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Abstract

The driving terms of instabilities in particle accelerators
depend on the beam surroundings and can be estimated
from the wake potentials along the beam path. In order
to calculate these potentials an accurate knowledge of the
short range wake fields induced in the different accelera-
tor components with geometrical discontinuities is neces-
sary. The computations of these wake fields is a challeng-
ing problem, as an accurate resolution for both the small
bunch and the large model geometry are needed. Here
we report numerical results of wake potentials on differ-
ent structures of the RF electron gun of the Photoninjector
Test Facility at DESY Zeuthen (PITZ). Details of the spe-
cialized code developed for the wake field simulations are
mentioned.

Introduction

The X-FEL project requires high quality beams with
ultra-short electron bunches. In order to predict the energy
spread and emittance growth of such bunches, an accurate
knowledge of the short range wake fields is necessary. The
effect of the wake fields on the bunch of particles can be
estimated by calculating the so called wake potentials [1].

Simulations of wake fields from short bunches of parti-
cles in accelerators are difficult to perform, since high com-
putational resolution is required due to the high frequency
fields excited by the bunches. So, the abilities of codes such
as MAFIA are limited due to the huge amount of memory
needed. For that reason, especialized codes have been de-
veloped to deal with these large wake field simulations [2].

In the following we present results from wake field simu-
lations with the recent developed code Parallel Beam Cav-
ity Interaction (PBCI) [2]. The PBCI code was designed
for massively parallel wake field simulations in arbitrary
three-dimensional geometry. The algorithms used include
a purely explicit and dispersion free split-operator scheme
as well as a domain decomposition approach for highly
balanced parallel computations [2]. The Finite Integration
Technique (FIT) [3, 4] is used for the spatial discretization
of the wake fields. In order to reduce the amount of mem-
ory needed, and since the PBCI is a dispersion free code in
the longitudinal direction, a moving window technique has
been successfully implemented.
In our numerical simulations we calculate the longitudinal
wake potentials and by applying the Panofsky-Wenzel The-
orem [1] we obtain the transverse wake potentials.
Example: the double cross section of the PITZ injector

For very dilute beams, the direct electromagnetic inter-
action between particles can be neglected against the steer-
ing external fields imposed by the accelerator, implying
that a bunch of particles can be represented by a simple
distribution of charge density moving with ultra-relativistic
velocity. This distribution of charge density in our code is
assumed to be Gaussian in both the longitudinal and the
transverse directions. We note that wake potentials de-
scribe the momentum change of a test charge particle when
interacting with the wake fields. This interaction depends
on a distance s to the bunch head [1, 5, 2].

In Fig. 2 we present an example of the numerical calcu-
lation of the longitudinal (Wz) and transverse (Wx) wake
potentials for the diagnostics double cross section of the
PITZ injector with the mirror included (Fig. 1). Differ-
ent Beam paths horizontal shifted some distance ∆x from
the geometrical center are considered in order to estimate
and minimize the effects of the mirror. We observe that the
effect of the path shift on Wz is small (Fig.2a: different
curves are very close to each other). In contrast, the ef-
fect on Wx is important (Fig. 2b: Wx amplitudes are well
distinguishable from each other). By calculating either the
longitudinal loss factor κz (Fig. 3a) or the horizontal kick
factor κx (Fig. 3b) [1] a minimum at ∆x ' −8mm is
found (In Fig. 1 the beam path is plotted for this case).
This result suggest that in order to minimize the wake field
effect due to the mirror a horizontal shift of the beam path
can be considered.

Figure 1: Diagnostics double cross section of the PITZ in-
jector with the mirror. The beam path (blue line) is shifted
∆x with respect to geometrical center (∆x = 0 corre-
sponds to the main axis of the system).

Further simulations have been done for other parts of
the photoinjector, e.g. the rounded shield of the valve and
the diagnostics double cross section without considering
the mirror [5]. It is alto worth mentioning that we have
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Figure 2: The longitudinal (Wz) and transverse (Wx) wake
potentials vs. the distance s for different shifts (curves with
different colors) ∆x ∈ [-11mm,2mm] (∆x values consid-
ered in simulations can be seen in the horizontal axis of
Figs. 3). In Fig. (a) the Wz curves are very close to each
other. In Fig. (b) bottom-up curves correspond to increas-
ing ∆x values starting from the minimum ∆x = −11mm
to the maximum ∆x = 2mm. The bunch width in the sim-
ulations was 2.5mm.

successfully validate our code [5] against results from the
commercial software CST PARTICLE STUDIOTM [6].

Summary and conclusions

We have developed a code which has been succesfully
applied in the calculation of wake potentials at different
parts of the PITZ photoinjector. We have shown, for exam-
ple, how a simple transversal shift of the particle path can
lead to a minimization of the wake field effects induced by
the presence of the mirror at the double cross section. We
have succesfully validate our code against available com-
mercial software showing that our results are reliable. Fi-
nally, it is worth mentioning that our code is appropriated
for large accelerator structures, e.g the PITZ photoinjector,
where commercial softwares fail due to the large amount
of memory needed. So, possible design and/or operation
optimizations can be theoretically studied.
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Figure 3: The longitudinal loss factor κz (a) and the hor-
izontal kick factor κx (b) vs. the shift ∆x. The dots in
the graphs indicates which values ∆x were considered in
simulations. The parameters are the same of Fig. 2.
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