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Abstract
In order to fulfill the target performance of Elettra 2.0

light source, a brand new button type beam position mon-
itor detector has been developed. From a theoretical point
of view, the transfer function which relates beam position
information to electromagnetic signal intensity induced on
pick-up electrodes is well known. In practice, due to a num-
ber of constraints, a real device implementing this transfer
function is difficult to manufacture. In this paper, a series of
practical design considerations involving electromagnetic,
mechanical, vacuum, maintenance, and cost issues are re-
ported to illustrate the advantages and disadvantages of the
conceived constructive solutions.

INTRODUCTION
The existing third-generation Italian synchrotron radia-

tion facility Elettra [1], is going to be replaced by Elettra
2.0 [2, 3], an ultra-low emittance light source able to provide
ultra-high brilliant and coherent photon beams. The quality
of the photon beams relies both on the careful design of the
machine optic and on the ability to maintain the optic set
point stable in practical working conditions. A number of
diagnostics and feed-back systems, each to the extent of its
competence, will be in charge of ensuring the proper level
of operating stability by promptly detecting and fixing any
drift from the Elettra 2.0 target working point. In particu-
lar, the beam orbit diagnostic system [4, 5] will acquire the
signals generated by about 168 beam position monitor elec-
tromagnetic sensors (BPMs), distributed all over the ring.
This paper describes the preliminary study of two different
button type (capacitive or electrostatic) BPMs to be used in
the Elettra 2.0 storage ring.

BPM AS ELECTROMAGNETIC
FIELD SENSOR

BPM’s ability to effectively extract and propagate the
beam position signals, maintaining any parasitic effect as
low as possible at the same time, relies on a careful elec-
tromagnetic (EM) characterization and optimization of the
geometry and of material choice. The EM interaction be-
tween the charged particle beam and both the sensing and
non-sensing components of the BPM device is complex and
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Figure 1: BPM with cylindrical pick up buttons.

dependent on the particular operating conditions of the ac-
celerator. In high-energy electron synchrotrons, where the
beam is relativistic (𝛽 ≈ 1), the nearly pure transverse elec-
tromagnetic (TEM) propagation mode of the beam EM fields
allows the derivation of simplified BPM analytical models
for simple circular geometries [6, 7].

BPM DESIGN
In the case of Elettra 2.0, any analytical approximation

results not applicable because of the rhomboidal inner shape
of its vacuum pipe (see Fig. 1). Therefore, it is necessary to
resort on dedicated EM simulation tools. Among various
available tools, both free and commercial, BpmLab [8] and
CST Studio Suite [9] have been adopted.

BPM Geometric Distortion Evaluation
BpmLab is a 2D finite element-based software for Mat-

lab. It has been utilized to assess the nonlinear distortion
that arises in the calculation of beam position due to the
bridge-like arrangement of the pickup electrodes and the
off-center position of the beam. Figure 2a shows the lo-
cations of the four button type pick ups on the simplified
outline of the rhomboidal vacuum pipe, where vertical and
horizontal axis are 17 mm and 27 mm in length, respectively.
Figure 2b shows the distribution of the mesh density and the
areas of mesh refinement, which include the BPM geometric
center and the electrodes. Assuming that a difference over
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(a) BPM cross section outline. (b) Mesh density.

Figure 2: BpmLab 2D simulations.

(a) DOS response map. (b) DOS error distribution.

Figure 3: BpmLab 2D nonlinear distortion.

sum (DOS) algorithm will be used to process BPM signals,
Fig. 3a displays the response map of the simulated BPM,
while Fig. 3b shows the corresponding error distribution.
The BpmLab code also calculates the scaling factors 𝐾𝑥 and
𝐾𝑦, which are calibrated in millimeters.

BPM Full 3D EM Simulation
CST Studio Suite is a 3D software package for EM anal-

ysis. It has been chosen to design, analyze and optimize
the EM fields and currents inside the BPM to evaluate the
mutual interaction between the beam and the device. The
beam sensing capability of the BPM has been fully char-
acterized by its beam coupling impedance and loss factor
resorting on CST time domain wake field solver. Addition-
ally, the scattering parameters and voltages at the signal
ports on the diagnostics acquisition system side have been
also assessed. Although CST allows for the evaluation of
geometric distortion, the necessary computation time would
be too extensive.

Due to the mechanical constraints induced by the small
size of the Elettra 2.0 vacuum pipe, the buttons have to
be necessarily kept small. As a result, a trade-off must be
found between button diameter, position sensitivity, and
induced signal level. Additionally, the parasite cavity behind
the button must have a low Q factor, and the aperture gap
should allow for low coupling with the TEM beam fields
to avoid perturbing the beam-induced surface currents and
maintain the BPM impedance as low as possible. Based
on these considerations and the experience described in
previous studies, such as Ref. [10, 11], the initial value

for the button diameter is set to 5 mm, the gap width to
0.1 mm, and the button shape is bell like. The BPM model
is shown in Fig. 4, where the cyan shape represents the
dielectric material used for isolating the button pick up from
the vacuum pipe. In order to compare the performance
of different types of buttons, including cylindrical pick up
buttons shown in Fig. 1, simulations will be conducted once
the full characterization of the conical buttons is completed.

BPM Pick-up Button and Feedthrough Simulation

As soon as the beam induces charge on the pick up button
surface, the corresponding current flowing inside the radio
frequency (RF) feedthrough has to be driven up to the con-
nector used for external cabling, that is along the coaxial
structure shown in Fig. 5. Ideally, if the TEM propagation
mode for the E and H fields associated with this current
could be established and maintained throughout the signal
propagation path, designing the RF feedthrough and pick
up button assembly would be straightforward. This could
be achieved by adjusting the ratio of the radii of the inner
and outer conductors as a function of the square root of the
dielectric permeability [12] (assuming the magnetic perme-
ability of materials identical to that of the vacuum). This
approach, however, would require a huge gap between the
inner and outer conductors of the coaxial structure, which
would compromise any effort to minimize the wake field
effects. To find the best trade off between small gap and
50 Ω impedance matching, the frequency domain solver of
CST Studio Suite must be employed to simulate the conical
transition between the coaxial feedthrough and the pick up
button (Fig. 5).

Figure 4: BPM with conical pick up buttons - half view.

Figure 5: BPM feedthrough plus conical button.
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TYPE A AND TYPE B BPM
The BPM shown in Figs. 1 and 4, referred to as ‘type A’

from now on, uses welding to ensure vacuum sealing be-
tween the pick up button assemblies and the BPM body.
Although this approach is widespread, it requires caution
during the welding procedure to maintain the desired align-
ment of the pick-up electrodes. Furthermore, if high tem-
perature sensitive dielectric is used, its location should be
far enough away from the welding area. In case of failure,
whether electrical or sealing, the whole BPM assembly has
to be replaced.

If a sealing technology based on shape memory alloys
(SMA) couplers [13] is used, the welding procedure can be
avoided, but at the cost of a more complex mechanical and
RF structure. Compared to the type A BPM, the type B
one, shown in Fig. 6, needs to be extended radially along
the RF feedthroughs (indicated in red) to leave room for
hosting the SMA collars (indicated in black) and must be
thick enough to withstand the compression force needed for
vacuum sealing with minimal mechanical deformation. The
RF feedthrough diameter is slightly smaller than the diame-
ter of the corresponding hosting hole on the BPM body, so
there is no mechanical interference that could damage the
dielectric insulator due to compression. To reduce the effect
on the coupled beam impedance of this parasitic cavity, an
annular RF spring (indicated in green) can be inserted close
to the pick-up electrode. Due to the diameter of the hole that
hosts the RF feedthrough, less than 10 mm, low dielectric
permittivity insulators are required to ensure the right ratio
between the inner and outer diameters of the RF feedthrough
conductors for 50 Ω impedance matching. Thanks to the
temperature dependent mechanical characteristics of SMA
materials, the sealing collar can be slackened and then tight-
ened again for a number of times. This feature makes it
possible to extract, replace and reseal the RF feedthrough
assembly in case of BPM pick-up upgrade.

Both type A and type B BPMs have the same RF design
of the pick-up buttons and RF feedthroughs, despite the dif-
ferences in their sealing technology and related mechanical
construction details. The type B BPM, however, due to its
higher complexity compared to the type A solution, is ex-
pected to have a higher manufacturing cost. However, the
flexibility introduced by the SMA coupler technology could
make this additional cost acceptable.

CONCLUSION
The design of a brand new button type BPM is a complex

task, which requires a careful evaluation of the whole set
of interdisciplinary aspects involved in this kind of activ-
ity. Preliminary analysis has been conducted on the beam
sensing features of the future BPMs, including geometric
distortions, beam coupled impedance, and RF signal extrac-
tion, taking into account the limitations imposed by the small
size rhomboidal vacuum pipe of Elettra 2.0. Two possible
sealing technologies, traditional welding and SMA coupling,
have been considered, and an accurate comparison between

Figure 6: Type B BPM - half view.

them is still in progress. At this initial phase, the effects of
beam-induced heating and propagation of high-order modes
within the RF feedthrough have not been taken into account.
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