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Longitudinal fields

1 Equatioms for simulatioms

{onvenient equation for the wake field computer calemla-
tioma can be derived from the Maxwell equationa, which
in the stmetires with eylhnder symmetry are

8E, 18(rH,) 4m.

ﬂat e o ar ?jz {1]
10rE)  BE, .. .
ror 8z C 2
gH oE. JF,
_lflg i - s = .
Bt 8z ' ar ®
and bomdary condition ia
RxE =0
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Relativistic bunch

For the wake potential calemlations we namally assnme,
that the beam ia moving with the constant velocity. There-
fore the charpe density o and enrrent denaity 4 can be
deacribed in the way

p=pla,r)f(z —d 4+ 3)

—> .
i =4 =g{s,r)Ved{z- vt + 3
where p{s,r) B the charge demsity inside the binch.

From the above eqmationa, by mitegration in radial -
rection we have

c_'*i;tﬂ J': Erdr = % _,i;; Ezrdr—l—TEEz 4#{1—% _,i;: ofs, rirdr

or
)
In the relativistic case, when the velocity of the parti-

clea is equal to the apeed of light (17 = £), the last term
5 disappears.
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Main Equation

Lo, we can 18 the fix $ of electric field
Bt r 2= J': E(t, v, 2y dr’

that deacribea the electromagnetic fiekl componenta

18
E,.=—%
£ ror

r oz ro

Hliqn I

¥ o
Where I, ia the cnrrent of the traw.ljng bunch ia

T=Iz=ﬂq{s]§{z—d+s:] [_’I'( = 4'?7_/{’] g, T Td’}'

This flinc 4 aatiafiea the second order eqmation
with bonndary conditiona

W W 5
20 922 orror 7 o {gradd — — 1) =10
=
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Explicit Scheme

2 FExplicit Scheme

[Jamally the exphcit scheme of the finie-difference ap-
proximation is nsed

T fi— E&t T2 i b3
it — 29} + B} lZ{EJE{ b —2F 4+ O
eAt, 1 .
o) A A

where index 7 ia for time and index % ia for =z conrdi-
nate.
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Scheme Stability

The stability conditiona we can get from Farmer anal-
yaea
& Eiu1‘+i,ﬂz—|-|?e1r

When + 3 Ar diaperaion relation &
qwiit AL, o fHAz  eAl, g oAr

i o =R 5 S
And the atability condition 1

ety b,
<1
b )



Phase Velocity In Free
Finite-difference Domain

If we look for the wave, traveling in z direction,
- we can notice that the phase velocity in free finite
time domain depends upon frequency,

L Z et | fAz
Vik===r arcstn——gn ——

g dedd FiY - 2
decreasing strongly in the region of maxionm vale of

the wave vector 3
i

,ﬂma.n — E
where wavelength A reaches ita mminmm value

}i'r:r:l.i'r:l. = Eﬂz
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Dispersion

Phase velocity frequency dependence

Sfor different time step

0.9 -
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EB——8 dzfedt=2
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07 — d/edt=10
06 " ! " L " L . L

00 01 02 03 04 05 06 07 08 08 1.0
BAZ/n
[Phase velocity frecmency dependence ia prven
for different ratio of the coordinate atep to the time atep.
It meana, that the fimite difference domain has disper-
aiom, that destroys the shape of field, which containa high
freqmency waves. mally, the effect of dispersion i in
ardditional high frequency cacillationa and diffngion.
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Implicit Scheme

3 IDmplicit Schemne

{nly equivalent step in time and coordinate gives right
approximation in high frequency region, but stability con-
dhtion doea not alloww to have anch siep in explicit scheme.
Lo, the solution i in nang implicit algorithm.

it — 297 + D] l={ﬂjﬂi b —20F +0F_ H

1.eAt, .1
"‘2{&1_:1 ""ﬂr (i + 97

Imphcit acheme gives not only stable soltion,

bt also better * ommerical dispersion enrve” in the re-
gion of mininnm critical wavelength, as we can have time
atep equal to coordmate step eAt = A2z Thia ia very im-
portant for the calenlations of the field of the very short

11 bunches. msﬁ'&z |
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Solution

Finally, the implicit scheme for the eAf = Az takes

the form

B ;('ﬁ_t) m M}"“ &+ B, — O
1 c&t
+2(.&r) r& .f}.tI) (3)

The solution of these equations, that are in radial di-
rection {m} can be presented as

en®(m + 1)+ bpn®(m) + cu®(m — 1) — dp = 0

consists in "round trip” calculation

L
Uy, = —
by + Cm_1
r}"-m—] Cm ‘|‘ d“m
Y=

b-m + Cmim—1

®(m) = an®(m+ 1) + ¥
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Calculation Time

On one hand it takes two times more ”computer time”
in comparison with explicit algorithm, but on the other,
as the time step is two time larger (usually in explicit algo-
rithm cAt = 0.5 Az), then the implicit method takes ap-
proximately the same ”computer time” for the same co-
ordinate step. However, as the implicit method does not
need great number of mesh points on the bunch length,
it has great advantage for short bunch caleulation.



B.Zotter comparison

EUROPEAN URGANIZATION FUOR NUCLEAR RESEAR{CH

0. Meincke, A. Wagner, B. Zotter SL-Note-97-xx {AP)

New Wake Field and Bunch
Lengthening Codes

Abstract

Two computer codea heve recently heen preaented by A. Novokhsataki
during & short visgit to UEBRN: the first one for calmlating longitudi-
nzl wake potentizla of short bunchea in sxislly symmetrie atructures
from the diseretized Maxwell equations, snd the other for caleulating
the evolution of 2 parficle diatribution in the presence of wake fielda.
The first code sppesms to he much more efficient, snd henece faater,
than the rodea which we have been naing st CEBRN ao far. The aee-
ond one shows intrigning reaults for bunch shortening by capacitive
wakea, and slso the development of seversl pesks in the distribution
funection for resonsfor wakea.

14

eneva, Switzerland

10/19/01 Febmsary 25, 1997



:
|
; (A 2% Bunch length =5 mm
2 (Z2m 03
=
'g | (CPLU time on CERNSP)
3 : (max OPT = 1 for ABC)
SR S AR {max OPT = 3 for NOVQO) -
g |
; |
3 NOVO | R

I m 40 s
E’- (26g)
= | (Bmds (Ar =1 mum)
g 3L Lnoe | (5 he 40 m)_l_
= moH s (1 ht 33 m)
% | (14 m 175 (13 he 18 m)! |
£ I Ar=05 mm) |
= : (2 b 54 m) ( _
5 ] : 2 E -
E. 2F E | v 4l &4
15 — 1 s B —

& b T T T 1
a =] < < \-51!' :

10/19/01 Eo | I | I

0 10 20 30 40

DY e A



16
10/19/01

Wake Potentials
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RF-cavity for SOLEIL-project

Wake Potential of 1lmm bunch

in the 5 m long structure of two cavities with tapers
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Comparison of the wake flelds, calculated for
different number of mesh points on the bunch length.



Wake Fields due to Surface

Random
bumps
<0>=5
<g>=50 pu

In the tube
R=5mm

Bunch
c=10 pu
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Surface Roughness Wake
a Bunch

B
2

Fields Chasing
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Application to NLC.

is at the end of the NLC Section
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PEP-I11 cavity.
Electric force lines.

PEP-II RF Cavity Time = 60.0 PEP-II RF Cavity PEP-II RF Cavity
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