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Abstract: In order to study the long-term stability of plastic scintillator (PS) for the LHAASO-KM2A, an experiment 
has been done to simulate the Yangbajing environment, where the temperature around the tested scintillator is in large 
dynamic variation. The attenuation length of light and the light output are measured to monitor the quality variation 
of scintillator. In addition, accelerated thermal aging tests of scintillator are also made. Here the PS operational time 
can be estimated and its lifetime is determined from an Arhenius plot. 
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1 Introduction 
 
 The Large High Altitude Air Shower Observatory 
(LHAASO) project [1] is proposed to study gamma ray 
astronomy from sub-TeV to 1PeV and cosmic ray phys-
ics from 5TeV to 1EeV by using a compound detector 
array distributed in one kilometer square. The proposed 
detector consists of KM2A [2], 4 WCDAs, SCDA, 
WFCA and 2 LIACTs. KM2A is the primary array in 
LHAASO project, which consists of 5137 Electromag-
netic particle Detectors (EDs) [3] and 1209 Muon Detec-
tors (MDs) [4]. EDs (1m×1m×1.5cm each) are used to 
detect the densities and arrival times of secondary charge 
particles (>5MeV), which need more than 80,000 plastic 
scintillator tiles in all project. The operational time of 
array is more than 10 years. Consequently, it is important 
to study properties of plastic scintillator, especially long-
term stability. 
In this work, the properties of tile parameters are exper-
imentally studied for the EDs of KM2A. In order to 
study the long-term stability of plastic scintillator (PS), 
an experiment has been done to simulate the Yangbajing 
environment, where the temperature around the tested 
scintillator is in large dynamic variation (-30 ~40 ). 
The light output is measured to monitor the quality varia-
tion of scintillator. In addition, accelerated thermal aging 
tests of scintillator at temperature of 60◦C, 70◦Cand 85◦C 
are conducted. The light output is measured every 50 h. 

To predict the PS operational time, the well-known prin-
ciple of temperature—time superposition is used [5]. 
This principle establishes the equivalency of temperature 
influence and its duration. By using it, accelerated aging 
is conducted in isothermal conditions under different 
temperatures that are usually higher than the operational 
temperatures. 

2 Aging mechanisms 
 
Environmental aging is a basic parameter characterizing 
long time stability even without the effect of radiation. 
Such aging may be seen as yellowing or clouding or 
crazing of the surface or cracking in depth. In all cases 
the light output decreases. It is known that tile surface 
can craze develop microcracks which rapidly de-
stroys the capability of plastic scintillator to transmit 
light by total internal reflection. It is important to devel-
op a prognostic method for sample stability. In develop-
ing an accelerated aging test it is important to achieve the 
maximum likeness to the natural degradation processes. 
We assume that polystyrene aging is due to the following 
mechanisms: 
1. Thermooxidative processes resulting in the creation of 
peroxides which absorb in the region of the scintillating 
radiation. 
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2. Mechanical degradation due to chemical stress crazing 
which causes surface cracks that disrupt light transmis-
sion. 
3. Diffusion of low molecular components of the formu-
lation which can cause both surface and internal defects. 
In this case yellowing, clouding of the interior or the 
surface, and cracking can arise. 
The above mechanisms lead to changes in the scintilla-
tion efficiency which in any realistic case is due to one or 
at most a few parameters. These parameters determine 
the practical usefulness of any scintillator composition. 
We have investigated the effect of the following two 
parameters on the efficiency of polystyrene scintillator: 
1. The influence of temperature for long times on the 
light output. 
2. The effect of temperature shock, simulate the Yang-
bajing temperature variation (-30 ~40 ), stimulate 
cracking.  
Two experimental methods are given below. 

3 Test system 
 
3.1 Experimental setup 
 
In this paper, we use a 250mm-square and 15mm-thick 
plastic scintillator and a 600 mm-long WLS fiber 
(BCF92, SAINT-GOBAIN) with a diameter of 1.5 mm. 
We measure the amplitude distribution and time resolu-
tion, when a cosmic-ray muon penetrates through the 
scintillator.  
We test a plastic scintillator tile with WLS fibers [6]. We 
hole the scintillator tile to embed WLS fibers. The wave-
length of scintillation light produced in the scintillator 
tile is converted to a longer wavelength by the WLS fiber 
embedded in the tile. Converted light is transmitted to a 
photomultiplier tube (PMT) by the WLS fiber [7]. The 
WLS fiber is coupled to the PMT with air (Figure. 1).  
A signal from the PMT connected to the WLS fiber is 
digitized using a VME charge ADC module and a TDC 
module, and readout with a PC. 
 

 
 
Figure1. Experimental setup: Scintillation tile and the 
WLS fiber system with PMT 
 

The target scintillator sandwiched with the WLS fiber is 
placed between two trigger scintillation counters, each of 
which is 100 mm square and 50 mm thick in size as 
shown in Figure1. The spacing of two trigger counters is 
100 mm. 
A trigger signal is generated when both of the two trigger 
counters are hit. The TDC is started by the signal of the 
upper trigger counter, and stopped by the signal from the 
PMT of the target scintillator tile.  
 

3.2 Electronics readout system 
 
The electronics readout system is based on single VME 
crate, with a FEE module (16 channels) put in one VME 
crate. In each channel, the PMT signal is sent to a high 
speed amplifier and then fed to the two branches, i.e., the 
two range CR-(RC)4 shaping circuits, which integrate 
the total charge of the PMT signal in parallel. The gains 
for these two shaping circuits are different. The high gain 
is about 20 times larger than the low gain. The outputs of 
the two shapers are continuously sampled at a speed of 
40MHz by two FADCs. The sampling data are sent di-
rectly to FPGA for further processing such as range se-
lection, data pipelining, peak finding, and data buffering, 
etc. The signal for time measurement is first sent to a fast 
discriminator at a given programmable threshold to gen-
erate a timing pulse, whose leading edge defines the 
arrival time of the signal. The over-threshold timing 
pulse is sent to TDC as the start signal. The trigger signal 
deriving from trigger system is used as the stop signal. 
The time difference between the start signal and stop 
signal are save in TDC. The TDC is built by using inter-
nal resources of a high-performance FPGA chip. The 
major components of the TDC are two ultra high speed 
gray-code counters. The first counter changes at the 
rising edge of the 320MHz clock, while the other chang-
es at the falling edge. The time difference between the 
start signal and stop signal are measured via these two 
counters with time resolution (RMS) less than 0.5ns. 
 

3.3  Stability of system 
 
In order to ensure accuracy of experimental measurement, 
repeated measurements were conducted. The measure-
ment error of mean value is 1.76%, and MPV value is 
1.16%, as it is shown in Figure2. 
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Figure2. Monitoring system by repeated measurements, 
the measurement error of mean value is 1.76%, and MPV 
value is 1.16% 

We do the calibration error of electronics readout system 
(VME charge ADC module) using Standard pulse signal 
produced by signal generator. The systemic error is 1.0%. 
It is show that the test system is stable. 

4 Experiments results 
 

4.1 High and low temperature aging test 
 
High and low temperature aging tests of materials— 
plastic scintillator A(25cm 25cm 2cm), B(25cm
25cm 1cm) and WLS fiber (BCF92, SAINT-
GOBAIN)—were made. 
In this work, thermostat box was used; the temperature 
around the tested scintillator is in large dynamic variation, 
varying -30  to 40 . The samples were tested every 90 
times. We assume that it is equivalent to 2 days after 
varying one time. Figure3 shows a typical amplitude 
distribution. We fit the amplitude distribution with a 
Landau distribution and take the MPV value, and then 
translate into number of photoelectrons. The test result is 
given as Figure4.  
We define the critical time to be the time when the light 
output has decreased by 20%, it can be seen that the 
operational time scintillator A is 8.7yr, B is 15.3yr; and 
WLS with B tile is 12.2yr. 
 

 
 
Figure3. Typical Amplitude distribution of one PS tile in 
case of single Muon, fit the distribution with a Landau 
distribution and take the MPV value. 

 

Figure4. The variation curve of Npe (number of photoe-
lectron) after varying 480 times (about 960 days). 
 

4.2 Accelerated thermal aging test 
 
The tiles (scintillator A) are cut from PS obtained by 
bulk polymerization and finished by polished surface 
treatment. Tile Unit size is 25cm 25cm 1.5cm, cov-
ered with white diffuse Tyvek sheet, and making 8 
holes( 1.5mm,3cm spacing). Thermal aging of the PS 
was conducted in air for 200 h at 60◦C, 70◦C and 85◦C. 
the temperature are below the glass transition tempera-
ture of the samples. The samples were tested after every 
50 h exposure. There two ways of readout, direct readout 
(PMT1, PMT2) and fiber readout (PMT3) as shown in 
Figure1. 
We define the critical time to be the time when the light 
output has decreased by 20% [8]. The lifetime at 20 
degrees centigrade is determined from an Arhenius plot, 
where the logarithm of the critical time is inversely pro-
portional to the temperature.  
The influence of heating at 60◦C, 70◦C and 85◦C for 200 
h manifests itself in a decrease in the light yield. After 
200 h at 85◦C the light yield of WLS fiber readout 
change is 12–18%. And the light yield of direct readout 
change is markedly increased, the light yield change 
is16–25%. The results of measurements of light yield for 
different tiles are presented in Figure5, Figure6 and Fig-
ure7. 
 

 
 
Figure5. Light yield of tiles under accelerated aging 
(250×250×15 mm3, T =85◦C).ch0: WLS fiber readout; 
ch1 and ch2: direct readout. 
 
 

 
 
Figure6. Light yield of tiles under accelerated aging 
(250×250×15 mm3, T =70◦C).ch0: WLS fiber readout; 
ch1and ch2: direct readout. 
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Figure7. Light yield of tiles under accelerated aging 
(250×250×15 mm3, T =60◦C).ch0: WLS fiber readout; 
ch1and ch2: direct readout. 
 
According to the result of accelerated aging at 60◦C, 
70◦C and 85◦C, the operation time predictions for a 20% 
change of light yield can be calculated by using Arhenius 
plot (Figure8). It can be seen that the operational time 
scintillator B is 8.9yr, and scintillator B with WLS fiber 
is 7.8yr. 
 

 
 
Figure8. Arhenius plot, ch0: WLS fiber readout; ch1and 
ch2: direct readout. 
 

5 Conclusion 
 
It is important to study long-term stability of plastic 
scintillator (PS) for the LHAASO-KM2A. According to 
high and low temperature aging tests simulating the 
Yangbajing environment, it can be seen that the opera-
tional time scintillator A and B PS tiles are 8.7 yr; WLS 
with B tile is 12.2 yr when the light output has decreased 
by 20%. According to the result of accelerated thermal 
aging test, the lifetime scintillator B is 8.9yr, and scintil-
lator B with WLS fiber is 7.8yr.  
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