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Abstract
The Institute for Applied Physics (IAP) of Goethe Univer-

sity Frankfurt has a long history in developing DTL-cavities
and further essential components of particle accelerators
from design and simulation up to tuning and final testing. In
recent times, the development of beam diagnostic compo-
nents for the hadron accelerator projects has become increas-
ingly important. BEVATECH is designing and setting up
linear accelerators, RF and vacuum technology for research
laboratories and enterprises worldwide. In a joint effort a
simple, efficient and mobile beam position monitor (BPM)
test bench has been developed and will be further improved
for future tests and the calibration of beam position moni-
tors. It is fully automated using single-board computers and
microcontrollers to obtain the essential calibration data like
electrical offset, button sensitivity and the 2D response map.
In addition, initial tests with the implementation and evalua-
tion of the Libera signal processing units Single Pass H and
Spark were promising.

INTRODUCTION
Beam position monitors are an essential tool for the opera-

tion of a particle accelerator. As a non-destructive diagnostic
device, they are used very frequently in nearly all linacs, cy-
clotrons and synchrotrons worldwide. Providing the beam’s
center of mass position as well as a monitor for longitudi-
nal beam position and shape, the BPM is an indispensable
component of beam diagnostic strategies.

BPMs for several projects and a corresponding BPM test
bench (see Fig. 1) have already been developed or are cur-
rently under development by IAP and BEVATECH. These
include for example the MYRRHA (Multipurpose hYbrid
Research Reactor for High-end Applications) project [1]
which aims at realizing a pre-industrial Accelerator Driven
System (ADS) to explore the transmutation of long lived
nuclear waste. Furthermore, it will also be used as multipur-
pose irradiation facility applying fast neutrons. The linac for
this ADS will be a high-power proton accelerator delivering
2.4 MW CW beam at 600 MeV [2,3].

Further BPM developments are related to NICA
(Nuclotron-based Ion Collider fAcility) at JINR (Joint In-
stitute for Nuclear Research) in Dubna, Russia. The NICA
facility aims to perform a wide program of fundamental
and applied research with ion beams from p to Au at en-
ergies from a few hundred MeV/u up to a few GeV/u. As
an injector for heavy ions into the Booster synchrotron of
the NICA accelerator facility the Heavy Ion Linac (HILac)
∗ schwarz@iap.uni-frankfurt.de

Figure 1: View of the BPM test bench with Libera Spark for
data acquisition.

has recently been put into operation. The HILac consists
of three accelerating sections (RFQ and two DTL sections
based on IH-DTL cavities) and a medium energy beam trans-
port (MEBT) section [4].

In the frame of the NICA ion collider upgrade a new light
ion frontend linac (LILac) for protons and ions with a mass-
to-charge ratio of up to 3 will be built [5–7]. Consisting
of three parts - a normal conducting linac up to 7 MeV/u, a
normal conducting energy upgrade up to 13 MeV/u and a
superconducting section - the first part will be built in collab-
oration between JINR and BEVATECH. This also includes
beam diagnostic devices like beam position monitors.

After manufacturing of a BPM, it should be tested to mea-
sure the button’s sensitivity, the deviation of its mechanical
and electrical center as well as non-linearities in the format
of a 2-dimensional response map. The latter is used to deter-
mine the differences between the theoretical and measured
beam positions. For these calibration measurements, many
laboratories worldwide use a wire-based approach [8–24].
By feeding the copper wire with an RF-sine signal, which
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is aligned parallel to the ideal beam axis and terminated
by 50 Ohm at the other end, the beam’s 𝐸-field radiation is
simulated. The signal picked up by the BPM electrodes is
then read and processed. By moving the beam position mon-
itor or the wire in the transversal plane, different horizontal
and vertical beam positions can be simulated and thus the
influence on the button signals can be measured.

THE BPM TEST BENCH
For the automation of the aforementioned tests, a simple,

efficient and mobile BPM test bench has been developed. It
is based on a Bosch Rexroth aluminum frame paired with
a precise stainless-steel plate to accommodate the BPM.
Milled markings ensure the positioning of the Beam Po-
sition Monitor to place the wire exactly in the geometric
center. For control and data acquisition (DAQ), the software
TBenS (Test Bench Software) has been written in C# and
is completely object-oriented. Motor control is performed
by a CNC control kit with two A4988 driver chips, which
are controlled by an Arduino UNO R3 via a Grbl implemen-
tation [25]. Grbl is a free, open source, high performance
software for controlling the motion of machines and is used
to position the wire within the BPM.

x-/y-Motors

DAQ / Libera Spark

RF Ampli

Signal Generator BPM

Control PC

USB

wire

Ethernet

Figure 2: Schematic layout of the BPM test bench cabling.

A schematic layout of the test bench and cabling is shown
in Fig. 2. The vertical wire through the BPM can be posi-
tioned using a stepper motor controller. Two crossed lin-
ear axes form a cross slide and cover a measuring range of
75 ⋅ 75 mm. A standard NEMA17 2-phase stepper motor
with a resolution of 400 steps per revolution enables a calcu-
lated positioning accuracy from one direction of 5 μm. The
absolute positioning accuracy coming from one direction
is 10 μm. Two additional digital calipers are used for the
optical control of the wire position and for adjustment with
the computer control.

Positioning of Wire and BPM
One of the crucial questions at a BPM test bench is the

positioning and alignment of the BPM relative to the wire
passed through. On the one hand an exact positioning, on the
other hand the simple assembly and disassembly of the BPM
must be given. For this purpose, a high-precision stainless
steel plate was manufactured to accommodate the BPM. Two

continuous V-grooves in the middle of the plate, which run
exactly through the middle of the hole circle cutout, ensure
the exact, optical positioning of the wire in the geometric
center of the hole circle (see Fig. 3)

The BPM usually has reference surfaces or fitting holes
on which it can be aligned relative to the stainless steel plate.
Threaded holes in the plate with a DN 63-200 CF bolt circle
diameter provide for the fixation of the BPM during the
measurement. Special sizes or other BPM geometries can
be fixed to the plate using clamping claws. The stainless
steel plate itself is adjustable in height at its four edges and
can be aligned by means of a bull’s eye spirit level. The wire
itself is aligned exactly vertically by a second wire that can
be mounted as a perpendicular. The Bosch Rexroth profile
can be adjusted and fixed accordingly.

Figure 3: V-groove for wire positioning.

The wire is attached to a top and bottom SMA cable via
two SMA plugs. The holders of the SMA cable as well as
the tensioning device were created with a 3D printer. The
SMA cable is tensioned by 4 parallel, adjustable springs to
vary the pre-tension force for different wire thicknesses. For
mounting and dismounting the BPM, the wire can be easily
separated at the connection to the SMA cable.

In order to minimize the vibrations on the test bench and
thus on the wire, the starting and stopping curve of the step-
per motors was optimized. In addition, the waiting time until
the measurement of the signal from the electronics (e.g. an
oscilloscope or Libera Single Pass H / Spark) can be adjusted
in the TBenS program.

Automated Data Acquisition
The BPM measurement is automated via the software

TBenS (as shown in Fig. 4), which has been specially de-
veloped with the BPM test bench. After positioning the
BPM, the wire is exactly in the middle at zero position. The
stepper motor driver is controlled via USB cable and the
measuring electronics connected via Ethernet. At the oscil-
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Figure 4: Screenshot of a TBenS data acquisition window
showing a 2D response map.

loscopes an IVI.NET interface is used for communication,
with the Libera Single Pass H and Libera Spark commands
via SSH connections are used. After successful initializa-
tion the program is given a file with 𝑥-𝑦 coordinates to be
approached. The data recorded when moving the position
can be visualized directly on the screen and saved in a file
for further processing. Two digital calipers are used to check
the approached positions. In numerous tests an absolute
and reproducible positioning precision to ±0.05 mm was
achieved.

Conclusion
The aim of this development was to set up and commission

an automated BPM test bench. With a few exceptions, only
of-the-shelf components were used. Open source software
was implemented to control the stepper motors and addi-
tionally needed small parts were created directly with a 3D
printer. Thus, the mechanical part of the test bench could be
realized very precisely and at the same time cost-effectively.
The interaction of the electronic components was done with
the developed program TBenS. After an easy process of
setting the measurement range, the BPM test bench carries
out the necessary steps itself, provides the results directly
visually and saves them for subsequent processing.

�
��

Figure 5: Exemplary BPM sensitivity measurement with a
linear fit for the centre region (red).

Exemplary measurements of the linearity of 4-button
BPMs (see Fig. 5), the deviation of the geometrical from the

electrical centre and of 2D response maps for checking the
correction coefficients between the geometrical and electri-
cal positions were done. Through automation, the results
can be obtained quickly. Further developments will focus
on enhancing the user experience even more.
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