx,y2,DHDy,z2, DHDz="
P 12,x2,DHDx,y2, DHDy,z2, DHDz
endif
. 1 . .
Jx(ll +5:0)= M/Fn(l - VVyl): JX(Il + 5, i+ )= M/Fxlvvyp
aE Jy(ilajl 2)_— (1 xl)v Jy(il +19j1+%)=ml:ylvvxlﬂ
SACY X B J R 1 .
a t I (h + 5, J,) = M/sz(l = Wyz)o J(l + 5, f,+1) = M/szwyza
Jy(i27j2+%)=TA}/Fy2(l_VVX2)7 Jy(i2+laj2 2) AXAy yszza



dx1=0.5*(x1+xr-DHDx) - il

: Xt X By,
dy1=0.5*(y1l+yr-DHDy) - j1 UYL LR i
dz1=0.5*(z1+zr-DHDz) - k1 X y
. _ X + X, A Y.+ :
dx2=0.5*(x2+xr-DHDx) - 12 x2 = A — b, VW, = A = |
dy2=0.5*(y2+yr-DHDY) - 2 % y
dz2=0.5*(z2+zr-DHDz) - k2
¢ *** DEPOSIT CURRENT and SMOOTHING ***
c I NO SMOOTHING IS APPLIED HERE !!!
Cc attention
1f(i1.1e.0) then
write(6,*) '11,x1,DHDx,y1,DHDy,z1, DHDz="
1 11,x1,DHDx,y1,DHDy,z1,DHDz,
1 '12,x2,DHDx,y2,DHDy,z2, DHDz="
P 12,x2,DHDx,y2, DHDy,z2, DHDz
endif
. 1 . .
Jx(ll +5:0)= M/Fn(l - VVyl): JX(Il + 5, i+ )= M/Fxlvvyp
aE Jy(ilajl 2)_— (1 xl)v Jy(il +19j1+%)=ml:ylvvxlﬂ
—=cvxB-Jd
a t I (h + 5, J,) = M/sz(l = Wyz)o J(l + 5, f,+1) = M/szwyza
Jy(i27j2+%)=TA}/Fy2(l_VVX2)7 Jy(i2+1,j2 2) AXAy yszza



dex(il,j1+1,kl1+1)= dex(@il,j1+1,kl1+1) - qul*dyl*dzl
dex(il,j1,k1+1) =dex(il,j1,k1+1) -qul*(1.-dyl)*dzl
dex(il,j1+1,k1) =dex(il,j1+1,kl) -qul*dyl*(1.-dzl)
dex(il,j1,kl) =dex(il,j1,k1) -qul*(1.-dyl)*(1.-dzl)

dey(il+1j1,k1+1)= dey(il+1,j1,k1+1) - qvl*dx1*dz1

dey(il+1,j1,k1) = dey(il+1,j1,kl) - qvl*dx1*(1.-dz1)
dey(il,jl k1+1) = dey(il,jl k1+1) - qvl*(1.-dx1)*dz1
dey(il,jl k1) =dey(iljlkl) -qvl1*(1.-dx1)*(1.-dz1)

dez(il+1,j1+1,kl)=dez(il+1,j1+1,k1) - qwl*dx1*dyl
dez(il,j1+1,kl) = dez(il,j1+1,k1) - qwl*(1.-dx1)*dyl
dez(il+1,j1,kl) =dez@il+1,1,kl) -qgwl*dx1*(1.-dyl)
dez(il,j1,kl) =dez(@il,j1,kl) -qwl*(1.-dx1)*(1.-dy1)

dex(i2,j2+1,k2+1)= dex(12,j2+1,k2+1) - qu2*dy2*dz2

dex(12,j2,k2+1) = dex(i2,j2,k2+1) - qu2*(1.-dy2)*dz2
dex(i2,j2+1,k2) = dex(i2,j2+1,k2) - qu2*dy2*(1.-dz2)
dex(i2,j2,k2) = dex(i2,j2,k2) - qu2*(1.-dy2)*(1.-dz2)

dey(i2+1,j2,k2+1)= dey(i2+1,j2,k2+1) - qv2*dx2*dz2

dey(i2+1,2,k2) = dey(i2+1,i2,k2) - qv2*dx2*(1.-dz2)
dey(i2,j2,k2+1) = dey(i2,i2,k2+1) - qv2*(1.-dx2)*dz2
dey(i2,j2,k2) =dey(i2,j2,k2) - qv2*(1.-dx2)*(1.-dz2)



ez(12+1,j2+1,k2) - qw2*dx2*dy2
= dez(i2,)2+1,k2) - qw2*(1.-dx2)*dy2
) =dez(i2+1,j2,k2) - qw2*dx2*(1.-dy2)
) =dez(i2,j2,k2) - qw2*(1.-dx2)*(1.-dy2)
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