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Abstract

The IRRAD Proton Facility at CERN relies on locally
designed beam-profile monitors (BPM) to supervise the high-
intensity 24 GeV/c proton beam extracted, for irradiation-
experiment purposes, from the CERN Proton Synchrotron.
Based on metal-nano-layer sensors and readout electronics
leveraging a Charge-Sensitive Amplifier with integrated 20-
bit ADC and ARM controller, such a BPM features minimal
particle interaction, good radiation hardness, and high sensi-
tivity. Yet, the growing users’ demand for precise irradiation
of modern electronics requires ever more detailed beam in-
formation, thus driving the introduction of future IRRAD
upgrades.

In this paper, we investigate whether improved irradiation
precision can be obtained by leveraging the presence of an
additional IRRAD-based detector, a MultiWire Proportional
Chamber (MWPC). Using beam-profiling data collected
both at the BPM and MWPC levels over a period of multiple
days, we performed a comparison analysis of data-driven
analytical models of both sensors. Given that MWPC pro-
vides wider spatial coverage, with a bit lower precision, than
BPM but is not as radiation-hard, we suggest that data fu-
sion guided by both models and advanced data-processing
software can be used to enhance the apparent characteristics
provided by the IRRAD BPM-based beam-profiling system.
These results are crucial for the future improvements needed
to handle the profile monitoring of new types of beams in
IRRAD, e.g., heavy-ion and low-intensity proton beams.

INTRODUCTION

The IRRAD facility, located on the T8 beamline of the ex-
perimental East Area at CERN, exploits a 24 GeV/c proton
beam extracted from the Proton Synchrotron (PS). Dedi-
cated Beam Profile Monitor (BPM) sensors are used there
to constantly perform quality monitoring of the transverse
proton- or ion-beam profile, which is, nominally, Gaussian
with a size of 12 x 12 mm? FWHM (Full Width at Half
Maximum) [1].

Each Beam Profile Monitor (BPM) sensor developed
at IRRAD, based on the Secondary Electron Emission ef-
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fect [2], features a matrix of 39 pixelated metal pads of about
4x4 mm? area (see Fig. 1). Its spatial resolution (distance
between two pad centers, either horizontally or vertically) is
4.5 mm. Each BPM is connected to a 40-channel dedicated
electronic Data Acquisition (DAQ) system that samples the
data stream of each pad to eventually 32-bit stored floating
point numbers, yielding an average bandwidth of almost
10 Mb/day per BPM.

Figure 1: Graphical model of a BPM-sensor printed circuit
board (PCB) (left-hand side), confronted with an example
of measurement data seen as an image (right-hand side).

Such BPMs feature minimal particle interaction, good ra-
diation hardness and high sensitivity. Yet, the growing users’
demand for precise irradiation tests, in particular for modern
electronics, calls for ever more detailed beam information,
thus driving the introduction of future IRRAD upgrades.
Since designing, manufacturing, and testing improved beam
profiling sensors is both time-consuming and expensive, one
way to, at least temporarily, address these new requirements
may be to synthetically improve the current characteristics
of BPMs via data fusion using supplementary sensor infor-
mation.

In this paper, we suggest that the data extracted from si-
multaneous beam-profiling measurements from both BPMs
and a wide MultiWire Proportional Chamber (MWPC) can
be used to improve the overall performance of BPMs, even
after removal of the MWPC. This type of data-fusion ap-
proach using multiple sensors has been shown to be quite
effective in fault detection and system diagnosis [3].

In the sequel, we describe the experimental protocol we
followed, present the collected data, illustrate how data fu-
sion can be applied to the current BPM system to improve its
characteristics, and conclude before discussing future work.
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EXPERIMENTAL PROTOCOL

We used two measuring devices during this experiment.
A MWPC device was positioned in the IRRAD experimental
area upstream from the tables where the Devices Under Test
(DUT) are installed (see Fig. 2). This sensor is equipped
with 32 wires horizontally (and 32, vertically), spaced 6
mm each; the total area is 10 x 10 cm? [4]. The second
device is the existing BPM 2 (out of 4) from the IRRAD
infrastructure [1]; it is located about 3.5 m downstream from
the MWPC.

During a 4-week data-acquisition campaign (from 19
March 2025 to 16 April 2025), we collected data under
different experimental settings, both! for the MWPC voltage
(from 60 to 150 V) and the PS proton beam intensity (from
4 x 1019 to 8 x 10!! protons per spill). This volume of data
allowed us to carefully select the test samples for this case
study. To perform the analysis in the operational sensitivity
range of both detectors, we used the test data corresponding
to a beam intensity equal to 4 x 10! protons per spill.

Figure 2: The protons from the PS T8 beamline exit the beam
pipe on the left of the picture, transit rightward through the
MWPC (in yellow) before reaching the IRRAD motorized
shuttle for DUT management, near the back wall.

RESULTS

We compared the measurements performed, at the same
time, by the MWPC and BPM. Figure 3 provides processed
excerpts of such data (taken in the period 21-23 March 2025),
together with their Gaussian fits along the X and Y axes.
These plots represent the averaging over 300 simultaneous
measurements (one per spill), giving us the average one-hour
characteristic of a spill.

One can notice that the beam appears non-centered when
looking at the MWPC plots, while the BPM ones indicate
perfect alignment. This is probably due to the fact that the
BPM were carefully positioned using sensitive geolocation
equipment, which was not available when introducing the
MWPC for this experiment. Its setup is very similar to the
irradiation of a DUT. The MWPC sits on a remote-controlled
stage (also described as a “table”) and is positioned in-beam
only when the test begins.

! The IRRAD BPM is a passive device.
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Figure 3: Average data and their Gaussian fits, in red, along
the X- and Y-axes of BPM (top) and MWPC (bottom) sen-
sors.

Even though one could expect, on physical grounds, that
these measurements would fit a Gaussian distribution, one
can visually notice that, at least in the case of MWPC, the
data suggests that the beam is not gaussian, neither along
the X nor the Y axis (see also Fig. 4). Indeed, the signal
measured at the tails is not converging to zero as fast as a
Gaussian distribution would require, and the maxima exceed
their fits. It is more difficult to visually assess whether such
a non-Gaussian behavior is also present for the BPM. Yet
a Shapiro-Wilk test yields a p-value of 0.0 (also in words:
zero), thus supporting this claim: the transverse beam pro-
file measured with multiwire chamber is not Gaussian. We
surmise that such a result could be explained by (1) the mea-
surements taking place outside of the transfer line and/or (2)
interactions of protons with air along the way.

BPM POSSIBLE IMPROVEMENTS

The non-Gaussian nature of the IRRAD T8-line proton
beam suggests that a better profile could be provided to
monitor the beam characteristics, either for the irradiation
experiments performed at IRRAD, but also upstream, for
beam management at the PS control level. Even though
the MWPC data distribution is not Gaussian, it should be
possible to fit it with a better-suited parametric model, e.g., a
Voigt distribution, often used when dealing with atmospheric
artifacts (see, e.g., [6]), or Student’s t-distribution, used to fit
particle scattering data (see, e.g., [7]). The impact of such a
correction on future experiments should also be assessed.

The MWPC and BPM detectors provide quite comple-
mentary features:
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Figure 4: Beam profile captured via a “beam TV” (BTV) [5]
radiating screen (PS control center). This kind of beam
imaging is performed “on-demand”. The BTV screen, in-
serted within the beam trajectory for measurement purposes,
cannot stay in-beam all the time, since the observation is
destructive to the beam properties (due to caused absorp-
tion and scattering), and, conversely, a high-intensity beam
causes damage to the screen itself.

» the BPM supports better spatial resolution, but less
coverage of the beam field than the MWPC;

* the BPM provides centered horizontal and vertical lines,
which the MWPC lacks (no centered wires);

* the MWPC cannot stay long in beam, since it is not as
radiation hard as the BPM, which can sustain the high
PS beam intensities.

We thus intend to use, in the future, data fusion to enable
enhanced measurements at the BPM level. We envision that,
building on the MWPC-informed model mentioned above,
the BPM acquisition system could be digitally enhanced
accordingly. For instance, using MWPC-informed synthe-
sized data could be useful when BPM measurements exhibit
saturation, as they sometimes currently do. Another venue
for development could be the creation of a “virtual BPM”
that builds upon the use of machine-learning techniques to
artificially introduce additional, “synthetic” BPM pads.
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CONCLUSION AND FUTURE WORK

We perform a comparison experiment between a MWPC
and a BPM to better characterize the IRRAD beam-
monitoring capabilities. Preliminary results suggest that
the Gaussian hypotheses used to model the PS T8 line beam
are not warranted.

We intend to use the collected data to provide a better mod-
eling of the IRRAD BPM system, while possibly improving
the sensitivity of the current beam-profiling detectors via
data fusion with MWPC-informed information.
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