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Most cosmic particles around a detector in space near the Earth are protons. Sometimes, we
need to reject the protons to enhance the efficiency of particle experiments. In this study, we try
to find the proper thickness of a polystyrene scintillator to reject protons by using a Monte Carlo
simulation tool, GEANT4, which is a common tool in high-energy experimental physics. We assume
that a detector is shielded by a cylindrical shell polystyrene scintillator. Then, we inject protons,
with energies from 150 MeV to 10 GeV into the polystyrene scintillator. The multiple scattering
between a proton and the polystyrene molecules causes the protons to lose energy and finally stop.
By calculating the energy of proton lost in the scintillator, we could obtain information on the
shielding ability of polystyrene against cosmic protons.
PACS numbers: 29.40.Mc, 29.40.Wk, 95.30.Cq
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I. INTRODUCTION

energy in the detector including polystyrene proton veto
system, if the incident proton energy is less than 150

Our team has studied the experimental high energy
particle physics based on the cosmic particles for several
decades [1–3]. And we have studied the particle experiment with GEANT4 simulation tool for a decade [4,5].
A background rejection is the most important process to
enhance the efficiency of experiment. There are many
background particles coming from space, but a proton is
most common particle among them. In this study, we
focus to veto the cosmic proton background effectively
with a polystyrene scintillator.
The energy of proton coming from the space to the
near the Earth distribute from the very low energy to the
very high energy over 10 GeV. We consider, in this study,
only for the energy range from 10 MeV to 10 GeV of the
cosmic proton. But the actual considered energy range
of cosmic proton is over 150 MeV, because the stopping
length of 150 MeV-proton in polystyrene is around 150
mm or little more. When the detector size is several 100
mm, proton energy could be deposited the all kinetic

MeV.
The energy range of non-baryonic dark matter is from
1 GeV to –100 GeV. When we search for a non-baryonic
dark matter, the particles whose mass is similar to a nonbaryonic dark matter should be the major background
event. The particle in that range of energy is considered
to veto for enhancing the detection efficient. Especially,
we need to veto the cosmic protons among them in advance, because the amount of proton is the largest in the
whole cosmic particle. With vetoing the cosmic proton
we can enhance the detection efficiency of non-baryonic
search.

II. DETECTOR SETUP AND PROTON
BEAM
In this study, we used GEANT4 Monte Carlo simulation tool for investigating the interaction between cosmic
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proton and polystyrene scintillator. With GEANT4, we
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Fig. 1. (Color online) Cylindrical Shell: A polystyrene
scintillator whose thickness varies from 10 mm to100 mm
with 10 mm interval.
Table 1. Specifications of three volumes.
Volume
Shape

V1
V3
outside of shell cylindrical shell
(vacuum)
(polystyrene)

Radius

R > 200 mm

200 mm

Length
Thickness

300 mm
200 mm

300 mm
T3 =10 100 mm

V4
cylinder
(detector)
R=200 mm - T3
= 100–190 mm
300 mm

can calculate the deposited energy in a polystyrene scintillator by a cosmic proton.
We setup the cylindrical shell polystyrene scintillator
whose diameter is 400 mm and whose thickness varies 10
mm to 100 mm with 10 mm interval. This cylindrical
shell scintillator vetoes the background particles, especially the protons in this study. Inside of cylindrical shell
is filled with detectors. A cube in Fig. 1 shows a part

Fig. 2.
setup.

(Color online) Three volumes of geometrical

of detector. In an actual experiment, a cosmic proton
beam hits a detector isotropically. In this simulation,
we inject the proton beam perpendicular to the cylindrical detector, because we focus on the proton background
vetoing in this study. In Fig. 1 a dotted arrow shows
an incident cosmic proton and its direction while a cube
inside of cylindrical shell shows a part of whole detector.
Also, we do not install a lid because of a same reason.
For convenience, we categorized a geometrical setup
into 3 parts; volume1 (V1) for the outside space of cylin-

In Fig.2, we can see the incident proton beam, hitting
V3, coming from left side to right in x-direction. We set
the energy of input particle as 150 MeV, 1 GeV, and 10
GeV. When we measure the amount of proton energy
absorbed in a cylindrical detector (V4), we can calculate
the proton vetoed rate by V3. In other words, a proton
vetoing rate by V3 is inversely proportional to the penetrated proton through V3 and hitting V4. The amount
proton energy absorbed by V3 is available, too.

drical shell, volume3 (V3) for the cylindrical shell itself,
and volume4 (V4) for a cylindrical detector. Table 1
shows the names of three volumes and dimensions and
Fig. 2 shows a schematic view of each volumes of geometrical setup.

III. RESULT AND ANALYSIS
Figure 3 shows the reproduced secondary particles
produced by interaction between detector including

A Simulation Study to veto the Cosmic Proton with a Polystyrene Scintillator – Jong-Kwan Woo

37

Fig. 3. (Color online) Reproduced secondary particles
for 10 mm thick polystyrene.

Fig. 5. (Color online) Absorbed dose rate in the volume
3.
dose rate of proton beam whose energy 150 MeV or more,
Fig. 4. (Color online) Reproduced secondary particles
for 40 mm thick polystyrene.

because of stopping of proton in volume 4; 150 MeV or
less energy proton produces a Bragg peak in the volume
4. When the particle produces Bragg peak, the particle

polystyrene of which thickness is 10 mm shell and the
incident protons while Fig. 4 shows the secondary particle for a 40 mm thick polystyrene shell. The first figures
from the left in Fig.3 and 4 are for the energy of 10 MeV
protons and the particles absorbed by shielding. The
following figures, seconds from the left, shows for the energy of 150 MeV proton beams, the particle penetrates
volume 3 (V3), stop in the volume 4 (V4), which means
the detector inside of shielding. And the following third
and fourth figures in Fig. 3 and 4 show the reproduced
secondary particles for 1 GeV and 10 GeV incident proton beams. We can see that the higher incident proton
beam produces the more secondary particles.
Table 2 shows the simulation results. The first column
indicates the thickness, T3, of cylindrical polystyrene
shell, V3. The first row indicates the incident proton energy and volume in which the proton energy deposited.
For example, V4 (10 GeV) means that the 10 GeV proton
beam is going to the volume 4 in the simulation geometry. Each number below the first row except the first
column shows the relative absorbed proton energy in the
volumes 3 and 4.
For low energy, 10 MeV, proton beam, there is no energy deposition in volume 4. We calculate the absorbed

stops and deposits all the energy in the volume.
Figure 5 shows the absorbed dose rate curves in volume
3 for incident proton beam energies 150 MeV (solid line),
1 GeV (dashed line), and 10 GeV (dotted line). The absorbed dose rate in volume 3 is proportional to the background event vetoing rate by volume 3, the polystyrene
scintillator. For the low energy incident proton beam,
150 MeV, the thicker polystyrene shell vetoes the more
proton beam. For the higher energy proton beam, 1
GeV or more, 20

40 mm thick polystyrene vetoes the

more proton beam relatively. Especially 40 mm thick
polystyrene scintillator provides the highest vetoing rate
for high energy proton over 1 GeV. Even though the vetoing rate is higher for the higher energy relatively, the
total energy of penetrated proton is bigger for the higher
energy proton.
Figure 6 shows the absorbed dose rate curves in volume
4 (V4) for incident proton beam energies 150 MeV (solid
line), 1 GeV (dashed line), and 10 GeV (dotted line). As
we mentioned above, we are interested in the absorbed
dose rate in volume 4. The absorbed dose rate in volume
4 is proportional to the background event rate detected
by volume 4.
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Table 2. Absorbed dose rate in the volume 3 and 4.
1 cm
2 cm
3 cm
4 cm
5 cm
6 cm
7 cm
8 cm
9 cm
10 cm

10 MeV
1.35E-09
6.66E-10
4.48E-10
2.74E-10
2.74E-10
2.38E-10
6.66E-10
1.95E-10
1.87E-10
1.68E-10

V3 (150 MeV)
2.01E-09
1.86E-09
1.65E-09
1.60E-09
1.54E-09
1.51E-09
1.35E-09
1.37E-09
1.32E-09
1.31E-09

V4 (150 MeV)
2.38E-09
2.23E-09
2.20E-09
2.06E-09
1.87E-09
1.78E-09
1.35E-09
1.45E-09
1.29E-09
1.15E-09

V3 (1 GeV)
1.20E-09
1.30E-09
1.44E-09
1.45E-09
1.40E-09
1.35E-09
1.38E-09
1.33E-09
1.27E-09
1.23E-09

V4 (1 GeV)
1.62E-09
1.73E-09
1.80E-09
1.80E-09
1.69E-09
1.35E-09
1.63E-09
1.58E-09
1.53E-09
1.49E-09

V3 (10 GeV)
1.70E-09
2.09E-09
2.15E-09
2.16E-09
1.98E-09
1.35E-09
1.75E-09
1.62E-09
1.61E-09
1.60E-09

V4 (10 GeV)
1.84E-09
1.95E-09
2.45E-09
2.49E-09
2.31E-09
1.35E-09
2.10E-09
1.90E-09
1.86E-09
1.84E-09

we measure the absorption rate of incident proton beam
in a cylindrical shell, V3, and a detector, V4. As a proton veto detector in which a detector installed. Finally,
we found that the 20–40 mm-thick polystyrene provides
the best rejection rate by V3 for the high energy proton
and the highest background rate in a detector, V4, for
the high energy proton over 1 GeV.
We concentrated on the cosmic proton veto in the
range of 1 to 100 GeV, because this energy range is similar to that of non-baryonic proposed. With vetoing the
cosmic proton we can enhance the detection efficiency of
non-baryonic search.
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