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Abstract

Computer simulation tools for REavity design have Program Description
become a necessity imany laboratories around the world. M3 Mesh Generator
There is a need for accurate predictions of fundamental R3 Equation Generator
frequency, Q factor, accelerating voltage requirements and E31,E32 Eigenvalue Solvers
longitudinal andtransverse higher ordenode impedances, T3 Time Domain Solver
all of which are of paramount importance when the price of P3 Post Processor

manufacture of these cavities is so great but their influence on
beam behavior is critical. Therme numerous 2@nd 3D
simulationcodes available dhe moment which aid accurate
modelling of accelerating structures Ihits papeirfocuses on
three: MAFIA, URMEL-T and SuperLANS.

Table 1. MAFIA subroutines and their function.

MAFIA uses a rectangular mesh generation routine which
is flexible enough to model evethe mostomplex
geometries. The routinallows the user tspecify the

l. INTRODUCTION "coarseness" of the mesh in a particular area of interest.

The design of RFcavity geometryhas becomehighly
dependent on the use of computer design packages, whether it
is 2D or 3D. There are mangommercially available
packages [1] on the market at the moment whgive
accurate geometry solutionsgarticular design criteria. The
three packages which are the subject of this paper, are a small
selection of those currently availalsledhave beermployed
at Daresbury for several years. Ithe intention of this paper
to outline the internal functioning @hese packagesnd to
illustrate the computationatesources required to operate
them.

. COMPUTER SIMULATION CODES

A. MAFIA v2.04, release 22/1/9@]
Figure 1. MAFIA 3D Mesh Generation.

MAFIA is a 3D simulatiorcode used fothe design of RF
cavities and other electromagnetic structures, including MAFIA has been used quite extensively at Daresbury
electrostaticand magnetostatic devices. It is an acronym f@ince its release under the auspices of WMAFIA
the solution of MAxwell’'s equations usingthe Finite collaboration, which comprised DESY,LANAnd KFA in
Integration Algorithm. MAFIA comprises of a suite of 1987. It isrun on aSilicon Graphicdndige? compute server,
programs which use¢he Finite Integration Technigque teomprising; MIPS R4400 CPU at 140MHz, 128Mb RAM and
produce a set of finite-difference equations tlee electric is the only 3D simulation code presently available for RF
and magnetidield vectors for aparticular geometryunder cavity design at Daresbury.
investigation. The solutions to these equatipravide time

and frequency solutions to Maxwell's equations. The | Program Real User Sys
programs have dedicated functions which interact on the (secs) (secs) (secs)
proceeding program (Table. 1) i.e. the output from a M3b 82.52 71.77 0.51
particular program is partly used agput to thefollowing R3 22221 149.51 15.37
program. E31 3631.01 2906.27 33.64
P3b (list) 81.63 31.69 7.58

Table 2. Typical execution times for an optimised nose-coned

cavity with 180,000 mesh points.




B. URMEL-T v2.04, release 6/7/98]

sub-routines,rather like MAFIA, which interact on the
proceeding routine. Theodecan either beun interactively

URMEL-T is a 2Dsimulation package which evaluate®r in batch mode, Fig 3. shows the sub-routine hierarchy.
electromagnetic  properties of cylindrical symmetric

accelerating structures in tlfieequencyand time domain. It
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Figure 3. Sub-routine Hierarchy of SuperLANS Program

Whereby each routine performs the following function;

| Routine | Description |
INGEO Input geometry
Figure 2. Finite Difference Mesh Generation in URMEL-T. GENINM Mesh generation

URMEL-T usedriangular mesh generation techniques, as parameters.
opposed tdts predecess@RMEL which used rectangular

methods, which gives URMEL-T greater flexibility at being

able to closelymap quitecomplex cavity geometries.

Similarly, URMEL-T isrun on aSilicon Graphicsindigo®

workstation and typical execution times for an optimised SLANSME | Matrix calculation for coordinated

spherical cavity with 3922 mesh points are:

Program Real User Sys
(secs) (secs) (secs)
| URMEL-T | 11168 | 4658 | 058 |

Table 3. Typical URMEL-T execution times.
C. SuperLANS[4]
SuperLANS is a comparatively new finite elemente

which is used fothe calculation of azimuthal homog®us
modes in axisymmetrical periodic structuegsd also for the

SLANSC Definition of calculation

SLANSM Matrix calculation
SLANSS Definition of the cavity spectrum.
SLANSRE | Output of results.

SLANSD Calculation of dispersive curves

resultants.
SLANSSE Calculation of coordinated
resultants.

Table 4. SuperLANS Program list.

SuperLANShas thefacility, wherebythe geometrycan be
modified and interactively, the program willlisplaythe new
resonantfrequency (plus a specified number of HOM'S),
giving the user thability to movethe HOM spectrumaway
from potentially dangerous modes whilstaintaining the
required resonant frequency.

calculation of critical frequencies in long homogenous
waveguides.The code is used on an IBM compatible PC
(with co-processorpnd consists of a number of dedicated



Tede: 83041995 *  Commands = [5] PC Version of Poisson/SuperFISH Code Series,

RIHD frread the geometry Version 4.12, Judith Coleman, Brookhaven National
write the geometry
firdata from DHFfile Laboratory, Upton, NY 11973, USA.
I-input the geomeiry
9,152 - I C-edit the geometry

B-draw the geometry
E-exit and write contour
Qguit without write

8,114 -

8,674 -

@636 -

d, 080 S S — .
., g .50 a.12a 8,158 @248 20

Clean screen 7LY,H,01:Y
Write to metafile 7IY,N1:H

Coordinats of left down corner and sizes of screen:
ROC H) =0 ZBC M) =D DRC M) =0.19 DZ¢ H) =0.3

Figure 4. Geometry Manipulation Interface for
SUPERLANS.

lll. OTHER CODES

It is Daresbury’sntention to broaden itase of RF cavity
design codesand evaluation is plannefor SuperFISH [5]
which hasbeen installed on ahBM compatiblePC. A
thorough evaluation of thizode will be carried out by
computing geometries already analysed by the
aforementioned codes. It is alptanned to evaluate the 3D
version when it becomes available.

IV. CONCLUSIONS

For the accurate prediction BIOM frequencies of eeal
structure, a full 3Dcode isessential. Nevertheless a lot of
useful workcan be done with 2DBodes, particularly in the
early stages of the design of a structure. The increase in
computational power of workstationand desktop PC's,
means that it is no longeessential to have access to
mainframe computers for this work.
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