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Abstract Due to its advantages in large-area application
situations, the R&D of the resistive plate chamber (RPC)
has always been carried out. A performance test station for
RPC R&D has been designed and developed based on the
VME bus and ROOT in Linux. This system can be cus-
tomized expediently according to the requirements of dif-
ferent tests, which facilitates detector R&D because of its
automatic HV scan, especially for long-term test. With this
system, we have implemented the RPC performance test,
including the efficiency curve, counting rate, dark current
and charge and timing resolution.

Keywords Resistive plate chamber - VME - ROOT -
R&D - Test station

1 Introduction

Because of its simple structure, high efficiency, and low
cost, the resistive plate chamber (RPC) has been employed
in many high-energy physics and astrophysics experiments,
such as BaBar [1], Belle [2], OPERA [3], BESIII [4], the
Daya Bay experiment [5, 6], and those at LHC [7-9]. At
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the same time, a number of studies on improvements made
in the RPC are also being constantly implemented since its
invention in the early 1980s [10]. There is no doubt that the
performance test is an inevitable process for RPC R&D,
including the front-end electronics study [11, 12], and the
long-term aging study [13]. Therefore, we have developed
a test station to meet the research requirements for RPC.
The test station based on ROOT and VME has the fol-
lowing advantages. The software for the VME interface,
data collection, and graphic display was based on the
CERN ROOT software development platform [14] and
written in C++ language. Due to these merits, when we
carry out different testing experiments, we need not make a
lot of changes to the software system or spend a lot of time
debugging the program. Besides, compared to the test
system developed in the Windows environment, the testing
system operated in Linux has a lower dependence on the
system and a greater stability [15]. We adopted the most
popular VME system for the hardware. Compared to
CAMAC, the VME bus is faster, which means a higher
data transmission rate. The study of the VME in detector
electronics for some experiments, such as the reactor
neutrino experiment at Daya Bay, has been implemented
successfully [16]. In addition, as an important part of the
test station, the high-voltage control system has gotten a
great promotion. The SY1527 power supply system, which
represents CAEN’s latest proposal for a high-voltage and
low-voltage power supply [17], has substituted the SY127
that we used before [18]. The high-voltage control system
can be controlled automatically by the program, which not
only maintains the integrity of the experiment but also
avoids intervention and relieves the burden on the experi-
menters. In short, this automated operating mode reduces
human intervention and accelerates experimental progress.
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In the test station, we used the VME crate, the QDC
plug-in, the scaler, and the TDC plug-in to set up a small
data acquisition system. With this system, we carried out
the preliminary test of the RPC and have achieved the
corresponding satisfactory results. In the next step of the
research, we plan to implement some experiments,
including the study of non-Freon gas mixtures for the RPC
detector and the influence of different humidities on the
RPC performance.

2 The hardware structure and function
of the system

A block diagram of test station’s hardware is shown in
Fig. 1, which is comprised of the gas control system, the
high-voltage supply system, the trigger system, the signal
processing system, the diagnosis system, and the data
acquisition system.

The functions of these systems are described below. (1)
The gas control system aims to supply working gas for the
gaseous detectors and monitor gas flow, which is essential
in the gas circulation process in terms of mass flow rate
measurement. By using the gas control system, we can get
information about gas mixtures for RPCs [19]. (2) The
high-voltage supply system provides the detectors with the
working electric voltage that they need, which plays an
important role in the R&D of the RPC. The SY1527 power
supply system can communicate with the computer via the
RS232_COM interface or the TCP/IP protocol [20]. The
supplier provides dynamic-link libraries [17] (CAENHV
Wrapper) based on Linux/Windows for users. The users
can realize the automatic control of the high-voltage sys-
tem by calling the dynamic-link libraries. (3) In the test
station, the trigger system that is comprised of three scin-
tillators aims to select effective pure muon events for
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Fig. 1 Connection of hardware of the test station
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triggering. Besides, in order to reduce the influences of
noise accidental coincidence (R,) [21], three scintillators
are used to generate a threefold coincidence of the signals
in the cosmic-ray muon test experiment. (4) The signal
processing system consists of the Model N844 discrimi-
nator and the Model N405 coincidence unit [22]. The
Model N844 discriminator accepts original negative pulse
signals generated by the detector and the telescope system
and then produces corresponding NIM outputs. These NIM
signals via the Model N405 coincidence unit are further
processed and then input into the data acquisition system.
In addition, the rate of accidental coincidence of noise can
be reduced through the logic “AND” to supply much purer
muon events for triggering. (5) The diagnosis system, such
as the oscilloscope, is aimed at monitoring the output
signal from every aspect and judges whether the output
graph is normal or not. (6) The data acquisition system,
including the VME crate, scaler, QDC plug-in, and TDC
plug-in, is responsible for collecting data and intuitively
presents the performance of the detector for the experi-
menters. The scaler is used to test the efficiency and
counting rate, and the dark current is obtained from HV
monitoring. As for the QDC and the TDC plug-in, they,
respectively, correspond to the testing of charge and timing
information. In a nutshell, these systems work together to
make up a complete testing platform although all of them
have respective functions.

The entire system is controlled by a PC operated in the
Linux system. The connection of PC and data acquisition
hardware is realized by the Model V2718, a 1-unit wide 6U
VME master module, communicating with the PC via
optical fiber cables. The working principle of the test
system can be described as follows. When the trigger logic
produces a starting signal to TDC or a gated signal to QDC,
the TDC model or the QDC model will start the process of
digital conversion and then stop the conversion when a stop
signal to TDC or at a rear edge of the gated signal, and
finally, a marking signal indicating completion of data
collection will be generated for reading. The counting rate
and the efficiency can be tested by using the PC to achieve
the count of the scaler unit within the given time. In
addition, the data will be stored in a text file. At the same
time, if necessary, the graphs displayed on the PC monitor
in real time can be copied to the specified file. When the
data acquisition is accomplished at a fixed point, the HV
system will automatically ramp up or down to the next test
point. The DAQ interface is shown in Fig. 2.

The performance of the RPC is very sensitive to the
running environment, such as temperature and humidity.
Now, a weather station is used to record environmental
variables with time, and then the environmental data can be
imported into the analysis for further study of the RPC
performance’s dependence on weather.
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Fig. 2 DAQ interface

3 The software structure and function
of the system

Flexibility and availability are the main factors to con-
sider when choosing which programming language to use
to develop a software system. C++, as an object-oriented
programming language, can easily realize these features. In
terms of the program structure, every plug-in stands for an
object; therefore, we only need to transform or add an
object to the program frame when we change or add a
VME hardware device. The advantages of the program
structure are summarized here. (1) The readability of the
program is improved greatly due to the resemblance
between software structure and hardware structure. (2) And
it reduces the burden on programmers. The programmers
can write the corresponding program with relative ease and
need not use too much vigor to debug the program, as long
as they know the hardware configuration. In the program,
each object has the functions for initializing, prohibiting,
reading data from and writing data into the corresponding
module. When these objects are established, the program
has been initialized the devices. So far, the programmers
have developed the base class of the VME plug-in and
some general plug-in classes. In the program system, the
base classes of VME plug-ins follow the method of virtual
function. Based on these reasons, for some special plug-ins,
they can become new special classes, as long as they
inherit the base classes and simply the special parts. As
shown in Fig. 3, we have realized the automatic control of
high-voltage through the software system. In short, this
kind of software structure has brought great convenience to
testing work.
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Fig. 3 High-voltage control interface

3.1 The test of counting rate and efficiency

To confirm the feasibility of the test system, we con-
ducted a cosmic-ray test experiment in which a special type
of oil-free Bakelite resistive plate chambers developed by
the THEP was used [23]. The special type of oil-free
resistive plate is produced by lamination at a high pressure
with its outmost layers pre-immersed into melamine—
formaldehyde resin, which guarantees an excellent surface
quality [24, 25]. The Model V560 scaler, a 1-unit wide
VME module providing 16 independent 32-bit counting
channels [26], is used to complete the testing of the
counting rate and efficiency. The testing principle of effi-
ciency is described in Fig. 4, a threefold coincidence of the
signals from the three scintillators as the input of the
number O channel, and a fourfold coincidence of the sig-
nals from the RPC and three scintillators as the input of the
number 8 channel. The inputs of the number 8 channel in
unit time stand for the counting rate of RPC within the
given time. The efficiency of the RPC is determined by the
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Fig. 4 Schematic diagram for the testing of counting and efficiency
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Fig. 6 Curve of the average efficiency

ratio between the number of fourfold coincidences and the
number of threefold scintillator triggers [27].

Before testing the counting rate and efficiency, we must
first initialize the program to set up the device object,
which includes the high-voltage module, the scaler module,
and the ADC module. We can set the experiment param-
eters in the control interface to meet the requirements of
the experiment. As shown in Fig. 3, the start and end
values of the voltage are adjusted, along with the voltage
step. Based on the voltage step, each testing point corre-
sponds to a fixed value and the test time of each point has
also been set. When everything is ready, we can click the
start button in the control interface. When the voltage
controlled by the program is up to an assigned value, the
data acquisition system begins to get the data information.
After completing the counting, the scaler is terminated by
the program and will wait for the voltage scanning to the
next working point. In order to reduce the experimental
error to a reasonable range, a large amount of data
requiring a long test time need to be collected. Based on
these reasons, each experimental point should be measured
several times to guarantee the reliability of data and to
maintain the system’s stability. During the experiment, the
experimenters can easily observe the count of each channel
of scaler and the efficiency of the detectors versus the high
voltage by using the diagram and data in real time. After
the experiment, all the testing data and figures are stored in
the named files, which are convenient to be analyzed fur-
ther. When the temperature of our laboratory is set at
20 £ 2 °C and the gas mixture used is Ar:C,H,F4:iso—
C4H g = 53:43:4, the test results of the performance of the
RPC in streamer mode for a few loops are displayed online,
as shown in Fig. 5. The three graphs, from top to bottom,
represent the curve of efficiency, the counting rate, and the
dark current, respectively. This test station system can run

(a)

600~ Mean 312.7
- RMS 229.5
500}
400[-
E -
€ r
< N
O 300[-
200
100~
oludi o Loy Loyy 1o Ty -
0 200 400 600 800 1000 1200 1400
Channel
(b) r
L Mean 5752
100— RMS 358.7
80
€ 60
: -
(=]
8 |
40—
20
[0y FPPETIN B U U SV
200 4000 5000 6000 7000 8000 _ 9000

Channel

Fig. 7 Test of signal charge (a) and time resolution (b)

periodically with the present HV range and HV step, so the
different data points at a given HV are from different run
loops.

Besides, it is convenient for us to analyze data offline.
Figure 6 is obtained by combining the data from a few
continuous test loops. If necessary, the experimenters can
automatically run loop by loop continuously, maintaining
continuity in the experiments.

3.2 The test of signal charge and time resolution
The testing of the signal charge and time resolution is
also important functions of the test system. We used VME

Model V965A QDC and V1290N TDC to realize the goals.
The Model V965A is a l-unit wide VME 6U module

@ Springer
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housing 8 charge-to-digital conversion channels and one
GATE input common to all channels. The principle of
operation is described as below [28]. When the GATE
input signal is active, the integrated currents received from
the channel inputs are converted into voltage levels by the
QAC sections. Each input signal is converted into two
parts: one featuring 100pC full scale and the other 900pC
full scale. They will only be stored in the data memory
when the values are above a specified threshold and
overflow doesn’t occur in the memory. The Model V1290N
is a l-unit wide VME 6U module that houses 16 inde-
pendent multi-hit event time-to-digital conversion channels
[29]. When the trigger logic produces a starting signal to
TDC, the TDC model will start the process of digital
conversion until receiving a stop signal from the RPC. The
timing information of the signal measured via data pro-
cessing is presented in real time. We have used the tele-
scope system and the detector to simulate the testing of the
signal charge and time resolution. The testing process is
similar to the efficiency mentioned above. It is also nec-
essary to initialize the program to set up the device object.
The only difference was that the high voltage was fixed in a
certain value. The testing results in streamer mode are
shown in Fig. 7. In this figure, the X-axis stands for the
channel number with 200 fC/channel and 25 ps/channel,
respectively. The signal amplitude can be up to a few
hundred mV when the resistive plate chambers work in the
streamer mode. Because of the noise and the fluctuation of
measured signals, the charge spectrum and the timing
resolution spectrum have a statistical fluctuation. Because
of extremely pure cosmic-ray triggers during the test, the
pedestals are also mostly invisible in the two plots of Fig. 7
and the offset of channel 5752 is from the fixed difference
between the start signal and stop signal. Accordingly, the
average charge is about 62.5 pC and the timing resolution
(RMS) is approximately 9.0 ns. In this paper, we used the
RPC detector to test the function of the test station, so we
did not do the calibration of the ADC counts and the cor-
rection of time the resolution. But if necessary, a known
amplitude signal can be tested to do the calibration.

4 Conclusion

We have successfully designed and developed a ROOT
and VME RPC based test station that can be used on a
Linux platform. The system can meet the automation
measurement requirements of the general detector and will
play an important role in further R&D of the Bakelite
resistive plate chamber. We used the software system to
test the performance of the RPC in different conditions and
got meaningful results. In short, due to its automation
measurement, long testing time, and good continuity, the

@ Springer

test station not only provides great control over statistical
error and experimental error, but also will save a lot of
manpower and experimental time.
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