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Abstract: To celebrate world year of astronomy in 2009, the Taipei Astronomical Museum conducted a special exhi-
bition on the topics of “fundamental particle and cosmic ray”. We made a door-like cosmic rays detector, called cos-
mic-gate, and it was placed at the entrance of exhibition hall. Cosmic-gate consists of five plastic scintillators and 6 
sets of photomultiplier tubes and read-out electronics. Triggered events are recorded and displayed in a big-screen 
monitor. Spectators can know how many secondary cosmic rays pass through this area when they step into the exhibi-
tion hall through the Cosmic-gate. This paper describes the details of cosmic-gate and present some data collected 
during exhibition and the following year.  
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1 Introduction 
To celebrate the International Year of Astronomy and 
promote understanding of fundamental particles and 
cosmic rays, the Taipei Astronomical Museum (TAM) [1] 
invites our group and some other colleague in Taiwan to 
produce a special exhibition with title of “Cosmic Rays 
and Fundamental Particles”. 
 
Besides poster exhibition, there are three types of cosmic 
ray detectors on display: a wire chamber (a permanent 
display of TAM), two cloud chambers (one 0.2 m � 0.2 
m and the other 1.5 m � 1.5 m), and a scintillator counter 
array, which is build by our group. We called it Cosmic-
gate because it was placed at the entrance of the exhibi-
tion hall as shown in Figure 1 and 2. 
 

 
Figure 1: Cosmic-gate is located at entrance of exhibition 
area inside Taipei Astronomical Museum. Scintillators A 
and B are placed in the South-West corner.  

Section 2 describes the three sub-systems of Cosmic-gate.  
Section 3 reviews some results from operation of Cos-
mic-gate in the last two years. Last section summarized 
the achievements of Cosmic-gate. 
 

 
Figure 2: A photo of visitors entering the exhibition area 
through Cosmic-gate. 
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2 Cosmic-gate 
Cosmic-gate consists of three sub-systems, a cosmic ray 
detector (CRD), a data acquisition system (DAQ), and a 
data management system (DM). Figure 3 shows the sys-
tem block diagram of Cosmic-gate. 
 

 
Figure 3: System block diagram of Cosmic-gate. 
 
2.1 Cosmic ray detector 
We use plastic scintillators (Saint-Gobain BC408) to 
detect secondary cosmic rays, and arrange scintillators in 
the shape of an inverted U-shape structure. Figure 4 
shows he configuration of Cosmic-gate. There is one 
scintillator (dimension 40 cm  � 50 cm � 1 cm), fish-tail 
light guide, and one photo-multiplier tube (PMT) in de-
tectors A to D. Detector E use a large scintillator (100 cm 
� 50 cm� 1 cm) and two PMTs. In total, six PMTs (Ha-
mamatsu R2154-02, 2” diameter, and flat head) and the 
resister-chain socket (Hamamatsu E1198-07) are used. 
Each PMT has a signal and a high-voltage cable con-
nected to a daughter board in electronic box.  

 

 
Figure 4: Configuration of Cosmic-gate. Four scintilla-
tors, marked with A ~ D are on the side walls. A large 
scintillator, E, is on top of the gate. 
 

2.2 Data Acquisition (DAQ) Box 
The DAQ box consists of three parts, a low voltage pow-
er supply (LVPS), a mother-board (MB) with six slots, 
and six daughter boards (DBs). Figure 10 at the last page 
show three pictures of DAQ electronics. 
 
LVPS: A commercial available adapter is used to con-
vert 110 VAC to 12 VDC, then step-down to 5V and 3.3 
V for various components. 
 
DB: Each DB holds front-end electronics and local high-
voltage power supply (HVPS) to support PMTs. Each 
PMT is connected to a compact high-voltage power 
supply (Matsuda, UR-2PN) on the daughter board. The 
output voltage is controlled by a voltage of 0-12 VDC. 
The front-end circuit first use a pre-amplifier to enhance 
the signal and then pass it to the comparator for fast trig-
ger. To prevent interference from digital circuit to the 
front-end analog signal, an optocoupler is used in be-
tween two circuits. 
 
MB: The mother board has six slots for DBs and back-
end electronics to count and process coincident events. A 
CPLD (XC95288XL, Xilinx) first searches and counts 
triggered signal; then searches and counts coincident 
triggers within one clock cycle of 50 ns. All counts are 
recorded in separate channels. Figure 5 illustrate 8 coin-
cident pairs 
 

 
Figure 5: Illustration and definition of 8 coincident pairs. 
 

2.3 Data Management 
Counting rates of PMTs and coincident pairs are trans-
mitted to the central computer through a USB port and 
stored on the hard disk in the MySQL data base. This 
computer uses Linux (Ubuntu 8.10) platform and hosts a 
web server. Data are displayed on the internet using PHP 
language. When this computer is connected to the Inter-
net, data can be viewed/accessed/retrieved from a web 
browser at anytime anywhere. We developed this data 
management system for out-reach programs for high 
school students to participate in a distributed cosmic-ray 
detector array experiment such as CRITE [2] or Quark-
Net –TW [3]. 
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Cosmic-gate event display is a custom-designed web-
page; a sample picture is shown in Figure 6. Data are 
updated every two seconds. This page is shown on a big-
screen monitor in between Cosmic-gate and the first 
poster of exhibition, which shows V. Hess’s balloon 
flight and the discovery of cosmic rays. 
 

 
Figure 6: A screen shot of event display. The left part 
shows the history of coincident triggers in the last 30 
minutes. The central part show the last trigger pairs and 
coincident trigger rate in the last 2 seconds. The right 
part show number of triggers of each direction and mean 
total trigger numbers in the last minute/hour/day.  
 

3 Physics and Results 
3.1 Acceptance and Event rate 
From the Monte-Carlo simulation, Cosmic-gate can 
detect charged particles, mostly atmospheric muons, 
from a wide range of directions. Based on the coordinate 
system defined in Figure 4, the differential geometrical 
acceptance of two detectors triggered by a single muon is 
shown in Figure 7. The total geometrical acceptance is 
approximately 3200 cm2 sr for the eight pairs of events 
 

 
Figure 7: Differential geometrical acceptance of Cosmic-
gate. The horizontal axis is the azimuth angle, which is 
measured from the lateral width of Cosmic-gate. Hence, 
trigger pairs AD and BC are close to � = 0�/360� or � = 
180� .  

3.2 Event rate 
The special exhibition at Taipei Astronomical Museum 
started in July 20, 2009 till Sep. 14, 2009. The cosmic-
gate operated continuously except shut down for two 
days during a typhoon hit northern Taiwan. Figure 8 

shows the raw data (without atmospheric pressure correc-
tion) from August 10th to 20th.   
 

 
Figure 8: Number of triggers per hour of Cosmic-gate 
from August 10th to 20th, 2009. 
 
Because of the floor plan of TAM, as shown in Figure 1, 
Cosmic-gate was oriented in South-West to North-East 
direction. Both trigger pairs (E, C) and (E, B) have simi-
lar zenith angle coverage, but the (E, C) pair is triggered 
by events coming from south-west to west and the (E, B) 
pair is triggered by events coming from east to north-east. 
The higher event rate of (E, C) than that of (E, B) is clear 
evidence of the East-West effect [4]. 

3.3 Atmospheric correction 
The atmospheric pressure correction was performed by 
the data taken during typhoon hitting our university area 
in summer 2010. The large change in atmospheric pres-
sure provides a good linear correlation, shown in Figure 
9. This negative correlation is related to the mean pro-
duction height of atmospheric muons. When atmospheric 
pressure is higher, muons are produced at higher altitude. 
Because muons is unstable and decays to electrons, 
therefore fewer muons arrived at ground level.  [4].  
 

 
Figure 9: Correlation of counting rate and atmospheric 
pressure measured by Cosmic-gate. 
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3.4 Mean Event rate 
According to the detected event rate and simulated ac-
ceptance, the atmospheric muon flux can be estimated by 

AΩ
R

TAΩ
Nflux �� 

, 
where N is number of events, T is exposure time, A is 
area, � is solid angle, R is event rate and R=N/T. The 
combined A� is geometrical acceptance as shown in 
Figure 5. The total event rate of 6.1 Hz and total accep-
tance of 3200 cm2 sr correspond to a muon flux of  
19 cm-2 sr-1 s-1. This flux is lower than typical value [6] 
due to the strong azimuthally dependent acceptance 
shown in Figure 7 and East-West effect. 
 
4 Conclusions 
We constructed an inverted U-shape cosmic ray detector, 
called Cosmic-gate, for public education. Cosmic-gate 
comprises cosmic ray detectors (five scintillators and six 
PMTs), a compact DAQ system, and a web-based event 
display and database. Cosmic-gate was placed at the en-
trance of a special exhibition at Taipei Astronomical 
Museum from July 22 to September 13 in 2009.  This 
exhibition drew almost 1,000 visitors per day and was 
considered a great success since it attracted 50% more 
viewers than that of summer 2008.  
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Figure 10: The upper left picture is daughter board. The lower left picture is mother board. The right picture is the 
DAQ box.  
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