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Abstract
2 THE GPT CODE

The General Particle Tracer (GPT) code provides a
new 3D simulation package to study charged particle1 A brief description

dynamics in electromagnetic fields. Because of its )
modern implementation, GPT can be conveniently The purpose of the General Particle Tracer software

customized without compromising its ease of usép’ackage [2] is to aid in the design of accelerators and
accuracy or simulation speed. beam lines by wusing modern, particle tracking
The most common use of GPT is accelerator arJ['achniques. GPT is a'3D particlg trgcer developed 'Fo
beam line design, especially the calculation of non-linegfmulate charged particle dynamics in electromagnetic
3D space-charge effects. A typical example is the studi!ds: , ,
of the effect of different bunch charges in a bend system. 1"€ GPT inputfile language supports the use of
One of the advanced GPT features is the possibili§piables, functions and algebraic expressions, thus
to solve additional differential equations while tracing!Ving the user great flexibility. Automatic parameter
particles. Using this mechanism, the generated EM wavga"Ning is also incorporated. GPT has a large set of
power spectra in an undulator and the effect of beamiandard elements, i.e. sector magnets, quadrupoles,
loading in a traveling wave linac are calculated self0lenoids and —accelerating structures. Additional
consistently with the particle trajectories. elements can easily be developed_ gnd exchanged with
GPT is currently being applied to the design of th@ther users. Elements can be positioned anywhere and
energy recovery system of the 2MeV, 12 A Fredvith any orientation in 3D space. The effect of fringe
Electron Maser under construction BOM-Rijnhuizen. 1€lds can also be simulated. _
The required 99.8 % beam recovery and the initial CP! tracks ~ macro  particles —through the

energy spread of 300 keV ensure this to be a challengifffciromagnetic fields and offers complete freedom in
GPT project. the initial particle distribution. The space-charge forces

are calculated from full 3D relativistic particle-particle
1 INTRODUCTION interaction [3]. To ensure both accuracy and speed, an

. o ) . embedded fifth order Runge-Kutta method with adaptive
Particle tracking is a very powerful tool in the des'g%tepsize control [4] is used to solve the equations of

of accelerators or beam lines. Computers however usgghiion of the particles in the time domain. Additional

to be too slow to trace the amount of particles needed §ferential equations can be solved while tracking the
obtain good statistics in a reasonable amount Bfarticles, ensuring self-consistent results.

computing time. Therefore the particle tracking method T data-analysis and plotting capabilities of GPT

was often abandoned and especially matrix/optic@lymplete the possibilities of the package. GPT is written
methods became popular. These alternative methadsans|-c for portability and runs on UNIX platforms
however have their limitations. Especially when spacgjg pc’s. Furthermore a user interface with on-line help

charge effects are important, they are inaccurate or cgpy graphical output is available for Windows 95/NT.
not be used at all.

Because of enormous advances in comput@2 Different types of particles
Ly PoSSie 10 rack IhOusande o G has iways been capble of simlatng any e
ZII 3D effects agnd s age—char e forcegs into account T8|g particle. Electrons, positrons and ions can all be

b 9 . ' l%lmulated. In addition, the new GPT kernel is capable of
offers much more accurate and reliable results than

) . imulating different types of particles simultaneously
matrix codes. The Ger!gr.al Eart|cle Tracer .(GPT [1 nd can calculate all 3D space-charge effects among the
offers all of these capabilities in a very user friendly an

easy to customize package. Due to the general chara aé\Fticles.
4 P i ! Particle sets can be used to sort different types of

of the code and its flexibility, GPT is suited for a Iargeparticles. For example electron and positron beams can

number of purposes. . ; ; T
. - be simulated simultaneously. The merging and colliding
The main features of GPT, new additions to th f various beams can be simulated.

package and selected cases that highlight the capabilities
of GPT are presented.
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2.3 Field maps 157

Field maps are a convenient tool to importEl'
A . : £ 131

electromagnetic fields, for example obtained with ag ., |
Poisson  solver, into GPT. Electrostatic andg
magnetostatic field maps for 2D, 2.5D and 3D problemsg tiT
can be imported. The specified fields must lie on a3 - |
equidistant rectangular grid, allowing the code to
immediately find the enclosing square or cube. All 08 ‘ ‘
interpolations are performed bilinearly to further 15 -1 0.5 0 05 1 15
improve the simulation speed. Furthermore, standing and Energy spread [%]

traveling wave resonant cavities can also be simulated.Figure 2: Bunchlength as function of initial energy
spread at the exit of an isochronous bend system. The

3 APPLICATIONS corresponding bunch charges are indicated.

0.9 -

To demonstrate a few of the capabilities of the GP3.2 Accelerator design
package the following cases are examined: Basic beam
line and accelerator design, simulation of a free-electron .
laser and the highly specialized design of a depressg/c%b;Ecl?rfgca::(:t?orgga\[/%l'nge\évsalse %l:r;ﬁgelgvaog?‘\g?d by
collector. A : gy of

the electrons emitted by the gun (100 keV), space-charge
3.1 Beam line design effects are very important in the first section of the beam
. L . ._line.

Qne of the main gppllcatlons of GPT. is beam line free-electron laser (FEL) employing a RF-linac
d_eS|gn._ It 1S esp_eC|aIIy useful for h'gh accuracyccelerator as injector, is very sensitive to the amplitude
simulations '”C'“‘?"r.‘g _space-charge. . Th_|s . examplg d phase of the RF power applied to different parts of
presen_ts a beam injection system, which in its normgle injector. The microbunches need to be reproduced
mode is |sochr0n0us_ [5]. The system uses bbbt actly alike and at the same intervals to build up the
number of _magnetlc components, 3-4  dipoles, diation in the optical cavity. Furthermore the shift in
guadrupole triplets and 6 sextupoles. verage energy during a macropulse due to imperfect

. lt:rl]gure 1tshowsTLhe e\_/olultlct)_n of the rms-bfunchlgn?t ability of the RF sources should be small compared to
In the system. € simulations are periorme e energy spread within a single microbunch.

different settings of the bunch charge, hereby affecting In FELIX the buncher and linac are fed from a

the space-charge forces. Without space-charge, tE'&mmon source. Figure 3 shows the final energy as

simulations agree with the predictions of thq . : :
unction of the RF phase. The different lines represent
TRANSPORT code [6]. $re-charge has a large effecty,o yiterence in operating phase of the linac in degrees

on the bunchlength in the secont_j part of the sygte[%m the top of the wave. Between -5° and -10° the
However, due to the careful positioning of the varioug .+ energy is almost independent of the input RF
bea”.” I|(;1e cc;mponents, the final increase rema”bsf']ase. This operating phase will produce the greatest
resltr;cje to a few percent. micropulse to micropulse reproducibility.
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The FELIX accelerator consists of a standing wave
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Figure 1: The effect of space-charge on the evolution of . pase .
the bunchlength in an isochronous bend system. Figure 3. Outpgt energy after the bunch.er and Ilna(; of
FELIX as function of RF phase for various operating

goints of the linac.
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An important consideration in the design of this typ
of system is the effect of energy spread in the initial I .
beam. Figure 2 shows the influence of energy spread on GPT has the possibility to solve additional user-

the rms-bunchlenth, at the exit of the system Th%oecified differential equations while tracking the
various lines represént different bunch charges. particles. Using this option, the beam-loading field in the
constant gradient FELIX linac is calculated from the
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particle trajectories in the above results. This method
ensures that the beam-loading wave has the correct
phase.

3.3 Free Electron Lasers

The completeFOM Fusion FEM [8] bam line has
been simulated using the GPT code. During the
commissioning of the first part of the beam line, the
settings predicted by the simulations were proven to be
accurate within a few percent.

Additional differential equations for the amplitude
and phase of the various longitudinal and transverse
modes in the waveguide of the FEM are solved whil
tracking the particles. This enables multi-mode, multi- 7
frequency examination of the modes in the cavity and . .~ -
their influence on the particle trajectories. The meth
was used to optimize both beam transport and out

power. Fi R :
. o . gure 5: Primary electrons in the FEM depressed
Figure 4 shows the energy of the individual part'd?\iollector. The tail of the vector is proportional to the

going th_rough the step-tapered undulator O.f the FE ‘nergy of the particle. The energy of the incoming beam
The particles, on average, lose energy to build up outpr%tnges from 75 keV to 425 keV
power, at the cost of an introduction of an energy sprea |

of 300 keV. In the actual collector the beam will be rotated

slowly by two sets of coils to homogeneously distribute
the dissipation over the collector plates. The analysis of
the effect of scattered primaries and secondaries is
scheduled to take place in the upcoming months.

1851

4 CONCLUSION

1551 / \/ eI The high accuracy, the possibility to add custom
Undulator 1 ‘ Undulator 2 ‘
150 ‘ ‘ ‘ ‘ ‘ ‘ + code, the large number of standard elements and the user
0 0.5 1 15 friendly interface, all make GPT an attractive analysis

Longitudinal position [m] tool. Also the possibility to add self-consistent

Figure 4: Snap shot of the energy of individual particles. : :
of the beam on flowing through the FEM undulatorsalﬁerent'al equations makes GPT a powerful tool for the

The loss in average ener is contributed to t design of accelerators and beam lines, and even FEL's.
o 9 9y h‘Fhe current status of the GPT project can be found on
radiation. )
the web ahttp://www.pulsar.nl/gpt

3.4 FEM depressed collector design
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