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Abstract

The MAFIA program TS?2 is a 2 -dimensional. fully relativistic
particle-in-cell code. This code has heen developed at DESY to
study the beam dynamics of charged particles in cylindrically
syimetric structures. e.g. electron guns or ri-tubes. The code
and its main features will be described. Then, as an example
for the wide range of applications for the program TS2, sim-
ulations of the hollow electron beam gun for the Wake Field
Transformer Ezperiment at DESY will be presented.

Introduction

The program TS2 belongs to the group of fully 3-dimensional
MAFIA 1 computer codes. This module iz one of the latest ad-
ditions to this family of well established codes solving Maxwell's
equations. It is one of the new 2-dimensional codes MAFIA.
TS2 solves the field equations and the equations of motion in
parallel self-consistently. In TS2 space charge effects are also
taken into account. The code has been developed to study the
beam dynamics of charged particle pulses due to interaction
with external fields in evhindrical structures. It 1s & nseful tool
for the design and the optimization of structures such as clec
tron beani gans or high power klystrons for future accelerators
as well as for the simulation of existing experimental setups
like the Wake Field Transformer Erperiment. First, we will
give a deseription of TS2, 1ts main features and the computa-
tional methods used in the code. Then we will report on the
snunlation of the hollow electron beam gun for the Wake Field
Transformer Ezperiment at Desy as one application of the pro-
grani. This experiment is described in detail clsewhere 2. The
laser driven hollow beam gun was developed at DESY|3.. The
electrons are extracted from the cathode and accelerated by an
applied puised high voltage between the cathode and the an-
ode.

The MAFIA module TS2

As a part of the MAFIA family of codes, TS2 has the same
structure and makes use of the features of the new release
of MAFIA. One of these new features 1s the unified.menu-
controlled. user interface. All input to the program is done
via commands in specific menus. As an example, in Figure 1
one of the ievus is shown. Here the input parameters of the
bunches. used for a specific simulation, are set. These parame
ters define the kind of particles, the number of bunches and the
number of par-icles in each bunch. the time of emission, and
the type of distribution for the bunches. In other menus. for
example. the namber and kind of external fields or the number
of solenoid-coils are set.

The mesh and the material distribution. nsed in the cal-
culations. are generated by the module M. Up to 64 different
materials can be used in the calenlations. The filling of the
mesheells can be full or triangular. In TS2 it is possible to
pre-load arbitrary shaped static or reconant external fields and
take them as initial values of the electromagnetic field imple-
mented on the mesh. Once they are set up, they do not need
to be treated specially any longer. Thus. this makes approxi-
mations of rf cavity fields like the "port approximation” in the
computer code MASK 4. unuecessary. The external fields are
calculated by the other MAFTA modules. e.g. static fields by
the 2-dimensional static field solver S.

At certain. user defined. time steps the caleulated fields and
particle properties can be printed and written to a direct ac
cess file. This file can be used Ly the Program P. whick post
processes the solutions and displays them graphically.

The MAFIA module TS2 1s a particle-in-cell code. This
wethod of <olving Maxwell’s equations and the equations of
motion self-consistently was first used and developed in plasma
physies’s o Bt it is also used in codes for the simulation of
components in accelerator physies.

Afrer the initial conditions have been defined. the following
thiree steps are carried out for earh subsequent timestep :

- Caleulate the evrrent density at the mesh points which cor-
responds 1o the motion of the particles.

- Advance iclds in tie nxing this evsrent density as a driving
ferm.

- Advance particle trajectories according to the Lorentz force.

Using the finite jutegration theory 6. the felds and the
current density are located in the miesh. The charge distri-
bution in the hoanches are deseribed in TS2 Ly macro particles
winell represent a rigid charge Gistribution o oa voluine cor
responding to abont one cell of the field wmesh. In the pro-
gram. any kind of charged particle can be defined. The code
15 not restrieted 1o the shmmlativn of electron bunches. Typ
ically. one macro-particle represents about 107 real particles.
These macro-particles are chiaracterized by their position (r, 2)

and their normalized momentum @« fu,n, . uw)
The position may be anywhere inside the region covered by the
uiesh. the momentumis treated fully 3-dimensionally. Maxwell s
equatious and the equations of motion are solved by a leap-frog
<cheme.
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. TOTAL NUMBER OF PARTICLES IN ALL BUNCHES 2500 { MAXIMOM: 5000 ) .
. .
* BUNCH. e 1 (1.2. L10) .
« PARTICLES.. .= ELECTRON  {ELECTRON/POSITRON/PRCTON/ANTIPROTON/10N) .
¢ TONMASS . . ~  NOT USLO (MASS 0F TON IN GEV) .
* NUMBER = 2500 (NUMBEE OF PARTICLES) .
* CHARGE . = 2 50000-07  (CHARGE OF BUNCH) .
o TIMCSTER - 1 (TIMESTEP. AT WHICH PARTICLES ARE EWMITTED) .
. .
« QUANTITY - PULSE (RADIUS /PULSE ) .
* WiDTH........= 5.0000£-09  (RADIUS/LONGITUDINAL DURATION OF THE BUNCH) .
* DISTRIBUTION.=  GAUSSIAN (UNIF ORM/GAUSS | AN/PARABCL 1C/SPECIAL ) .
» KIND. . = RANDOM (SYSTEMAT IC/RANDOM ) .
* SHOMW .
» RETURN .
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Figure 1. Menu of the bunch-section of TS2. In this section
some beam parameters, e.g. charge, nnmber of particles, and
the pulse distributions, are set with their initial values
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Figure 20 Lavout of the laser driven hollow beam gun for the 5, i ra
Wake Field Transformer Ezperiment at DESY "

The velocity as well as the smagnetic field must be time-averaged
when the velucity change 1s calculated. Furthermore. the sec-
ond equation is naplicit. In TS2 it is replaced by an exphcit
algorithon: Tn the first step. the wimentum is advanced by half
a time step nsing only the electric field. Then the rotation in
the tmagnetic field is caleulated and finally the second half step
% aceeleration is carried ont.

Ti: order to cecrease noise amplitudes, pyramid-shaped par-
tieles are wsed. This allows a <mooth approximation of any
charge distribution at the cost of second order terms in the
enrrent density caleulation. A charge-ronserving scheme is used
for the deterninanon of enrrent densities in the mesh. This is
the <zame one used in TBCI-SF.7 . Instead of multiplying the
cliarge density by an average velocity, the current is caleulated
as u s of charges which pass a cell wall during one time
interval. The field at the particle position is calculated as a
weighted nean of the fields at mesh points which are covered
by the charge cond represented by a particle.

Only two of the four Maxwell eqnations are needed to ad-
vance the firlds in time.  The others are fulfilled implicitly.
Gauss” Law is used to correct the fields when charge 1s not con
served in the current calenlation. TS2 checks the results every
few time steps.

The Simulation of the Hollow Beam Gun
for the Wake Field Transformer Experiment

At DESY & hollow beam gun was developed and tested. The
pun i driven by a pulsed Nd:YAG laser (wavelength 1.064,m).
The naximnm energy of the laserpulse is 900 mJ. The ring
catlode of the electron gun has a radius of 5.5 em. The elec-
trous are extracted from the cathode by thermionic emission
and thermionic supported photoelectric emission. Then the
electrons are accelerated by an applied high voltage of up to
140 kV. The longitudinal duration of the electron bunch is 5 ns.
the measnred peak current 1s approximately 75 A, The final
diameter of the hollow beam, as measured, is 10 cm and its
thickness is 0.3 mm. The repetition rate for the production of
electron pulses in the test gun is 20 Hz,

Cathode

With the particle-in-cell code TS2 the cathode-anode-confi-
guration of the hollow Leam gun was simulated. The length
of the simulated part of the gnn is 7.5 em. In Figure 2 the
lavout of the Lollow beam gnn. as it was tested at DESY s
chowr. In the simmlation. one hunch with a parabolie shaped
pulselength of 5 ns was ewitted radially from the cathode. In
Figure 3 the simulated cathode anode-configuration with the
electric field is shown. The eathode is on the left. the anode
on the right hand side. In the calenlation the bunch is emitted
with anonitial energy of 10 e\ After emission, the particles
are accelerated by the applied field. In Figure 4 the positions
of the electron hunch, represented by 3000 macroparticles, at
two different timesteps, are shown.
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Figure 3: Simulated structure of the hollow beam gun
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We varied the peak current of the electron pulse between
5 A at 20 kV and 75 A at 140 kV of the accelerating high
voltage. With a simulated current monitor, 5 mm behind the
anode, we observed parabolic shaped current distributions with
peak values between 5 A and 75 A. The increasing kinetic en-
ergy of an electron bunch, accelerated by the field between the
cathode and the anode, 1s shown i Figure 5.

Then we increased the charge by a factor of two. As a re-
sult of these caleulations, we found that the peak current at
the position of the monitor decreased. For an applied voltage
of 80 kV and zn initial peak current of 60 A the peak current.
seen by the simulated monitor decreased to 50 A The same
ratio of initial to final peak current was found for a voltage of
100 XV and 100 A initial peak current. For an applied voltage
of 140 kV, the final peak current is reduced by nearly 30 5
from 150 A te 109 A, This can be interpreted as an effect of
the space-charge forces.

Fignre 4: Position of the emitted electron hunch at two dif
ferent timesteps
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Figure 3: Kinetic energy {keV) of the eletron bunch. The
applied voltage is 140 kV
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