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A B S T R A C T

We present two novel beam monitors designed for use in current PSI muon beams and upgradable for
the High Intensity Muon Beam (HIMB) project beamlines: the scintillating fibre (SciFi) detector, a grid of
scintillating fibres coupled to SiPMs, and the MatriX detector, a matrix of plastic scintillators coupled to silicon
photomultipliers (SiPMs), both detectors having particle ID capability. The advantage of these highly segmented
detectors is the capability to withstand the high beam rate and to perform total beam rate measurements.
Furthermore, the use of the SiPM as a photosensor enables operation of these detectors in high magnetic field
environments (up to 1.25 T). Both detectors have been tested in the beam at PSI and with continuous beam
rates up to 108 μ+/s. The performance of these detectors as measured on the beamlines are presented.
. Introduction

Muon beam monitoring requires detectors able to perform particle
D due to the presence of contaminants such as electrons, positrons and
ions. For beams with energy (1MeV) it is possible to discriminate
uons, pions and positrons through energy deposition and TOF mea-

urements. Specifically, at PSI, it is necessary to have highly responsive
etectors to cope with the high beam rates (108 μ+/s) and (109 e+/s).

We developed two beam monitoring tools for intense low-energy
uon beams at PSI based on plastic scintillators coupled to SiPMs:

he SciFi detector [1], a grid of scintillating fibres and the MatriX
etector, an array of plastic scintillators. The SiPMs of both detectors
re connected to the WaveDAQ system [2] based on the DRS4 chip [3]
hat can both supply power to and read out the sensors.

The current geometry of the detectors is optimized according to
eam size and energy at the measuring point: for the MEG II exper-
ment [4], the beam spot 𝜎𝑥,𝑦 ranges between 12mm and 20mm at
8MeV∕𝑐 depending on the measuring point.

Both detectors can perform both total beam rate and profile mea-
urements, that can be exploited to tune high-intensity muon beam-
ines, and can operate both in vacuum and in high magnetic fields (up
o 1.25 T). The SciFi detector is quasi non-invasive and as such it can
e included along the beamline with a motor system to be inserted for
onitoring at demand. The MatriX detector is completely destructive

ut it is designed to fit the limited space available at the centre of the
EGII experiment.

∗ Correspondence to: Paul Scherrer Institute, 5232 Villigen, Switzerland.
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2. The SciFi detector

The SciFi detector is a grid of 42 20-cm long multi-clad square
0.5-mm wide BCF-12 scintillating fibres manufactured by Saint-Gobain
coupled at each end to an S13360-1350CS SiPM from HAMAMATSU.
The fibres are divided into two 5-mm spaced perpendicular layers of 21
fibres each, as shown in Fig. 1 to measure the beam profile in the two
transverse directions. The fibres are spaced by 5 mm and aluminum-
coated for higher scintillation light collection efficiency and negligible
optical cross-talk.

The SciFi detector is by design quasi-non-invasive, as 80% of the
beam pass through the fibres gaps, allowing in principle for online
beam monitoring.

3. The MatriX detector

The MatriX detector is a 9 × 9 matrix of BC400 plastic scintillators
from Saint-Gobain coupled to S13360-1350CS SiPMs from HAMA-
MATSU. The SiPMs are soldered onto a printed-circuit board (PCB)
(Fig. 2) spaced by 6 mm. The scintillating elements used depend on
the type of muon beam to be detected:

• Surface muon beams (26–30 MeV/c): (2 × 2 × 2)mm3 sized scin-
tillating cubes. The muon is stopped inside the scintillator. The
size is chosen so that the cube side is almost twice as long as the
range of surface muons in BC400 (∼1.1 mm).
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Fig. 1. Front view photograph of the SciFi detector mounted in its vacuum chamber

long the beamline.

Fig. 2. Left: PCB with SiPMs used for the MatriX detector. Right: MatriX detection
schemes with (top) and without (bottom) light-guide.

• Low-energy sub-surface muon beams (<26 MeV/c): square (0.2 ×
2 × 2)mm3 scintillators glued with optical cement on 2-mm sized
cubic, plexiglass light guides. The light guide has a two-fold func-
tion stopping muons before they reach the SiPMs and spreading
the scintillation photons uniformly on the effective area of the
SiPM.

4. Results and conclusions

The first complete prototype of the SciFi detector has been suc-
cessfully working in a muon beam with a 𝜎𝑥 = 12.4mm by 𝜎𝑦 =
19.8mm beam-spot size and total intensity of 1.8×108 μ+/s rate, allow-
ing for consistent separation between muons and positrons. With the
WaveDAQ FPGAs, it is possible to perform full 2D scans (Fig. 3) by
requiring coincidences between perpendicular fibres and to measure
beam correlation between the two transverse directions. An upgraded
version of SciFi should be completed by the end of 2022 with an
insertion system allowing for beam measurements on demand.

The first complete prototype MatriX was successfully tested in a
surface muon beam. During the 2021 MEG II beam commissioning, we
tested the 0.2-mm thin scintillator with and without a plexiglass light
guide, finding that the light guide allows for separation between muons
and background (Fig. 4) when measuring in low-energy muon beams.
A complete MatriX detector implemented for sub-surface beams, using
a light-guide is expected by the end of 2022.
2

Fig. 3. A 2D beam profile measured using the SciFi detector during 2021 MEG II beam
commissioning. The measured rate is 1.8 × 108 μ+∕s. The red lines show a gaussian fit
o help better recognizing the beam spot, but the beam parameters are evaluated with
n interpolation.

Fig. 4. Muon-to-background separation using 0.2 × 2 × 2mm3 scintillators with (blue)
and without (red) the plexiglass light guide. Without light guide it is not possible to
distinguish muons and background as scintillation photons are generated close to the
SiPM illuminating a small amount of pixels.

Both detectors were successfully tested up to a few 108 μ+/s and will
be upgraded for HIMB [5] operations to cope with intensities up to few
1010 μ+/s.
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