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Abstract

This paper presents two different RF test fixtures devel-
oped to reliably and repeatably validate the electromagnetic
behavior of the pickup prototypes designed for the Elettra 2.0
button-type beam position monitors. The first one, based
on a coaxial-line design that emulates the TEM excitation
generated by a relativistic beam, allows the measure of the
pickup behavior up to 16 GHz. The second test fixture, em-
ploying a wire antenna design, extends the measurement
range up to 40 GHz. The so obtained experimental data
are compared with the CST and HFSS simulated ones to
check the performance achieved by the first 16 prototypes
manufactured using glass as dielectric material.

INTRODUCTION

Beam position monitors (BPMs) are integral components
of a particle accelerator, fundamental for detecting the po-
sition of electron bunches. Their design complexity has
progressively increased with the evolution of successive gen-
erations of light sources. In the fourth-generation Elettra 2.0
storage ring [1], the BPMs have been designed adopting four
button-type pickups with embedded SMK connector (pin
contact, according to MIL-STD-348B [2]). Each pickup,
shown in Figure 1, is manufactured press fitting the collar C,
which defines the SMK connector reference plane, on the
pickup body B. The insulator collar, indicated in green, pro-
vides mechanical support for the central pin P and ensures
vacuum sealing. The pickup essentially behaves as a 50 Q
coaxial line extending from the SMK connector reference
plane up to the insulator, where it terminates in the conical
button that couples with the beam electromagnetic (EM)
field. During operation, the EM energy captured through
the gap around the button (beam port), propagates along
the coaxial structure of the pickup and is transmitted to the
position detection equipment through the SMK connector
(RF port).

RF CHARACTERIZATION OF PICKUPS

Button-type pickups can be fully characterized through
reflection and transmission measurements performed un-
der test reference conditions by using either time domain
(TD) or frequency domain (FD) analysis methods [3]. Direct
transmission measurements, however, cannot be performed

* stefano.cleva@elettra.eu

Figure 1: Reference design for the Elettra 2.0 pickups and
embedded SMK connector cross sections.

because the pickup beam port is not designed to be directly
connected to measurement instruments. For this reason, a
dedicated adapter is required to establish a closed propaga-
tion path that starts from the RF port, passes through the
beam port and terminates at one or more 50 Q matched
test connectors. Once this propagation path is implemented,
transmission measurements can be carried out by injecting
a test signal into the pickup through its coaxial connector.
This configuration enables the measurement of both the FD
amplitude and phase, as well as the TD amplitude and signal
arrival time, at the adapter test connectors.

TEST FIXTURES

To ensure reliable and repeatable EM characterization re-
sults consistent with simulations, each pickup is mounted on
dedicated air-filled aluminum mechanical supports, referred
to as test fixtures (TFs). These fixtures integrate RF connec-
tors to perform reflection and transmission measurements
under controlled and closed environment conditions. By
injecting the test signal through one of the fixture port, the
direction of the EM energy propagation through the pickup
can be reversed, enabling bidirectional transmission mea-
surements. To define a complete self consistent EM test
environment, a reference wire pickup was manufactured us-
ing a uniform wire suspended in air as the central conductor.
TD and FD characterizations were carried out using a Tele-
dyne LeCroy WavePulser 40iX (TDRMI) operating up to
40 GHz and a Keysight PNA network analyser (VNAMI)
operating up to 26.5 GHz, respectively.

Two-Port TF (2PTF) General Description

The simplest type of TF, referred to as 2PTF, is based on
a two-port single SMK connector configuration (Figure 2,
left). A short wire antenna, coupled with the pickup beam
port, is directly mounted on the central conductor of the TF
SMK plug type connector. This antenna is aligned with the



rotational symmetry axis of the fixture. When the device un-
der test is installed, the resulting assembly provides two 50 Q
SMK ports. This configuration enables the measurement of
the full 2 x 2 scattering matrix.
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Figure 2: 3D cross view for 2PTF and 3PTF.

2PTF EM Characterization

The assembly of the reference wire pickup mounted on
the 2PTF and the corresponding EM model are shown in
Figure 3. The connector C2 (RF port of the reference wire
pickup) corresponds to the port P2 of the EM model, while
the short wire antenna of the 2PTF is connected to the con-
nector C1, corresponding to the port P1. The S, scattering
parameter, measured by TDRMI and VNAM]I, is shown in
Figure 4, which also includes results from numerical sim-
ulations performed with CST [4] in TD and HFSS [5] in
FD. These results highlight the excellent agreement between
experimental and simulated data, confirming both the accu-
racy of the EM model and the reliability of the measurement
setup.
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Figure 3: Cross view of 2PTF with mounted reference wire
pickup (left) and corresponding EM model (right).
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Figure 4: Simulated and measured data for 2PTF with refer-
ence wire pickup assembly.

Three-Port TF (3PTF) General Description

The 3PTF is based on a 50 Q coaxial line [6], designed to
couple with the beam port of the pickup under test through
an aperture located at its middle length (Figure 2, right). The
pickup is mounted orthogonally to the coaxial line, which
supports the TEM mode, the same mode excited by charged
particle relativistic beams.

Due to practical machining constraints, the outer diameter
of the inner conductor is fixed to 3 mm, while the inner
diameter of the outer conductor is fixed to 7 mm, according
to the IEC 61169-16 standard for N connectors [7]. This
geometry results in a characteristic impedance of 50.8 Q
in air. The cutoff frequency of the first higher-order mode
(TE;) is approximately 19.5 GHz. Commercial N to SMA
adapters (N-MALE to SMA-F), mounted to support the inner
conductor of the coaxial line, have a maximum operative
frequency of 16 GHz. Since this value is below the TE1;
cutoff frequency, it defines the upper frequency limit for the
operation of this test fixture.

P2

P1 P3

Figure 5: Cross view of 3PTF with mounted reference wire
pickup (left) and corresponding EM model (right).

3PTF EM Characterization

The assembly of the reference wire pickup mounted on
the 3PTF and its EM model are shown in Fig. 5. The port P1
of the EM model (connector C1) is connected to the coaxial
line, the port P3 (connector C3) is terminated on a 50 Q load,
while the port P2 (connector C2) corresponds to the RF port
of the reference wire pickup. The S»; parameter measured
using the TDRMI and VNAMI systems, together with the re-
sults obtained from CST and HFSS simulations, is presented
in Fig. 6. The comparison confirms excellent agreement
between the experimental setup and the EM model.
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Figure 6: Simulated and measured data for 3PTF with refer-
ence wire pickup assembly.
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Figure 7: Top and bottom views of the Elettra 2.0 pickups
manufactured using glass sealing technology.
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Figure 8: 2PTF measures of Elettra 2.0 pickup prototypes.

PICKUP PROTOTYPES RF
CHARACTERISTICS

Following the reference design for the Elettra 2.0 pickups,
the first 16 prototypes based on glass sealing technology
(used for the insulator collar) were manufactured by Kyocera
(Japan) (Figure 7). The central pin is made of molybdenum,
while the pickup body and the SMK connector collar are
made of AISI 316L. These pickups are electromagnetically
characterized through the two presented TFs.
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Figure 9: 3PTF measures of Elettra 2.0 pickup prototypes.

Figure 8 (top) and 9 (top) show the S»; parameter measured
by the 2PTF and 3PTF, respectively, while Figure 8 (bottom)
and Figure 9 (bottom) report the corresponding standard
deviations over the 16 samples. The S, value obtained from
CST/HFSS simulations and the S»; mean value calculated
from the 2PTF (top) and 3PTF (bottom) measurements are
finally compared in Figure 10, using the nominal dimensions
of the pickup components and assuming a glass relative per-
mittivity of 4.8. These results demonstrate excellent agree-
ment between simulations and measurements and confirm
the high quality and reproducibility of the manufacturing
process of these devices.
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Figure 10: Simulated and measured mean S5 value for 2PTF
(top) and 3PTF (bottom).

CONCLUSION

Two specific TFs, named 2PTF and 3PTF, have been in-
troduced to obtain reliable and repeatable EM characteri-
zation of the button-type pickups for the Elettra 2.0 BPMs.
By adopting these fixtures, two main objectives have been
achieved. The first, and most significant, objective con-
cerns the assessment of the high manufacturing quality of
the pickup devices, which is essential for the proper op-
eration of the entire Elettra 2.0 storage ring. The second
objective is the excellent agreement observed between mea-
sured and simulated results, obtained using two independent
electromagnetic solvers. These results demonstrate the ef-
fectiveness of the proposed test fixtures. In particular, the
3PTF can be further exploited as a practical tool for sorting
pickups into groups of four with very similar transmission
characteristics.
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