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Abstract

The NA61/SHINE collaboration conducts research using the SPS CERN accelerator, focus-
ing primarily on the strong interaction program. In this type of research, it is necessary to
use a hadronic calorimeter called PSD to determine the centrality value of nuclear collisions.
The detector consists of two separate parts, the MPSD and the FPSD. The FPSD, which
is a new detector added to the NA61 SHINE experiment from 2022, has not yet had a
functional system for remotely changing and measuring the detector position. Such a
remote system is necessary for faster detector calibration, more precise positioning of the
detector in the accelerator beam path, and improved safety. For these reasons, in 2023, a
group of specialists from the NCBJ laboratory at Poland, prepared a project and built a
remote position change system for the FPSD detector. In this work, we describe the main
design assumptions and main features of the finished system. We also describe its control
system based on the Siemens 1200 PLC controller and the way we supervise its operation
through an external DCS system based on the EPICS software (ver.3.16). The introduced
changes improved the safety and comfort of work, reduced the radiation risk, and, above
all, significantly shortened the time required to change the position of the FPSD detector.

Keywords: NA61/SHINE; Projectile Spectator Detector; FPSD; motion system; safety
system; PLC; DCS; EPICS

1. Introduction
The NA61/SHINE experiment (SPS Heavy Ion and Neutrino Experiment) [1,2] has

been running at the CERN Super Proton Synchrotron (SPS) [3] for many years. It uses
proton and heavy-ion beams in fixed-target collisions to study key questions in particle
and nuclear physics. The main goals of the collaboration are grouped into three areas: the
strong interaction program, the neutrino program, and studies of cosmic-ray interactions.
The strong interaction program is the central focus of NA61/SHINE. By studying many
collision systems—from small systems like proton–proton to large systems like lead-lead—
and by varying the beam energy, the experiment explores the phase diagram of strongly
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interacting matter. This includes investigating the properties of the onset of deconfinement,
the point where matter made of hadrons (such as protons and neutrons) changes into
a quark–gluon plasma, and searching for the possible critical point that would separate
different types of phase transitions in the phase diagram of strongly interacting matter.
The most recent addition to the program involves studies of charm hadrons produced in
lead–lead collisions in the SPS energies, aiming to conduct first in the world systematic
measurement on open charm production in this energy range. In addition to heavy-ion
physics, NA61/SHINE also provides important data for the neutrino and cosmic-ray
communities. It measures hadron production in various colliding systems, allowing to
significantly improve predictions of models used in these branches of particle physics.

In heavy-ion collisions, it is crucial to determine the centrality of the interaction, meaning
how close the collision was to being head-on. In simple terms, this describes whether the
nuclei collided nearly in full overlap or only grazed each other at their edges. In the fixed-
target setup of NA61/SHINE, centrality is determined using the Projectile Spectator Detector
(PSD) [4,5], a high-precision hadron calorimeter. The PSD measures the energy carried by
projectile nucleons that did not participate directly in the collision (so-called “spectators”).
A dedicated analysis procedure then relates the measured spectator energy to the collision
centrality. The more central the collision is, the fewer spectator nucleons remain, leading
to lower energy in the PSD and a correspondingly higher multiplicity of newly produced
particles. Further reading material about the details of analysis methods in studies of the onset
of deconfinement and searches of the critical point can be found in [6,7]

During the major hardware upgrade of NA61/SHINE in 2019–2022 the topology of the
PSD was changed, and two calorimeters were introduced in preparation for significantly
higher beam intensities [8,9]. The first MPSD (Main PSD) consists of 32 identical modules
arranged around a central point, where there is an open channel for the fragments of nuclei
and nuclei not involved in the collision to travel (see Figure 1(left)). These fragments
then enter the second forward calorimeter FPSD (Forward PSD), consisting in total nine
modules, arranged around the central module (see Figure 1(right)).

 

Figure 1. (Left) The MPSD detector on the yellow platform. (Right) The FPSD detector on the red
platform.

The positions of both detectors were changed many times during their startup, the
calibration process, and before the experiment itself, when the detectors need to be oriented
to the beam coming from the accelerator after turning on the magnetic field of the magnets
previously placed in front of the PSD detectors. Unlike the MPSD detector, which has
a remotely controlled position change system, the position of the FPSD detector could
previously change only by being directly next to the detector. Changing the position
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required the participation of two people who had to enter the experimental zone and the
interior of the bunker, where the FPSD detector was placed (Figure 2). The bunker serves as
radiological protection, because the detector is activated during the experiment and poses
a radiological threat. This means that being inside the bunker, even after a short period
of accelerator operation, carries some increased risk. In addition, the previous method of
changing the detector position required a minimum of 0.5 h for each position change. For
those reasons, it was necessary to design and build a new system for changing the position
of the FPSD detector remotely with a system that precisely measures the current position of
the detector and sends that information to the NA61 DCS (Detector Control System) based
on the Experimental Physics and Industrial Control System (EPICS) software [10].

 

Figure 2. The bunker for the FPSD detector. In front of the bunker, we can see the MPSD detector on
the yellow platform and the NA61 TPC detector hut further upstream [11].

2. Installation Requirements
To control the position of the FPSD detector, the old electrical system for changing the

vertical position and the mechanical system for changing the horizontal position were used.
Both required the presence of operators in the immediate vicinity of the FPSD. The entire
existing electrical system together with the cables will be removed. One engine (vertical
movement) remains from the old system together with the mechanical system installed on
the platform on which the FPSD stands. The basic requirements for the new system are as
follows:

(1) The system shall enable the measurement of the detector position independently
in the vertical and horizontal directions with an accuracy of 1 mm (not worse than
5 mm).

(2) It shall have two electronic FPSD position control panels, each equipped with an LCD
(Liquid-Crystal Display).

(3) One panel shall be installed outside the FPSD bunker with a connecting cable of
sufficient length to allow partial entry to the bunker and observe the FPSD detector.
The second panel shall be installed one floor above in the “Counting Room” of the
NA61/SHINE experiment area.

(4) The system shall provide an additional possibility of changing the FPSD location
from any NA61/SHINE experiment computer via the existing NA61-DCS—online
management.
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(5) The system shall meet all CERN safety rules (the main requirements will be described
below).

(6) The system controller shall enable the implementation of a multi-level security system.
(7) All electronics of the new system shall be placed in a new control box placed on the

wall of the bunker. The box is to be connected to a three-phase power supply and has
a main switch and a AUL (Arrêt d’Urgence Local—Local Emergency Stop) placed on
the housing.

(8) New cables shall be installed together with the new system, which shall be routed
in normalized cable trays along the bunker walls and in cable chains to the detector
allowing it to move laterally (X) and vertically (Y).

(9) A new and correct grounding system for all elements shall be installed in the entire
bunker and connected to the grounding of the experimental hall.

All such systems must meet the safety rules specified by the appropriate HSE team
(Occupational Health & Safety and Environmental Protection) from the CERN service.
It should be added that CERN does not explicitly use European standards, but as an
international institution, it has developed its own standards, which are nevertheless very
similar to the European ones [12]. For each new installation, people from this department
analyze the plans, then inspect the finished structure, and issue a list of recommendations
that must be met for the installation to be approved for use. This was also the case with the
new MS for the FPSD detector, which was an original project of the NCBJ group and was
not modeled on other similar installations. The basic safety requirements for our new MS
system are as follows:

(1) Two electric limit switches shall be placed in each direction of detector movement
(including the platform), i.e., eight in total. Exceeding the first limit switch from each
pair must cut off the power supply but allow movement in the opposite direction. Ex-
ceeding the second limit switch must block the system in such a way that intervention
by an authorized person is necessary to continue.

(2) Emergency safety switches shall be installed at each position control panel and inside
the bunker.

(3) Sound and light alarms inside the bunker must operate during detector movement.
(4) The bunker door shall be equipped with an opening sensor. During remote detector

position control (using a computer or control panel in the “Counting Room”), in the
event of the door being opened, the system must be blocked.

(5) The maximum length of bunker control panel cables must allow entry into the bunker
but prevent physical contact with the FPSD (for safety reasons).

Based on the above requirements, a team of physicists and electronics engineers
from the National Center for Nuclear Research (NCBJ) prepared a design for a new sys-
tem (Motion System for FPSD). The design was approved by the hardware team of the
NA61/SHINE collaboration. The construction of a ready-made control box with panels for
operating the system was carried out at NCBJ (in Poland) and then the finished elements
were transported to the CERN. At the turn of 2023/24, during three visits, the team car-
ried out the installation, start-up and testing of the new system. A general and detailed
description of the new system can be found in the following chapters.

3. Description of FPSD Motion System (MS)
The new position change system is based on a Siemens Programmable Logic Controller

(PLC) S7-1200 [13], which controls two inverters that change and control the speed of the
motors changing the detector positions in both axes. The system is equipped with electronic
measurement of the detector position using laser distance sensors, and the position reading
is displayed on an LCD display (Siemens Panel HMI 4” KTP400) on the control panels or
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by means of a computer system communicating with the Siemens controller via the EPICS
system. The new MS consists of a power supply system, input systems, a safety system, a
system for controlling the position and speed of the motors, a main control system, and
two control panels (see Figure 3).

 

Figure 3. The block scheme of the new FPSD motion system.

Physically, the new FPSD MS consists of a control box placed on the concrete wall of
the FPSD bunker next to the entrance (Figure 4(left)), two portable control panels (Figure 5)
(the first panel is placed next to the control box by the bunker and the second panel in
the Counting Room). Two laser distance sensors (S80-MH-5-Y09-PPIZ) [14] were located
under the detector. Eight mechanical safety sensors of the maximum permitted position
(limit switches) were placed on the ground next to the rail under the detector and next to
the vertical movement platform. They are part of a safety system additionally equipped
with four emergency switches, a light and a sound signal of the detector movement, as
well as cameras with an infrared capability. Inside the control box (Figure 4(right)), there
is a Siemens controller S7-1200 with expansion module CB1241, an industrial Siemens
Switch, main fuses and fuses, relays of the safety system, and two inverters (LG iG5a-
SV022IG5A-4) [15]. Additionally, if other equipment needs to be connected, there is a
European electrical socket with its own fuse (The CERN laboratory normally uses Swiss
standard electrical sockets). During normal operation, the control box stays closed.

Figure 4. (Left): The control box of the new motion system for the FPSD detector. (Right): Inside of
the control box with two inverters visible at the bottom and a Siemens PLC controller in the top right.
Numbers in the figure explained in the text.
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Figure 5. Portable FPSD motion system control panel. Numbers in the figure explained in the text.

3.1. Logic of the System

The previous chapters described the functionality of the positioning system. Now, let’s
discuss the logic behind this system, which can be divided into two parts: the hardware,
consisting of physical buttons, switches, and limit switches, and the software, programmed
with appropriate functions in the PLC (Figure 6).

As shown in Figure 6, the power line, starting at the 24V power supply, first splits at
the switch into a “Local” and “Remote” branch. This means that it is impossible to use both
control panels simultaneously, as the power to the control buttons is physically cut off. On
its way to the “Remote” panel, the power line also passes through a “Door Switch”, which
physically cuts off power to the panel buttons if the bunker door is opened. In “Local”
mode, door opening has no effect. Since both control panels are identical (interchangeable),
the following description is the same for both operating modes (logical paths).

To start the control panel, first the “Panel Power Switch” (Figure 5—(11)) must be
turned on, activating the programmable and touch-sensitive Human Machine Interface
(HMI) panel (Figure 5—(13)). Then, the physical security key “Lock switch” (Figure 5—
(14)) must be turned, unlocking the “Button Switch” buttons for changing the detector’s
position. It should be emphasized that a person without a key cannot activate or operate the
control panel. At this stage, power is supplied in parallel to all movement control buttons
(Figure 5—(16, 17, 18, 19)), and movement in two directions can be initiated simultaneously
(e.g., up and left). After pressing a given button, the PLC controller checks the status of
the corresponding level-one “Limit Switch” (marked V1 or H1 in Figure 6) and all other
established and programmed control signals, and if there are no alarm signals, it decides
to start movement in that direction by applying power to the inverter. After reaching the
maximum position in a given direction, the limit switch is closed stopping the movement.
The PLC is informed of this, but movement in the opposite direction remains possible. If
a level 1 “limit switch” fails and motion continues after it is exceeded, further motion is
blocked by a level 2 “limit switch.” Activating any level 2 “limit switch” physically blocks
movement in either direction. This block cannot be removed via the software.

Additionally, each motion button has a series-connected NC contactor (Normally
Closed), which informs the PLC that the motion is initiated by pressing the button. How-
ever, if the PLC receives a signal from the button without a control signal from the NC
contactor, the PLC will interpret this as a fault (damage to the NC contactor, button, or PLC
INPUT channel) and the detector will not initiate motion.
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Figure 6. Circuit logic block diagram—signal path.

The PLC decides to initiate movement in any direction after passing the software logic
layer. The states of all switches are checked (each switch has a control contact), and if the
PLC detects no unacceptable states, it first triggers an audible and visual warning signal,
and then, after a few seconds, initiates the detector’s movement. The PLC output to the
inverters is digital, and the appropriate signal code controls the inverter, deciding what
type of movement to perform. This allows the system to be controlled without using the
buttons on the control panels, solely via a LAN (see Section 3.5—Remote control (EPICS)).
However, this operating mode is only possible when, after setting the switch to “Remote”
mode, the “LAN” operating mode is set on the touchscreen of the second control panel.
In this mode, both physical panels are disconnected, and the PLC accepts commands via
the internal LAN. It should be emphasized, however, that the most important elements
of the Level 2 “Limit Switch” safety system and the safety buttons operate as a hardware-
based system independent of the PLC, and no software action from the PLC can override
them. Activating any of these elements blocks movement, and unblocking is only possible
through physical user intervention.

Activating a physical lock (level 2 limit switch or safety buttons) physically cuts off
power to the inverters. In the event of a lock via the safety buttons, the original state can
be restored by physically unlocking the button and removing the lock information via
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software (option in the control panel software). In the event of a lock via level 2 limit switch,
a service procedure must be implemented. The user cannot personally unlock the system.
Instead, a visit of an expert is required, who must physically inspect the control box after
verifying the reasons for the limit switch 1 failure.

3.2. Safety System Description

In addition to a general description of the system, this section presents the features
and assumptions of the MS safety system, which is a component of the new design. Below,
we present the list of basic features of the Safety MS:

1. Electro-mechanical “limit switch” sensor system, two for each direction of movement
(eight in total). The first one blocks further movement, but it can return in the opposite
direction. The second of the pair (emergency, if the first one fails) blocks the entire
system until an expert arrives. See Figure 7(left and right).

2. The control panel at the bunker has a cable of an adapted length, which allows one to
enter the bunker and change the position of the FPSD while looking at it but prevents
from approaching the FPSD directly during movement.

3. Local Emergency Stops (AUL) (four pieces) turn off the system (stop movement) until
they are unlocked. The buttons are located as follows: two inside the bunker see
Figure 8(left and right), one on the control box outside the bunker (see Figure 4(left)
(No.4)), and one near the second control panel in the “Counting Room”.

4. The system is equipped with light signals (two) and sound signals (two) warning
of detector movement. The light and sound signals are activated before movement
begins. The first sound signal stops after about 10 s and the second one (more silence)
continues. See Figure 8(right).

5. The entrance door lock switch (Figure 9(right)) has two operating modes (switch on
control box—see Figure 4(left) (No. 3) and Figure 9(left)). The first is “local” for using
the control panel at the bunker, in which case the door can be opened while changing
the position of the FPSD detector. The second is “Remote” for using the second panel
in the “Counting Room” or using a computer in the “Control Room”. In this case, the
door must be closed. When the system is in the “Remote” mode, the opening doors
block the system and stop movement until an expert arrives and uses a reset button
in the control box (see Figure 4(right) (No. 10)).

6. Any failure in the control system blocks the system, and its unblocking requires the
intervention of an expert.

7. The control panels display the system status and information about some of the
possible errors on the LCD screen (Figure 5—(13)).

8. The entire control system, as well as the detector with the platform and metal cable
trays on the walls are grounded. The entire grounding system is new and properly
made in a star system (Figure 10).

9. The control box is equipped with a main power switch. Its activation requires taking
a key and removing the padlock. See Figure 4(left) (No. 2).

10. The FPSD laser position measuring system is equipped with mechanical shields, and
laser warning stickers are placed around. See Figure 11.

11. The camera in the bunker allows monitoring of the system operation when the detector
position is remotely changed.

12. Both control panels require inserting and turning a physical security key to change
the detector position. See Figure 5 (No. 14).
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Figure 7. FPSD MS limit switches: (Left) for vertical movement, and (Right) for horizontal movement.

Figure 8. FPSD MS safety buttons. On the Left: safety button and one of the emergency lights.

 

Figure 9. (Left): Control switch on bunker door. In the “REMOTE” mode (right), the bunker door
must be closed.

Two independent three-phase inverters were used to control the motor speed. Due
to budget constraints and the fact that the motors used are of a classic induction design,
less expensive LG inverters IG5A [15] were chosen instead of Siemens inverters. If greater
accuracy in setting the FPSD detector’s position were required, both motors would have to
be replaced with new stepper motors and different inverters would have been used.

The safety principle involves cutting off the power to the inverters—triggered by the
emergency stops and limit switches. This interrupts the motor power supply and stops the
detector’s movement, as the mechanical system is composed of a worm drive and is, therefore,
self-locking. The inverters control the direction and speed of the motors’ rotation. Although
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the target motor speed is relatively low, a soft-start mechanism was added. After starting
the movement, the inverter takes several seconds to reach the target speed. This allows us to
precisely fine-tune the detector’s position after the movement is interrupted.

 

Figure 10. Central point of the grounding system.

 

Figure 11. Laser distance and positioning sensors (Blue): lateral on the LHS and vertical on the RHS.

3.3. Electromechanical System

The FPSD detector is placed on a platform that allows its position to be changed (see
Figure 1 Right). This was an old platform that allowed horizontal and vertical movement.
The vertical movement was driven by an existing motor with simple on and off control
and no possibility of reading the position. To change the horizontal position, a hand crank
was used that directly moved along a worm screw, mounted to the platform, providing
movement along the rails. The construction of the new control system described above,
required adding a second motor that would replace the hand crank for the horizontal
position change. It was necessary to design, manufacture, and install additional mechanical
elements to connect to the new motor.

Requirements for the electromechanical system are as follows:

- Compatibility with existing driving screw M24x3, which moves the detector FPSD;
- Required speed of the detector 3 mm/s, (which gives 1 revolutions/s) or (60 rev/min);
- Measured torque 12.4 Nm.

We added to the requirements a reserve factor of two for the motor. Based on these
assumptions, the angle drive motor SEW K19DRN63M4 [16] was chosen (Figure 12).
To adapt to the existing mechanical structure, a vertical engine orientation was selected,
additionally equipped with a perpendicular gear (angle drive).
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Figure 12. Drawing of the gear motor SEW K19DRN63M4 together with the gearbox [16].

To connect the gear motor with existing components mounted to the frame of the
detector (see Figure 13), a special collar was designed and to transfer the torque from the
reducer to the driving screw the coupling and the pin were designed. The parts were
made with stainless steel 1.4310. All new components were manufactured in the ZDAJ
workshops of NCBJ.

Figure 13. Drawing of the new gear motor (black) mounted by the new collar (green) to the existing
frame of the FPSD detector (Grey) on the FPSD platform (Red). The new coupling (purple) is
connected the existing driving screw with the gear motor.

The list of the main parameters of the drive motor and gearbox include the following:

- Motor torque: 29 Nm;
- Output speed: 63 rev/min;
- Gear ratio: 21.98;
- Motor speed: 1375 rev/min;
- Motor Power: 0.18 kW.

3.4. Positioning of the Detector

According to the design brief, the positioning system being built should ideally ensure
positioning accuracy of 1 mm, and not worse than 5 mm. The previous solution allowed
for positioning accuracy of less than 1–2 cm. The laser distance sensors (S80-MH-5-Y09-
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PPIZ) [14] provide distance results with a linearity of 0.3% (This results from the technical
data of the sensor). Unfortunately, the surface onto which the laser spot fell was rough and
uneven. The problem primarily concerned the wall. To mitigate this issue, additional white
Plexiglas plates were placed on the aluminum floor and rusty steel and concrete wall, in
the area where the laser spot reflected (the sensor instructions recommended using a white
surface).

In the second step, the measurement system was calibrated by taking several mea-
surements along the entire axis of movement, independently in the vertical and horizontal
directions. The laser sensor displays the measurement result in millimeters on its own
display with an accuracy of +/− 1 mm (internal digital resolution 0.9 mm—technical
data of the sensor) and transmits this result externally as an analog current signal in the
4–20 mA range. The analog signal is then converted to a digital value in the PLC’s ADC
converter. The distance value is linearly proportional to the ADC signal, and calibration
essentially involves determining the parameters of this linear function. The determined
coefficients were stored in the PLC system’s memory. The PLC system was programmed
with additional correction options via control panels, allowing for the addition of offsets
for the X and Y axes (the offset value corrects the b coefficient of the linear function).

Due to mechanical reasons, namely the uneven movement of the platform on the
rollers, which are not rotating freely on the rails, horizontal movement results in a fluctua-
tion of the measured position of approximately 3 mm. Vertical movement does not produce
this fluctuation. In practice, using the new system enables the operator to set detector
positions with a repeatability of better than +/− 2.5 mm.

3.5. Remote Control (EPICS)

The NA61 Detector Control System (DCS) uses EPICS (ver. 3.16) [10] as the main
framework for top-level integration of all devices that needs to be monitored or controlled.
To make the new FPSD positioning system available for integration within DCS network
infrastructure, it was necessary to make it compatible with EPICS (see Figure 14). This dia-
gram schematically illustrates the entire system. The heart of the system is the PLC, which
can be controlled via physical control panels or external software. The PLC communicates
with the experiment’s DCS network via a dedicated Linux computer. The control software
can be installed directly on this computer or on any other computer connected to the closed
DCS subnet. The requirement is that the appropriate EPICS software is installed on the
computer. The operation of this system and its connections are described below.

The new FPSD system is based on the Siemens S7-1200 PLC controller, and major part
of the work was to configure EPICS to cooperate with Siemens S7 devices. For this purpose,
two EPICS libraries have been verified: s7plc and s7nodave. After several tries, the second
library, s7nodave, was selected for the operation.

Due to safety reasons, it was decided to connect S7 PLC directly (bypassing Ethernet
switches) to the one of the Ethernet ports of the server, where EPICS IOC was installed.
This solution has several advantages: Firstly, no one from the global CERN network can
communicate with the PLC, except dedicated server machines, which are under super-
vision and can be properly configured and secured. Secondly, connecting PLCs to the
global network was highly discouraged, because it could introduce the risk, that in theory,
someone could initiate the FPSD movement when it was not desired. Lastly, Siemens PLC
Profinet network traffic is known to fill with random data and overflow the address tables
inEthernet switches, which are not aware of Profinet.
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Figure 14. System architecture for the FPSD motion control.

To enable EPICS access to Siemens S7 PLC, it was necessary to add s7nodave detectives
in the st.cmd script in iocBoot folder, within EPICS application as follows:

With such IOC configuration prepared, individual EPICS records could be attached
to particular variables in the PLC memory, by adding entries in the EPICS database in the
following way (only relevant record fields are shown):
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Names such as “ DB2.DBW4 ” or “ DB2.DBX8.4 ” are specific for Siemens PLCs and
represent individual registers (first one) or bits (second one) in the PLC controller memory.

The FPSD Motion Control OPI graphical panels were implemented in the Phoebus
Control System Studio (CSS) environment (Figure 15) [17].

 

Figure 15. Screenshot from Phoebus Control System Studio with a created and ready to run form
EPICS GUI.

In addition to preparing an active graphical control panel, the package enables as-
signing specific variables used in the Siemens controller to individual switches or fields.
The designed digital panel (Figure 16) has the same functionality as physical control pan-
els, except for certain advanced features, such as error logging, offsets setting, clearing
hardware failures, etc.

 

Figure 16. View of the working FPSD EPICS GUI motion control system program.
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4. Summary and Conclusions
The development of a new repositioning system was demonstrated to be necessary

and successful. The new system was based on proven components and solutions, ensuring
long-term and reliable operation. By adding only small and inexpensive steel components,
the existing platform housing the FPSD detector was fully utilized, keeping the cost and
time required for the work manageable.

The construction of the new system has brought many positive and important changes,
the most important of which are as follows: The time required to change the detector
position has been significantly reduced (from the previous time of approximately 30 min
to 2–3 min). This has reduced the time required to calibrate the detector by up to several
hours, potentially increasing the time that can be used for the actual experiment. At the
same time, the accuracy and repeatability of setting a given position were significantly
improved. Previously, positions were set with an accuracy of 1–2 cm, while the current
position error is 1–3 mm. The position accuracy in the Y axis is 1 mm, and in the case of
the X axis, it is slightly worse at approximately 3 mm, which is lower than expected, but
still within the specified requirements. This is due to the mechanical construction of the
platform on which the detector rests, and without major reconstruction, it is improbable
that this parameter can be improved upon.

Perhaps the most important positive change is the significant improvement in radiation
safety for the people operating the detector. Previously, when changing the position, two
people had to be near the detector, which was activated by the beam. This presence is
currently not required at all. For these reasons, after the detector calibration process (when
a very low-intensity proton beam was used), access to the detector was locked, preventing
its repositioning even in emergency situations. Currently, for example, in the event of
an emergency change in the magnetic field, when the accelerator beam stops striking the
central part of the detector and could damage its structure (e.g., the scintillators inside the
calorimeter), it is possible to reposition the detector to prevent damage without opening
the bunker.

The overall safety of the FPSD detector has also improved. The entire system now
meets CERN laboratory safety requirements (HSE), which translates into increased user
and equipment safety. The scope for user errors was significantly reduced, as the system
recognizes them and prevents repositioning. Similarly, safety was improved after replacing
all cabling, including power cables and completely new grounding wiring for all metal
components of the detector and its installation.

Thanks to the use of the library s7nodave, along with an innovative method of direct
addressing the PLC’s memory, made it possible to programmatically connect the PLC to
the NA61/SHINE experiment’s DCS, which is based on EPICS software. This enabled, in
addition to controlling the detector position via computers, the recording of the detector
position and any changes to it in the DCS database, something previously impossible.

At the turn of 2024/2025, the new system was used in two experimental sessions and
fully demonstrated its effectiveness and reliability. Future plans include upgrading the
positioning system for the MPSD detector so that both calorimeters are controlled in a
similar manner.
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