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Two-dimensional Beam Profile Monitoring by Using a LYSO Crystal
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We made a prototype two-dimensional proton beam profile monitoring system by using a LYSO
scintillation crystal attached to a photomultiplier tube mounted on a 2-dimensional scanner. We
measured the beam profiles of the 45-MeV proton beam from the MC-50 cyclotron at the Korea
Institute of Radiological and Medical Science by using our system. We measured the energy and the
flux of the proton beam simultaneously as our device moved over a 2-dimensional area of 180 × 180
mm2 . To measure the two-dimensional beam profile, we scanned from −90 mm to +90 mm along
the x-axis, as well as along the y-axis. We also scanned the beam profile along the two diagonal
lines from the point (−90, −90) to the point (90, 90) and from the point (−90, 90) to the point (90,
−90). From these measurements, we showed the possibility of our prototype system being used as
a two-dimensional proton beam profile monitoring device.
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I. INTRODUCTION

Originally, proton accelerators were invented to study
elementary particle physics. Nowadays, they are used
in various branches of sciences such as elementary particle physics, nuclear physics, semiconductor detector development, medical imaging, radiotherapy, etc, which
need proton beams with monochromatic energy. In these
many branches of proton accelerator applications, it is
very important to monitor the beam profile in real time.
To monitor a proton beam in real time, we should have
a proton detector that has a fast response time, good
energy resolution, and strong radiation hardness.
Inorganic scintillators such as BGO, GSO, and LYSO
are well-known scintillation crystals. Their scintillation
properties and radiation hardness are shown in Table 1
[1]. Table 1 shows that the LYSO crystal has good scintillation properties, such as a large light output, good
energy resolution, a short decay time, and a very strong
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radiation hardness of larger than 106 Gray. From this, we
see that a LYSO crystal can be recommended as a candidate for a proton beam monitoring device. We made
our prototype 2-dimensional proton beam profile monitoring equipment by using a LYSO scintillation crystal
attached to a metal packaged E5780 PMT (photomultiplier tube) of 8 mm in diameter (Hammamatsu Co.)
mounted on a 2-dimensional scanning tool - movable target stage. The homemade 2-dimensional scanning tool
(movable target stage) was composed of LabView-based
devices. We used a 45-MeV proton beam with a 1.0-nA
beam current to measure the beam energy and flux. We
located our equipment 150 cm from the end of the proton
beam pipe of the MC-50 cyclotron. The 50-MeV protonbeam test facility at the MC-50 cyclotron of KIRAMS
(Korae Institute of Radiological and Medical Science)
was established by the PEFP (Proton beam Engineering
Frontier Project) of the Korea Atomic Energy Research
Institute (KAERI) [2]. In this facility, we can use a proton beam with a monochromatic energy and very low
beam fluxes, 104 ∼ 1010 protons/cm2 s.
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Table 1. Properties of LYSO, GSO, and BGO crystal scintillators [1]
Crystal
Number of photoelectrons per 662-keV gamma ray
Energy resolution (%) at 662 keV (FWHM)
Decay time (ns)

LYSO
4910 ± 250
8.9 ± 0.4
48.5 ± 1.7

Radiation hardness (Gray)

>106

GSO
1930 ± 100
8.9 ± 0.4
65.2 ± 2.3
605.8 ± 21.2
>106

BGO
880 ± 40
11.7 ± 0.5
300
102−3

Fig. 1. Schematic diagram of the sensing device.

II. EXPERIMENTS
We cut a LYSO scintillation crystal in dimensions of
7 × 5 × 30 mm3 . All surfaces of the crystal were wrapped
with Teflon tape, followed black tape, except for one
surface which was attached to a metal-packaged E5780
PMT of 8 mm in diameter. This crystal and PMT were
packed a Teflon pipe to tighten them. One end of the
Teflon pipe was filled with a 1-mm-diameter lead collimator. The package, composed of the Teflon pipe, the
lead collimator, the LYSO crystal, and the PMT packed
in the Teflon pipe, forms a sensing device for proton
beams. A schematic diagram of the sensing device is
shown in Fig. 1. This sensing device was loaded on a
homemade moving target stage (LabView-based device).
The sensing device and the moving target stage form our
2-dimensional proton beam profile monitoring system, as
shown in Fig. 2.

1. MC-50 Cyclotron

The beam line of the MC-50 cyclotron is composed of
a collimator, a Faraday cup, a vacuum tube for beam
drift, bellows for easy alignment, a beam profile monitor
(BPM), an exit window for an external beam, a phosphor
screen, a scattering foil, energy degrader, a target stage,
an irradiation uniformity measurement system, a dose
measurement system, an energy measurement system,
etc [3, 4]. We located our beam profile monitoring tool
150 cm form the end of the beam pipe of the MC-50
cyclotron. We aligned the center of the moving target
stage with a line that looked like a geometrical center
line of the proton beam, as shown in Fig. 2.

Fig. 2. Location of our 2-dimensional beam profile monitoring equipment.

We used a 45-MeV proton beam with a 1-nA beam
current for this study. The 45-MeV incoming proton
beam passed through a 0.2-cm-thick aluminum window
capping the beam pipe. Then it flowed about 150 cm
through air and finally went into a 1-mm-diameter lead
collimator. Finally, the energy of the 45-MeV incoming
proton beam at the scintillating LYSO crystal had been
degraded to 37.5 MeV after passing through the system
[5].

2. Experimental Setup

We measured the energy and the flux of the proton
beam simultaneously as our device was moving on a 2dimensional area of 180 × 180 mm2 . The proton beam
from the end of the beam pipe of the MC-50 cyclotron
went about 150 cm and then came to a the LYSO crystal
via a 1-mm-diameter lead collimator. The scintillation
light emitted form the LYSO crystal stimulated by protons went into a metal-packaged E5780 PMT of 8 mm in
diameter, to which a high voltage of −450 V had been
applied. The electric signals from the PMT were fed into
a preamplifier, and signals were multiplied 100 times and
10 times simultaneously. To measure the proton beam
flux, the 100-times-amplified signal was fed into the discriminator (Disc) for the proton signal tagging. The output signal of Disc was sent into a gate-and-delay generator to make it the transistor-transistor logic (TTL)
signal. The TTL signal was fed into an ATMEGA 128
embedded board and then into a personal computer. The

-2120-

Journal of the Korean Physical Society, Vol. 56, No. 6, June 2010

Fig. 3. Schematic diagram of the experimental setup for
simultaneous measurement of the proton beam flux and energy.

data were analyzed with a C++ data analysis program
based on the ROOT package [6]. For the simultaneous
measurements of the proton beam energy, the 10-times
amplified signal was sent into a 200-MHz Ethernet-based
flash analog-to-digital converter (FADC) board, which
was used to digitize the analog signal [7]. The FADC
output was recorded in a personal computer, and the
data were analyzed by using a C++ data analysis program. A schematic diagram of the experimental setup
for the simultaneous measurements of the proton beam
energy and flux is shown in Fig. 3.

Fig. 4. (Color online) Proton beam flux distribution along
the x-axis.

III. RESULTS AND DISCUSSION
1. Flux Profile

To measure the 2-dimensional beam profile, we
scanned from −90 mm to +90 mm along the x-axis, as
well as along y-axis, which were transverse to the beam
line of the 1-nA beam current. We also scanned the beam
profile along the two diagonal lines from the point (−90,
−90) to the point (90, 90) and from point the (−90, 90)
to the point (90, −90). First, we measured the proton
beam profile as the sensing device was moving in the
slow mode along the x-axis and the y-axis at a constant
speed of 0.3 mm/s on the moving target stage. Then, we
moved the device in the fast mode along the x-axis, the
y-axis, and along two diagonal directions at a constant
velocity of 3 mm/s. The results of the flux measurements are shown in Fig. 4. ∼ Fig. 7. As shown in these
figures, we can see that the flux of the proton beam of
the MC-50 cyclotron is distributed as a Gaussian in a 2dimensional section transverse to the beam line. Figures
4 and 5 show that the center of our moving target stage
was off-center to the left by 13.0 mm and downward by
32.0 mm. Nevertheless, these show that the fast scanning mode and slow scanning mode are approximately
equivalent. Especially, the centers of the flux distributions of both scanning modes are consistent with each
other within experimental error, if we consider the di-

Fig. 5. (Color online) Proton beam flux distribution along
the y-axis.

ameter of the lead collimator used in the measurements.

2. Energy Profile

We measured the energy of the proton beam of the
MC-50 cyclotron at the same time the flux was being
measured. Because the results of the scans in the xdirection, in the y-direction, and in two diagonal directions are equivalent, we show only the results for the
x-direction, one in the fast mode and the other in the
slow mode, as shown in Figs. 8 and 9.
The energy resolutions at the edge for the slow and fast
modes are 2.8% and 3.4%, respectively. Within errors,
there are consistent results. However, the energy resolution became worse at the center of the proton beam line.
Since there is a higher proton flux at the center of the
beam line than at the edge as shown in Fig. 8 and Fig.
9, pile up of the signal could cause the energy resolution
to become worse. To avoid this problem, either we need
to use a smaller lead collimator to reduce the proton flux
or develop a pile up rejection algorithm.

Two-dimensional Beam Profile Monitoring by Using a LYSO Crystal – Sang Jun Kang et al.

-2121-

Fig. 6. Proton beam flux distribution along the line y = x.

Fig. 8. (Color online) Proton beam energy scanned along
the x-axis in the slow mode.

Fig. 7. Proton beam flux distribution along the line y =
−x.

Fig. 9. (Color online) Proton beam energy scanned along
the x-axis in the fast mode.

IV. CONCLUSION
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We made a prototype 2-dimensional proton beam profile monitoring device, and we measured the profile of the
proton beam of the MC-50 cyclotron by using our tool
in a two-dimensional area of 180 × 180 mm2 . We used
a 45-MeV proton beam with a 1-nA beam current. We
scanned in two modes, the fast mode and the slow mode.
From our measurements, we show that our prototype 2dimensional beam profile equipment can be used as a
2-dimensional real-time beam profile monitoring device.
We can use this 2-dimensional beam profile monitoring
setup in the proton beam line, and we can be monitor
the beam profile in real time.
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