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Abstract

The design process and the operation of particle acceler-
ator machines can advantageously be assisted by fast online
beam dynamics simulations because of its flexible param-
eter variation combined with nearly simultaneous solution
responses providing a detailed insight into the actual ma-
chine status. Based on the moment approach a fast tracking
code named V-Code has been implemented at TEMF. At
the Superconducting DArmstädter LINear ACcelerator S-
DALINAC the V-Code is used during the design process of
the injector for the new 100 keV polarized electron source
but is also supposed to be employed at the control system.
For these purposes an implementation of fringe field alpha
magnets is mandatory. In this paper a summary of issues
regarding the implementation complemented with simula-
tion results will be provided.

INTRODUCTION

At the Superconducting DArmstädter LINear ACcelera-
tor (S-DALINAC) a new 100 keV polarized electron source
is currently being installed. Therefore, a new low energy
injection concept has to be designed. The most important
components of the injector are a polarized electron source,
an alpha magnet and a Wien filter used for spin rotation
together with various beam forming elements. The polar-
ized electrons extracted vertically from a photo cathode are
bent into the horizontal injector beam line with the help of
an alpha magnet. Unlike a classical alpha magnet designed
as a half quadrupole given for example in [1], the hyper-
bolic poles of the installed alpha magnet are supplemented
by a dipole like extension in order to achieve a 90◦ bend-
ing angle. In Fig. 1 a schematic computational model of
the realized alpha magnet is visualized. Within the V-Code
simulation tool the beam line is represented as a consecu-
tive alignment of separate independent beam line elements.
This procedure allows to simulate even a very long beam
line with minimum requirements to the computer memory.
In order to be able to simulate the hole injector an imple-
mentation of alpha magnets was missing so far.
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NUMERICAL MODEL

The V-Code simulation tool is based on the moment ap-
proach to beam dynamics. Instead of using the particle
distribution itself this method applies a discrete set of mo-
ments of the particle distribution. The time evolution of
each moment can be deduced from the VLASOV equation
when suitable initial conditions are given and all essential
external forces are known. These forces are given by the
LORENTZ equation in combination with the distribution of
electric and magnetic fields obtained during a preprocess-
ing step.
The required three-dimensional field distribution in the im-
mediate vicinity of the particle trajectory can be recon-
structed from extracted one-dimensional field components
by means of a TAYLOR series expansion. This allows to
considerably reduce the size of the required field data in-
side a specific beam line element.
A precise description of the numerical model is given in
[2]. Details about its implementation in V-Code are pub-
lished for example in [3] and [4].
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Figure 1: Schematic computational model of an α-magnet
including the excitation coils and the high permeable yoke.
For visualization reasons the upper corner of the housing
and the yoke have been cut away. Additionally, a typical
particle trajectory is specified as a reference path.
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Magnetic Field Calculation

The particle tracking in external magnetic fields requires
the detailed knowledge of the local field distribution which
can be determined for example with the magnetostatic
solver included in the CST Design Environment. From the
precise field data one can extract the necessary multipole
components and provide those information in a very effi-
cient manner for further usage. In V-Code the full field can
be reconstructed and evaluated particularly in the vicinity
of the bunch trajectory. Due to the layout of the magnet it
is sufficient to evaluate the field along the longitudinal axis
z while it is assumed to be constant in transversal direction.
In Fig. 3 the important vertical component of the magnetic
flux density is displayed.

Multipole Expansion

In order to determine the components which have to be
considered in the multipole expansion, one can analyze the
tangential field component on concentric circles of differ-
ent radii along the longitudinal axis of the alpha magnet.
In Fig. 2 the calculated multipole coefficients are shown in
logarithmic scale. From the plot one can see that the sextu-
pole part forms the most eminent disturbance to the dipole
field. Since the magnitudes of all higher order multipoles
are at least two orders of magnitude smaller than the dom-
inant dipole component even for the pessimistic evaluation
radius r = 6 mm we neglect all multipole parts except the
dipole field in the following.
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Figure 2: Normalized multipole moments of the magnetic
flux density evaluated on concentric circles of different
radii in the center of the α-magnet.

Reference Path

Within the V-Code simulation tool the entire beam line
is represented as a straight line directed along the z axis.
This requires for a beam line element like the alpha magnet
the definition of a curved reference path, determining the
nominal length inside the beam line. A suitable reference
path can be attained for example by tracking a single parti-
cle with proper initial conditions in the provided magnetic
field.
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Figure 3: Vertical component of the magnetic flux density
inside the α-magnet normalized to the absolute maximum.
Geometric details are specified in Fig. 1.

IMPLEMENTATION

For accuracy reasons it is not advisable to calculate
and visualize the bunch evolution in the same successively
rotated coordinate system. A more accurate proceeding
avoiding the accumulation of errors due to rotation is il-
lustrated in Fig 4. At the beginning a coordinate transfor-
mation is performed to align the global primed coordinate
system with the unprimed system in which the field com-
ponents are reconstructed and the bunch evolution is cal-
culated. The simulated bunch parameters are plotted in the
visualization pane relative to the reference path using the
double primed coordinate system. For this purpose the nor-
mal projection from the actual bunch position (z1, x1) onto
the reference path (zs, xs) and a local coordinate trans-
formation for the first and second order moments is per-
formed. At the end a final transformation from the un-
primed to the triple primed coordinate system is necessary
in order to orient the global system along the subsequent
beam line.
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Figure 4: Typical projected bunch trajectory together with
the predefined reference path for the α-magnet setup spec-
ified in Fig. 1.
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SIMULATION

In order to study the applicability of the preprocessing
steps and the implementation of the proposed scheme the
simulation results from V-Code are compared to simulation
results obtained with a reference tracking code based on the
so called Boris algorithm [6] as well as results extracted
from the particle tracker integrated in the CST Design En-
vironment.
In Fig. 5 and Fig. 6 the evolution of the center of mass of a
nearly point-like bunch equipped with a vertical offset of 1
mm from the reference path is tracked with V-Code and is
compared to trajectories of individual particles calculated
with the Boris algorithm and with the CST particle tracker.
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Figure 5: Simulation of the horizontal evolution of two in-
dividual particles with 1 mm vertical offset from the sym-
metry plane within the α-magnet.
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Figure 6: Simulation of the vertical evolution of two sin-
gle particles with 1 mm vertical offset from the symmetry
plane within the α-magnet.

In Fig. 7 and Fig. 8 the focusing behavior inside the alpha
magnet is illustrated. From the CST Design Environment
the bunch dimensions were obtained by tracking a bunch of
particles through the build-in particle monitors placed or-
thogonal to the reference path inside the alpha magnet. In
V-Code the horizontal and vertical bunch dimensions are
calculated from the global coordinates by means of coordi-
nate transformations as explained in the previous section.
In all tracking routines space charge effects are neglected.
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Figure 7: Simulation of the horizontal focusing behavior
within the α-magnet.
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Figure 8: Simulation of the vertical focusing behavior
within the α-magnet.

The provided charts show that the center of mass as well
as the transversal beam dynamics are precisely modeled in
the new beam line element in V-Code.
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