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COMPUTATIONAL TOOLS FOR ACCELERATOR DESIGN

L. Rinolfi
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Abstract

Based on the methagenerally followedor an accelerator desigthis
contribution describes some thfe computational tool&hich can be
used. Abrief review is giverfor simulationcodes related to theesign
of accelerator components and those related tobdaen dynamics
with emphasis on electron linacs.

1. INTRODUCTION

The title of this contribution igather ambiguous. Indeed it coulthply that all
computational toolavailablefor acceleratodesignare described. Although the purpose is to
describe the codes running on various computers, and prabaitlyemachines themselves, it
would be hard to covall the codes currentlgvailable, even if weestrict ourselves to the
field of linacs and cyclotrons.

Therefore we will focus on thenethodwhich can be applied ithe design of any
accelertor and afterthat on thecodeswhich have been found to be particularly useful in the
analysis and design of accelerators. If some readers diachatention oftheir favorite codes,
this is possibly due to limitations of knowledge or of room to describe them.

A deliberate choice is also made to avoid detailed description phits&cs ofthe codes.
In the references and bibliography given at the end, the readéndithore information about
existing and known codes and the related physics.

2.  METHOD AND TOOLS

During thedesign phase of a whole accelergiovject or asmall testfacility, or even
improvements to an existiragceleratormanydiscussions and calculatioaseinvolved. Once
the guidelines (physics)and the goalgbeam performance) dhe project aredefined, the
exercise starts. The different steps, with many interchanges between them, are:

I)  submitthe project to discussion by presenting the basic ideas

i)  check the orders of magnitude for the main parameters and see if the beam
performance is achievable

iii)  elaborate a first model, generally based on analytical calculations

iv) realise the next model either from existing simulation codes or from a new one to
be written in order to model the real machine as well as possible

v) improve the model by including new factors and new effects if necessary.

These general rules have to be takeradsce and will avoid disappointment to the
accelerator designer tempted to jump directly to calculations with a 3-D code!
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To illustrate the different phases, the following tool list is proposed:
i)  pencil + paper

i)  pocket calculator

i)  desktop computer

iv) large computer.

Emphasiswill be made on some existing simulationdes forlinacs. Amongthe pro-
posals for the futurarlearaccelerators, there is the CLIC (CERMear Collider) which is
foreseen beyonthe year 2000. Asmall linearaccelerator CTF (CLIC Te#tacility) has been
installed atCERN and has beemnningfor several yeardt will be used, as an example, to
illustrate this contribution.

3. DESIGN ACCORDING TO THE MACHINE
For a given type of particle (leptons, ions,...), two main topics should be considered:

1) the accelerator structure

2) the beam dynamics.

Three main families of accelerators and a particular case are presented.

3.1 Linear accelerators

A linear accelerator is anachine in whichparticles are accelerated on ae#npath, a
charged particleg crossing an electriield E being submitted to &orce F = q E. An
electrostatidield can be used to accelerate such particles. The dc accelerators (type Van de
Graalff) are still used for low energy ion acceleration. Dutaédimitations to highcontinuous
voltage, the acceleration iméaraccelerators is produced tisne-varying electric fields. The
two methods used are:

i)  the RF (Radio Frequency) linac
i) the induction linac.

The RF linacs are composed of resonamhvities (standing-wavestructures) or
waveguides (travelling-wav&ructures)ith sinusoidally varyinglectromagnetidields in the
range of some MHz up to 30 GHlE,2,3]. Inductionlinacs[4] are composed of aarray of
modules where a pulsedurrent passingthrough a toroid produces wmapidly changing

magnetic fluxand according to Faraday's law a voltage is indaoedss an accelerating gap.
The beam dynamicgoncern thdongitudinal andthe transversglanes. They willnormally

differ according to the type of particles. Electrons kght particles and theare quickly
relativistic. In apath length less than 1 m, they can apprdaehvelocity oflight and they
travel inside thdinac at this essentiallyonstantvelocity. The consequence tine longitudinal
phase plane ithat theclassical stability diagram of non-relativistic partictggens up and no
phase oscillations can occur. Ag beam charge increases some additidde@m-dynamics
effects begin talegrade thdeam performancéspace chargdgeam loadingwake fields,...).
Solutions for reducing ocancellingthese effects casignificantly influencethe parameter
choice for the accelerator design.



3.2 Circular accelerators

If linacs can be considered as RF-orientedchines, circular ringccelerators are rather
magnet-oriented machine§he accelerator structureonsists basically of a pattern of
successive dipoles, quadrupoles and drift sp&aastheacceleration process or for particular
RF requirements, one or more RF cavities are installed. Again, the beam dynamics handle both
transverse and longitudinal plan€sr the latter thdehaviour issimilar to the linac for non-
relativistic particlesFor leptons, synchrotroradiation cannot be neglected and should be
taken into account from tHeeginning everor thefirst model. Inorder to get a correciosed
orbit, limitations on periodicityare preponderant idesigningthe lattice.Since a particle
passes thesame place several timet)ere is a repetitive exposure to teerors and
perturbations existing in the machine. This can lead to destructive resonances.

An uncommon use for a circularachine is tadecelerate particles. Aexample is given
by the CERN Proton Synchrotron (P8hich receivesantiprotons at 3.5 GeV/and after
deceleration down td.6 GeV/c ejects thparticlestowardsLEAR (Low Energy Antiproton
Ring). A storage ring represents also a special design and application.

Some particularbeam-dynamics effectselated to circularmachines (closed-orbit
distortion, intra-beam scatteringstabilitiesdue to resonances, transition energy,...) and the
computational tools related to them, will not be described in this contribution.

3.3 Cyclotrons

As in the other accelerators ttveo maintopics, the accelerator structiard thebeam
dynamicsshould be considered. However for sumhchinesthe magnesystem andhe RF
system are extremely interdependent. The cyclotron magnet design and the RF design require a
complete view of the cyclotron [5]. The two main issues are:

i)  theisochronous aspect where the particles and the accelerating RF remain in phase
and where the magnetic field follows the relativistic mass increase during the
acceleration process.

i)  the resonances: during the acceleration it is unavoidable to cross resonances, as in
synchrotron machines. The time that the charged particles remain on the resonance
and the amplitude of the driving term determine the beam behaviour.

The analytical equations aregiven in Ref.[5, 6] and can bereatedwith a pocket
calculator or desktop computer. The available simulation codes will be mentioned in section 9.

3.4 Transfer lines

Although they are not accelerators, great care still needs to be taken in order to preserve
the beam quality.Here the transfer structure is composedddft spaces, dipoles and
guadrupoles. Fdinacsthe structures are open at each end and thertfeyedonot require
specific techniques to inject arektractbeams. Only athe injection shouldthe beam be
bunched.For circular machinesthe beam characteristics #te end of the transfer lingill
determinethe injection processwhile the beam characteristics #te end of the acceleration
will determinethe optics of the transféine. Devices likesepta and kickers should imeluded
in the design. The goal is et 100% tansmission irthe transfer line and no degradation of
the beam performance ahe entrance of the nexnachine or inthe detector.Many
computational tools used fdreamtransport in transfelines are those used fdmear or
circular accelerators. Therefore, specific development isequired and thenames of the
programs dealing with such issues are mentioned later on in the text.



4. AN EXAMPLE: THE CLIC TEST FACILITY (CTF)

In 1985, afirst proposal[7] for the CLIC project wasnade.For this new accelerator
project, where an electron beam collides with a positron beam, the choice for fileguifcy
is 30 GHz. Atthis frequencythere is nodevice available which is able to delivenough
power to accelerate thibeams.For the collision energy(500 GeV), anelectric field of
80 MV/m is required irorder to keep théength ofthe linearaccelerators reasonaliie the
range of 4 km).

Therefore, the guidénesare: "invent a devicdtype klystron)which is able to deliver
several tens of MW at 30 GHz apdove that igpossible to accelerate an electimeam with
such a device". The goals are:

i)  production of an accelerating gradient of 80 MV/m
ii)  prove that the RF structure is able to sustain such a high electric field.

We will see how the proposed steps for an acceledssign, with the corresponding
computational tools, can be applied.

5. BASIC IDEAS USING A PENCIL AND PAPER

When itwas decided to produce a 30 GHz p¥wer source from an electriweam, aough
investigation showethat a shorpulse(10 ps)andhigh chargg20 nC) were requiredhfter
having analyzed almosil classical machines, lecame cleathat both parameters were not
achievable simultaneouslyherefore it was necessary find a new source producinguch
electron pulses. The choice was madé¢hm direction of photo-electrons: a photo-cathode
illuminated by a laser pulssould beable toproduce such aeam. Figure 1 showte first
layout of the CTF.

A

- <" TRS

i - Las | 3 r T,
# { tas e
] -\"'- A
= 5l Ha Wi -
i |

-

i1
b 1 |
| Phoss shiljef hed

RE GUN ! J ]

e A
SN —1 -/

{::'.-.

LAS: LIL Accelerating Structure: itis a 4.5 m long travelling-wave structure (3 GHz)
TRS: TRansfer Structure: it is a CLIC decelerating structure (30 GHz)
CAS: CLIC Accelerating Structure (30 GHz)

Fig. 1 First layout of CTF



6. ANALYTICAL CALCULATIONS USING A POCKET CALCULATOR

A pocket calculator is aommon computational toddut very useful inthe accelerator
design. Based on the CTéxample, an exercise gbugh estimations, for therder of
magnitude, is proposed below.

The electricfield generated by a singleunch crossing a RBtructure isgiven by the
following formula:

E = - 252 q () (1)

wherew , is the RF anguldrequency,r, thenormalised shunt impedanagthe charge and
F(A) the form factor of the bunch.
The peak power at the exit coupler of the structure is given by:
W, I
P, = —Z v, q’ F?) (2

wherey, is the group velocity.
Now (seeFig. 1) if the exit ofthis first structure (TRS) is connected to a second
structure (CAS), then the accelerating fidtd, in the second structure, is given by:
wOTf
2Q

wheren is the transfer efficiency between the two structuress the filling time andQ is the
quality factor. The input data necessary for the calculations are the following:

W, o
2

E,=n q F(8) exp(-—=) 3)

W, = 21 x 30GHz
r, =R /Q=26.2kQ/m
v, /c = 0.082
Q = 4224
= 0. 287m
T = 1]y
n = 0.92

By virtue of (3):
E,=1.755 x 16°q F().

The goal beinds, = 80 MV/m, one finds:
g FQ) = 46 nC.

Table 1 gives the results of the rough estimations if the form factor is equal to 1.



Table 1
Electric fields and power for CTF

Parameters Values Unit
Chargeq 46 nC
Power P1g 63 MW

113 MV/m

U

Peak decelerating fiel&; on axi$

From these rough estimations, one raaginethat a singldounch of 46 nC with a form
factor close to 1 (i.e. bunch length [FWHH] of 5 pd) wot beeasy toproduce andransport.
Also a peak electridield of more than 100MV/m on axis isnot a currenwalue for an RF
structureand will require a careful design. pocket calculator isufficient to estimate the
main parameters at this step of the accelerator design.

7. COMPUTATIONAL FACILITIES FROM A DESKTOP COMPUTER

7.1 First model of accelerator design from analytical calculations

It is often possible t@ive analytical expressions to calcul#te beam dynamics in a
given accelerator as a first modedfor examplethe paraxial equation is used asfiest
approximation inmany designs. Referencd4,2,3] providebasic equationgor linacs and
References [5,6] for cyclotrons.

Coming back tahe CTF, it was found afteexperimentghat the space-chargdfects
combined with large dispersion die first optics had an effedbo significant toreach the
expectedbeam performancé herefore it was decided wmplify the optics for the electron
beam(i.e. no bends betwedhe gun and the subsequent acceleration) and shorten the path
length ofthe beam alow energy.But as aconsequence the optics for tlaser became more
complicated to correctlylluminate the photo-cathode. Aew RF structure (Booster) was
added to decrease the space charge-effects at low energy. Figure 2 shows the layout of the
new design.
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An analytical modelas developed on a desktop computertt@a new layout. Figure 3
givesthe beam envelopbetween the photo-cathode and the RF trarsfecture (TRS) at
30 GHz.
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Fig. 3 Horizontal beam envelopes

It is worthwhile to mentioranotherproblem for thidacility. Although thedifferent steps
were respected in thaesign of such a linearccelerator, it was founekperimentallythat it is
still not straightforward to reach the goals. Sevefédcts werenot taken into account in the
various simulationcodes(high currentdensity onthe photo-cathodeheam loadingwake
fields, misalignments,.). Therefore, a new idea wasoposed, to produdeng pulses at the
source withhigh charges, accelerate them, and compress afterwards in a damgphessor.
After some studies of existing devicébree dipolesg magnet, wiggler) and after rough
calculations, theonclusion forthe best solutioseems to béhe manetic bunch compressor
with three dipoles. Aranalytical modelwas developed. Figure 4 givéise trajectory of the
reference particle inside the bunch compressor.
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The main characteristiege derived from anatrix product of threalipoles andwo drift
spaces. Thbeamparameters at theutput of thebunchcompressor argiven as a function of
the beam parameters at the input by the following expression:

Uux gx g
0, O [ 4ptana +2d /coda O 0 B 0, O
0 1 0 0 2 0° 0
af O _ af 0
T % 0 1 4p(tana a)+21ltar’:a% p0
dp B 0 0 1 0 Hpf
output input

The final equation which gives the compression factor is:

AK:(4p(tana -a)+2d tar’ra)A—pp

whereA/ is the pathlength difference fronthe reference particle at the exit of thench
compressor,
Ap . ,
— is the relative energy spread,
p

p is the curvature radius of the dipoles,
a is the deflection angle of the dipole,
d is the drift space between each dipole.

For this sub-system, aftéravingdeveloped thanalytical modelpne can use a tracking
program to optimise it (see 8.1.3).

7.2 Exchange of software sources and data

One of the advantages of working omlesktop computer is thaossibility to develop
one’s own software. It is alslelpful to receive or tesenddatafiles without having to
recreate them. An inpdile which alreadyworked correctly for ajiven accelerator (linac,
cyclotron) is venybeneficial ifoneonly has to changsome inpudata in order to adapt it to
anotherspecific design.The possibility to receivdiles containing a magnetic or electfield
map fromthe person whonadethe measurements is a béglvantage. The acceleratigsign
will be improved if the measured fields are used rather than an ideal or a simplified distribution.

Last but noteast the program written ondesktop computewill always be available in
the form preferred by the user and will not be modified by the Computer Central Facilities.

7.3 Graphic plots and schematic drawings

Although millimetric paper isstill useful, the possibility to plotvarious graphics from a
desktop computer represents an enormous advantagealtdst impossible to mention all
existing software withfacilities to plot graphic§EXCEL, Cricket graph, Canvas,...). A tool
like MathCad allows interactive calculations from mathematical formulae and enables
simultaneous plotting of any corresponding graphics related to the formulae.



7.4 Desktop computer versus large computer

For the purpose ahis contribution,both computers haveeen mentioned separately.
However, with thencrease othe computational power of the desktop computers|irttits
between them tend taullify eachother. Several computationabols can be run with almost
the same facilities inboth types of computers, at least those concerned by the accelerator
design.

8. SIMULATION CODES FROM LARGE COMPUTERS

One can split intawo mainfamiliesthe sophisticatedimulationcodesrunning on large
computers; those related to theam dynamicend those related to traesign of particle
accelerator devices. Often they contain more than 15000 lines of standard FORTRAN-77. The
minimum time of execution is an important feature for the big codes.

8.1 Beam dynamics simulation codes

8.1.1Example of an electron linac

An electronlinac can be modelled with the thrdellowing codes:EGUN for the
thermionic gun, PARMELAor the bunching system anBRANSPORT for theaccelerating
sections.

EGUN [8] computes trajectories @ins and electrons in electrostatic and magnetostatic

fields. It includesspace-charge effects and self magniids. It assumes eitherractangular

or a cylindrical symmetryMagneticfields may beused from POISSOMNutput or from an
externally calculated array tie axial fields.New versions oEGUN have kben implemented
and are alsavailablefor desktop computers. EGUN is distributed by WHrrmannfeldt
(SLAC) for a fee. Figure §ives an example &GUN outputfor electron trajectoriesoming
from a thermionicathodecapable of delivering up to 15 A with pulses ofr&) An external
magnetic field of 0.2 T is applied at the exit of the anode.
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Fig. 5 Beam trajectories from a thermionic cathode calculated using EGUN



PARMELA (Phase AndRadialMotion in ElectronLinear Accelerator) is aultiparticle
tracking program with space-charge forces. It computes the particle distributioR- in
dimensionaphase space at the exit of each RF celafor bunching systenthe independent
variable being timeThe code generates several typesnitial electron distributiondut the
contour of the chosedistribution should be as close as possiblegh®beam dimensions
derived fromEGUN. Theelectric and magnetifields inthe RF structurean be provided by
Fourier coefficientsfor ideal sine waves or from a table calculated by a code such as
SUPERFISH. External magnefields can be superimposed amy elemen{RF structure or
magnet) in the model. Although the main uses of PARMELA arédoching systems, such
codes can be used sonulatethe beam dynamics in whole linac composed of RF structures
but also of magnets (dipoles, quadrupoles, solenaids,From theoutput data it igpossible
to plot the transverse and tlomgitudinal phase spacesaaty place othe bunching system. In
addition, thebeam envelopes anlde energygain can belottedall along theline. PARMELA
is distributed by Lloyd Young (Los Alamos) free of chargleis code haproven to be a user-
friendly tool and rather powerful in predicting the rdmhaviour ofthe beam. However it is
poorly documented and some laboratories have wisgpenificuser guides [9]. Figure @Gives
the transverse phase space atabput of thebunching system. From such a distribution, it
will be possible to fit an ellipse from whicharameters can be used as inpata for
TRANSPORT. These ellipses provide a good estimation of the transverse beam emittances.
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Fig. 6 Transverse phase space at the bunching system output calculated with PARMELA

TRANSPORT [10] computes the transfaatrix of a beanline (first order up to the
third order). Elements ofthe line could be dipoles, quadrupoles, sextupoles, octupoles,
solenoids and accelerating cavities. Starting fronellse inthe transverselanes, one can
perform thecalculationsall along the line for aiven energy. Asoon agarticles are ultra-
relativisticone can forget the space-charge efféldtss isthe case, in general, at thenching
system exitHowever if the charge isigh inthe acceleratingtructures, anothgghenomenon
appearsbeam loading. By simulation d¢iie extreme energies, TRANSPORT sémulate the
beam loading effects ithe electronlinacs. Fromthe output data onean plot thebeam
envelopes, thenergy gainthe beta functions, thdispersion function. Figure 7 shows an



example of half-beam envelop&%$einitial conditions are takeffom PARMELA output and
an ellipse ofemittance is definefbr 90% and 50% of particles and for given distribution.
Then theoptimisation ofthe optics ismade in such a way to obtaltD0% transmission.
TRANSPORTIncludes fitting conditions whichor example, allow either to obtain given
beam radius (ithe RF structure) or minimum spotsize (on the positron target). It &so
possible to obtain aellipse of enttance for thefollowing transfer line orthe folowing
accelerator.
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Fig. 7 Beam envelopes along the linac calculated with TRANSPORT

8.1.2Example of a cyclotron

As already mentionetbr an electroninac, the designstartswith a crude andimple
model. The desigprocess will then be carried on by iterative steps. Bigecomputers are
necessary to perform detailed and time-consuming calculafans final optimization.
Although the cyclotron is aircular machine,the beam dynamics differs fronthat on
synchrotrons because the patrticle trajectonpoisaclosed orbit. It is @&piral starting from the
center of the magnet amtding upoutside the maggtic field. The design othe magnet is the
most important point. After the simple ananalytical calculations, detailed magnet
calculations, using a finite elementgethod, are performed. First, a 2-D catdves X - y
problems whereghe thirddimension is longnough to be “seen” asfinite. Axisymetric 3-D
problems can be solved by a 2-D code.

Secondly, a 3-D code is used to be as close as possible to the real device.

Finally magnetianaps, from2-D and 3-D codes are elaborated in the cyclotnedian
plane. Then, thewre used as inputata tospecific programswhich calculatethe particle
trajectories. The main output parameters are the frequeray e integrateghase shift and
the betatron frequencies.



8.1.3Example of a sub-system

When it is necessary to handle higharges where the space-chagjfects are not
negligible, asophisticated code like PARMELA becomes indispensdiile.example of the
longitudinal phase space for the bunch compressor in the CTF is given below.
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Fig. 8 Longitudinal phase space at the buncher input for low charge

Figure 8 giveshe distribution of 100 particles before thenchcompressor (Fig. 4).
One can derive the phase extension)(28d the energy spread (+ 1 %) of the bufiiure 9
shows thesame distributiorafter thebunchcompressor. Theunch length becomes j2and
the energy spread remains the same as predicted agalytical calculationdBoth figures are
plotted fromPARMELA outputfor a very low charge. Withhigh charge, the loweenergy
particles in the head of the bunch are accelerated by the space-charge forces anddghgrefore
energy whilethe higher energy particles ithe tail of the bunchare decelerated andse
energy. The global result is a decrease in enspggad and can be evaluatay with a
sophisticated code.
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Fig. 9 Longitudinal phase space at the buncher output for low charge



8.2 Component design simulation codes

In all accelerators, there aszveral types of components and deviadsch perform
various functions: acceleration, bunching, focussing, injecéirtmaction, monitoring. As for
the beam dynamicene candivide the components inttwo mainfamilies; one deals with the
longitudinal plane and the other with the transv@isaes. To illustrate such simulatioades,
one example of each family will be considered.

8.2.1 RF cavity design: SUPERFISH code [11]

This simulation code evaluatédse eigenfrequencies arttie fields for arbitrarily-shaped
two-dimensional waveguides in Cartesian coordinates, #mde-dimensionalaxially-
symmetric RF cavities in cylindricaloordinates. SUPERFISH calculatase varyingfields
and spatial RF fields. It can also calculate quantities wdmielrelevant for thdesign of drift-
tube linacs (transit-timgactor, power losses,.). It contains subroutines to generate rtiesh,
to definethe lattice, tosolvethe equations and to plot tfields. Figure 10shows theelectric
field calculated by SUPERFISH for the RF gun of the CTF. It is a standing-staweure
with cylindrical symmetry. The density of the field lines can be changed according to the needs.

r Beam axis zZ

, 1/2 +1 cell cavity F =3003.054 MHz

Fig. 10 Electric field in the RF gun from SUPERFISH calculations

From theoutput of SUPERFISH, théollowing parameters are deduced: tteality
factor Q, the shunimpedanceRs the powelP, corresponding to the requested eledigld
Ez and thestoredenergy. Alsathe ratio of the peak electrield to the acceleratinglectric
field is given. For example,the RF gun shown in the Figul®, has a shunt impedance of
1.6 MQ. For the nominal peak electric field on thi@oto-cathode of 100 MV/m, the requested
RF power is 5.9MW. From thisdata, onecan calculate theecessarypower that &lystron
should deliver according to the loss along the RF line.



8.2.2 Magnet design: POISSON code [12]

This simulation code is a finite-element triangular-mesh which performs two-dimensional
calculations for electrostatic, magnetostatic and temperature distribution problentad€he
solves Poisson’s or Laplace’s equations2#D regions anchandles problems witliinite
permeability iron but not with permanent magnets. Several laboratories hmagle
improvements (LANL, BNL, LBL, Texas Accelerat@enter, CERN, ...)The code contains
sub-routines like AUTOMESH, LATTICBEyhich give tothe user more control over the type
of mesh to bgeneratedDifferent mesh sizes can lised aiany number oplaces. Figure 11
gives an example of a mesh for a solenoid. Miesh is finewhere thebeampasses. Figure 12

shows a plot of the magnetic flux lines.
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Fig. 12 Magnetic flux lines inside the solenoid of Fig. 11



9. COMPUTER CODES FOR PARTICLE ACCELERATOR DESIGN

Many useful codes are widely distributed but several users make their own improvements
and theoriginal authorloses control. With each new generatiorhwh energyaccelerators,
limitations inthe existingcodes are found and therefore itnscessary either to improve an
existingcode or to write a new one. The consequence is oftleiplecation ofthe effort and a
proliferation of differentcodes. When asimulation code provides anutput which is
inconsistent with the@xperimental results or whehe data aresuspicious, one shouitiake
comparisons with anothemilar code. Butthen ariseshe problem of different types of input
andoutputand thedifferent theoretical approaches. Tablkss some othe simulationcodes
presently available (alphabetic order).

Table 2
Some current simulation codes
Use Codes
Beam Dynamics:
- Linacs DYNAC, FLUX 2D, ITACA, MAPRO, PARMILA,
PARMELA, ...

- Cyclotrons NAJO, RELAX 3D, ...
- Circular machines ABCI, MAD, PATRAC, PATRICIA, SAD, ...
- Transfer lines TRANSPORT, TURTLE, ...

Component design

- RF cavities MAFIA, SUPERFISH, ...

- Magnets PE2D, POISSON, TOSCA, ...
- lons and esources AXCEL, EGUN, ...

- Klystrons RMKT, ...

For thedesign ofthe next generation dfigh energyaccelerators, there is a strowgsh
to establish an international collaboration and even an internatendtr for accelerator
codes. However it is nabvious how such collaborations cdeal withthe various types of
machines and with the different types of particles. For the time being, each laboratory involved
in the design of accelerators usdbe widely distributed codes like TRANSPORT,
SUPERFISH, POISSON, and develops its own codes forspezific applications. A
compendium has been publishedtlg Los Alamos Accelerator Code group [¥8jich gives
a description of 203 codes used in 10 laboratories around the world. Thoughoit as
exhaustive list, it represents wseful documentor those who ardooking for existing
simulationcodeswhich could cover thespecific problem they have to deaith. Some new
improvementsare not reported in [13]. Fagxample, starting withthe sameapproach as
MAPRO and PARMILA(protonsand ions), the code DYNA(1] provides a bettesiccuracy
and can also be applied to electrons.



10. CONCLUSION

Whatever accelerator desigme has to elaborate, it wdlways be necessary tse a
pencil and paper to express the basic ideas to be submitted to discussion and critics.

It is fundamental to develagnalytical models irder to understand thergile physics
principles and for that a pocket calculator will always be useful and sufficient.

Finally when the physics is sufficientlyunderstood, it igime to move to adesktop
computer or a large computer to run sophisticated cotieh, when theyare correctly used,
allow arather gooddescription of the new acceleratesign and save time since it is not
necessary to build a prototype (magnet for example).

The door is still open to develop new simulation codes to take into accowetrytegh
charges with their related effects, the superconductivilipacs, cyclotrons andthercircular
machines, and the high energies of the future accelerators.
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