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NUMERICAL MODELING OF TIME DONMAIN 3-D PROBLEMS IN ACCELERATOR
PHYSICS
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Abstract: Tire domain analysis is relevant in particle accelera
tors 1o stady the electromagnetic field interaction of a moving source
particle on a lagging test particle as Lhe particles pass an accelerat-
ing cavity ar some other structure. These fields are called wake felds.
The travelling beam inside a heam pipe mav undergo more comph
cated interactions with its environment dne to the presence of other
irregularitiex like wires, thin slots, joints and other types of obstacles,
Analvtical salutions of such problems is impossible and one has to re-
sart to a numerical methad. In this paper we present results of our
first attempt to model these prablems in 3 B using our finite difference
time domain (FDTD) code.

Historical Background

In the mid 1960°s; Yee {1} introduced a computationally efficient
means of directly solving Maxwell’s time dependent curl equations fi
nite differences, vow designated as FDTD . Here in the .S, work
was dominated by the development of a eode for the study of open
(seattering) prohlems. This colde successfully addressed the problem
of truncating the FDTD grid in a computationally efficient and effec
tive manner so as (o simulate an infinite grid. This added elaboratinng
is ot needed i closed problems. The FDTD code initially developed
by Taflove [2| has been successfully applied to a wide variely of elec-
lromagnetic seattering and interaction problems 13-4, to the modeling
of thin wires and cracks, moving objects, and recently 1o conformahly
model corved surfaces |58 0 The stepped edge approximation of a
curved surface can introduce significant errors in the calculation of
wake fields and impedances. Such errors can be reduced by increasing
the mesh size, therefure increasing the cost of computing. Here instead,
the Ampere’s and Faradyv’s contours” are deformed near a media inter-
face s as 1o conform to the interface. This is illusirated brieflv in [9]
and more detailed in [8]. Two sample results in 2-D taken from paper
‘9l are shown in Figures one and two.

The extension of the conformal modeling of curved surfaces 1o 3-D
fotlows the same basie idea. A scattering example of the conformable
FDTD method, a sphere illuminated by a plane wave, is shown in IVig
ure three. This figure compares F-plane near field data. This previnons
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Figure 2: Contour Plot of £, in the Cavity
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Figure 3: E plane cut of the near field of a plane wave illuminated

sphere

experience with FDTD to study scattering problems and our present
involvernent in accelerator physies problems was a perfect opportunity
for a new application of the FDTD code.

The FDTD code was maodified such that the excitation of the compu-
talional grid was by moving charges rather than a plane wave. Initial
2-1) results were very satisfactory and presented at the PAC-89 con-
ference in Chicago (3. The logical next step following our 2-1) test
runs was to perform similar tests in 3.1, In this paper we present our
first results in an attempt Lo apply the FDTD cade to 3-1) accelera
tor problems. Again results obtained are in good agreement with the
analytical predictions.

Discussion and Results

Two geometries are selected for our 3-D tes a stepped edge

cylindrical pipe, and a square pipe. Runs arc made with the pipes
empty and with the pipes containing two parallel plates that act like
separators. The purpose of these test runs is to build a confidence in
our code capability to madel 3-D prohlems. The geometries selected
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Iigure 1: Problem Geometries

at this stage are not meant to reproduce a real machine. The problem
geometries are shown in Figure four.

The stepped edge evlindrical pipe provide us with a wav of validating
our 3-D FDTD code. Contrary to the 2-10 model where a line charge
move in space the 3-1) model considers a charge with a given distribu
tion moving in space. This moving charge distribution corresponds 1o
acurrent density distribution given by prf (Trequently called convection
current) and shows up in Ampere’s faw:

f i dl // akods ¢ // 0ods // o dsS (1)
c I atJ Js JJs

The movement of charge is modeled by exciting the FDTD grid at
approriate spatial and temporal locations, given the desired path and
shape of the particle bunch. Here we assume the charge distribution
to be gaussian travelling at the speed of light. For a single particle
travelling at the speed of light the fields lines are squashed into a
plane perpendicular to the axis of mation, and decav as 1 ' 10 . The
case of a gaussian pulse is different but for a sufliciently narrow pulse
{camparable to a defta function) we can expect a bebavior similar to
that of a single particle. The analysis at this point is not self-consistent.
In other words the beam is assumed to be rigid and does not change
shape in response to a field acting back on it

Case of a Stepped Edge Cylindrical Pipe: Resulls with the
stepped edge cvlindrical smooth pipe are shown in Figures five and
six. Figure five is a snapshot of the E-field maguitude distribution
across the heam pipe taken at the same location of the beam in the
pipe. Figure six clearly shows the v~ ' decay of the field as we move
along a line perpendicular to the axis of motion.

Figure seven shows same type of results taken across a stepped edge
eylindrical pipe containing the separators. The separators are perfectly
conducting plates that have no Lhickness. The ellect
seen in the tail of the pulse.

of the plates is

Case of a Square Pipe: I'or the purpose of further testing the
FDTD code applicability to different type of problems we performed
similar calculations on a square pipe. Figure eight shows a snapshot
af the E-field magnitude across a square pipe taken again al Lhe same

Flatd IMagn (tude
. X
lae

127. 40 D249 9 T IP
Jisasiaidiaancandisiiss

y

Y

Figure 5: Distribution of 13-ficld magnitude across a stepped edge ovlin
drical heam pipe
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Figure 6: Variation of E-field magnitude versus r !
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Figure 7: Distribution of E-field magnitude across a stepped edye evlin
drical pipe containing the separators
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Iigare 8: Distribution of F-field magnitude across a square pipe
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focatinon of the heam. We noticed the field distribution away from the
center from the beam get squarish | a result we wonld sormehow expect.

Result Tor the case of a square pipe with separators is shown in
Figure nine. Apgain the ¢lfeet of the separators is noticeable around
the tail of ithe palse.

Summary and Future Investigations

In this paper we have demonstirated the capability of the F'D'TD
code ta model <imnle accelerator physics problems in 3.0 The 3.D
conformable 'DTD vodeling of a beam pipe is currently under inves
tigalion. Thereafler, heam monitars and cavities will e added (4 the
pipe. Ferrite loading of the cavities is also possible. given the demon-
strated capability of the FDTD ende (o handle arbitrary media. Coy
pled with previous two and three dimensional seattering validations,
the 3-D FD'TD sinndation of beam pipes, cavities, wire monifors and
resistive wall monitors in a conformable manner is a direct extension

of the present results,
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