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Abstract: The Plastic Scintillator Detector (PSD) is one of the main sub-detectors in the DArk Matter Particle

Explorer (DAMPE) project. It will be operated over a large temperature range from −10 to 30 ℃, so the temperature

effect of the whole detection system should be studied in detail. The temperature dependence of the PSD system is

mainly contributed by the three parts: the plastic scintillator bar, the photomultiplier tube (PMT), and the Front

End Electronics (FEE). These three parts have been studied in detail and the contribution of each part has been

obtained and discussed. The temperature coefficient of the PMT is −0.320(±0.033)%/℃, and the coefficient of

the plastic scintillator bar is −0.036(±0.038)%/℃. This result means that after subtracting the FEE pedestal, the

variation of the signal amplitude of the PMT-scintillator system due to temperature mainly comes from the PMT,

and the plastic scintillator bar is not sensitive to temperature over the operating range. Since the temperature effect

cannot be ignored, the temperature dependence of the whole PSD has been also studied and a correction has been

made to minimize this effect. The correction result shows that the effect of temperature on the signal amplitude of

the PSD system can be suppressed.
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1 Introduction

With the continuous exploration of the universe, hu-
mans have made much progress in knowing its essence.
So far, we have learned that the universe is mainly con-
stituted by dark matter (about 27%) and dark energy
(about 68%). The rest - stars, free hydrogen and helium,
heavy elements and neutrinos - count for only about 5%
percent of mass of the universe. Though the existence of
dark matter has been accepted, we have limited knowl-
edge of the specific properties that dark matter particles
might have. So exploring for signs of dark matter parti-
cles has become a major topic of scientific research.

Space exploration is one of the main ways to search
for signs of dark matter. Many scientific satellites have
been launched for this goal, such as the Fermi Gamma-
ray Space Telescope [1], PAMELA [2] and AMS-02 [3],
and certain progress has been made in these subjects.

DAMPE (DArk Matter Particle Explore) is a satellite-
borne apparatus to measure electrons and photons with
much higher energy resolution, to identify possible dark
matter signatures, as well to make new discoveries in
high energy gamma astronomy. It has also great poten-
tial to study the origin and acceleration of high energy
cosmic rays, and how they propagate [4].

The Plastic Scintillator Detector (PSD) system, the
top part of DAMPE, is one of the most important sub-
systems to detect incident heavy ions. Its goal is to dis-
tinguish not only protons from electrons, but also dif-
ferent incident heavy ions with charge numbers of less
than 20. Figure 1 shows the Plastic Scintillator Detector
(PSD) system. It consists of 82 plastic scintillator bars,
which are arranged in two layers and cover an overall ac-
tive area of 82 cm × 82 cm. The scintillator bars, with
a dimension of 884 mm × 28 mm × 10 mm, are paral-
lel to each other in the same layer and perpendicular to
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those in the other layer. To avoid the presence of any
ineffective detection area, the bars in the same layer are
staggered by 0.8 cm. Each bar is coupled to a photo-
multiplier (PMT) (Hamamatsu R4443 [5]) at each end
by a silicon rubber. The analog signals from the readout
of the PMTs are first fed to the Front End Electron-
ics (FEE), and then sent to a Data AcQuisition system
(DAQ) for data storage and analysis. Due to the harsh
space environment, a thermal design was specialized for
this sub-detector system. By using an automatic ther-
mal control system, the temperature for the PSD system
can be stabilized in a range between −10 and 30 ℃.

Fig. 1. Plastic scintillator detector (PSD) system

Because the performance of the PSDs may vary as
temperature changes, the temperature dependence has
to be studied in detail before the assembly of the whole
PSD system. This study also give a method to correct
the amplitudes of the output signals at different temper-
atures.

Most satellite-borne detectors have to face the tem-
perature effect on detector performance, and they mainly
focus on studying the temperature dependence of inor-
ganic scintillator combined with the readout PMT [6, 7].
Organic plastic scintillator, also read out with PMT, has
seldom been studied in recent years.

From analysis, the detection system of the PSD can
be divided into three parts: the detection body plastic
scintillator bar, the readout PMTs and the FEE. That
is, all the temperature effect can be determined by these
three elements. Once the assembly of the PSD was fin-
ished, the PMTs and plastic scintillator bars would al-
ways work together, so it is impossible to study their
respective temperature dependence. In this case, an
experiment was designed before the assembly began to
study these three elements’ respective temperature de-
pendence. To figure out each part’s contribution to the
total temperature coefficient, we chose one PMT, plastic
scintillator bar and FEE as the test instrument. In this
paper, Section 2 will mainly describe the setup of this
experiment. The LED is used to calibrate the PMT,
and a β source 207Bi is used to calibrate the plastic scin-

tillator bar. Such methods have been widely used in
studying the temperature dependence of scintillator de-
tectors [6, 8]. The test results will be discussed in Section
3. By this experiment, the temperature coefficient of the
tested PMT, plastic scintillator bar and FEE could be
obtained. According to the results, it is clear that the
temperature effect cannot be ignored in data analysis.
Since the temperature coefficients of individual PMTs
are different from each other, the temperature coefficient
obtained above cannot be used to correct the amplitudes
of the output signals in different PMTs. So another ex-
periment aimed at studying the whole PSD system with
cosmic rays at different temperatures was carried out.
This is also a widely used method to calibrate detec-
tors [7]. A temperature coefficient is obtained in this
way which can be used in making a temperature cor-
rection to minimize the temperature effect, and this will
be discussed in Section 4. The temperature coefficients
and the way to correct the temperature effect provide
the basis for orbit data analysis.

2 Temperature dependence of the LED,

FEE and PMT

2.1 Experimental setup

Figure 2 shows the experimental setup used for study-
ing temperature dependence of the FEE and the PMT
schematically. PMTs and their succesive FEEs were
placed into a thermal chamber (Chamber01) and the out-
puts of the FEEs were sent to a DAQ for data collection.
The PMTs used in the test were the same type and the
same batch as those of the PSD system. To match the
most probable wavelength of maximum response of the
PMTs, a blue LED was used to monitor their gain varia-
tions. Since the light intensity from the blue LED is also
dependent on the temperature, it is necessary to place
it in a room with a constant temperature, thus another
thermal chamber (Chamber02) was used to guarantee
the stability of light intensity. An optical fiber was used
to inject the blue light pulses into the photocathode of
the PMTs. A pulser was used to drive the LED and to
trigger the DAQ. The high voltage (HV) and low volt-
age direct current (DC) power supplies, the pulser as
signal source, the cables, some of the light-guide fiber
and the DAQ were placed outside the thermal chambers
and kept at room temperature since their performances
are not sensitive to temperature.

Both thermal chambers used here were bought from
ETOMA Company (type: WSZ62IIITS). They have
the same dimensions of 1 m×1 m×1 m and can be
operated in a large dynamic temperature range from
−70 ℃ to 150 ℃. The temperature stability is ±0.5
℃, and the temperature changing speed is faster than 5
℃/min. In order to avoid condensation of water vapour
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inside the inner chamber, a significant number of desic-
cants were put into the inner chamber during the mea-
surements. However, the water vapour problem could
not be totally eradicated by using desiccant only. When
the temperature was below 0 ℃, some frost could be
found on the surface of the tested PMTs. Due to this
constraint,the lowest temperature was set at 3 ℃ during
the experiment.

The experiment tested the devices in different tem-
peratures to see the changes of their performance. Ac-
cording to previous tests, it needs about 30 minutes for
the LED, PMT and plastic scintillator bar to reach equi-
librium with the environment temperature. So during
the experiment, after the temperature inside Chamber02
reached the set point, we waited for another 60 minutes
to ensure thorough thermal equilibrium.

Fig. 2. Schematic diagram of the experimental
setup for the temperature dependences of the
PMT and the FEE.

2.2 LED results

Since the light intensity of the LED varies as the
temperature changes, the temperature dependence of the
LED was studied first. The temperature inside Cham-
ber01 in Fig. 2 was kept at 20 ℃, thus the effect from
the FEE and the PMT can be kept the same during
the measurements. The temperature inside Chamber02,
where the LED was mounted, was changed from 5 ℃ to
35 ℃ with a step of 5 ℃.

At a given temperature, the blue LED was turned off
and only the rms noise of the electronics was measured
first, to check the effect from the FEE. The blue LED
was then turned on and the amplitude of the signal was
measured. Figure 3 shows the spectrum recorded at dif-
ferent temperatures of the blue LED after subtracting
the effect from the FEE, and the temperature depen-
dence of the LED. By using Gaussian distributions to fit
the peaks, the most probable values (MPVs) at different
temperatures have been obtained and fitted with a linear
function:

PLED = (8.62±0.23)T +(195.7±5.1), (1)

where PLED is the ADC channels of the MPV of the pulse
signal amplitude for the LED, and T is the temperature
of the LED in ℃.

Fig. 3. (top) The amplitude spectra of the LED at
two different temperatures: 5 ℃ and 35 ℃. (bot-
tom) The temperature dependence of the LED.

2.3 FEE results

To measure the temperature dependence of the FEE,
the temperature inside Chamber01 in Fig. 2 was changed
from 3 ℃ to 42 ℃ with a step of 3 ℃. At every temper-
ature point, the thermal equilibrium inside the chamber
was ensured also. We did not use the output from the
blue LED and the PMT as the input of the FEE, but
instead we used the output of another pulser, the am-
plitude of which was kept at a fixed value during all the
measurements.

The spectra at different temperatures were recorded
and the MPVs were obtained by fitting the spectra with
Gaussian distributions. The temperature dependence of
the FEE shown in Fig. 4 can be also fitted with a linear
function:

PFEE = (−0.385±0.013)T +(422.7±0.3), (2)

where PFEE is the ADC channels of the MPV of the pulse
signal amplitude for the FEE, and T is the temperature
of the FEE in ℃. Although it is very small, it cannot
be ignored when we think about the effect from varying
temperature.
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Fig. 4. The temperature dependence of the FEE.

2.4 PMT results

During this measurement, the temperature inside
Chamber02 in Fig. 2 was set and kept at 20 ℃ to fix
the output of the blue LED, while the temperature in-
side Chamber01 was changed from 3 ℃ to 42 ℃ with
a step of 3 ℃. At every temperature point, the ther-
mal equilibrium inside the chambers was ensured, as
before.

Figure 5 shows the spectrum recorded at different
temperatures of the PMT after subtracting the effect
from the FEE, and the temperature dependence of the
PMT. The MPVs at different temperatures have been
obtained and fitted with a linear function:

PPMT = (−1.246±0.130)T +(414.7±3.7), (3)

where PPMT is the ADC channels of the MPV of the pulse
signal amplitude for the PMT, and T is the temperature
of the PMT in ℃.

Fig. 5. The temperature dependence of the tested PMT.

In Fig. 5, the errors come from statistical errors of
the measured peaks and the temperature instabilities of
±0.5 ℃ inside both thermal chambers where the PMT
and the LED were settled. Among these, the tempera-
ture instability in Chamber02, where the blue LED was
mounted, contributed the most to the errors, as can be
seen by comparing the slopes in Eq. (1)–(3).

3 Temperature dependence of the plas-

tic scintillator bar

The performance of the plastic scintillator bar is
also affected by the variation of the operating temper-
ature [9]. To understand this, a new scheme was set up
and 207Bi was used to replace the blue LED as a source.

3.1 Experimental setup

Figure 6 shows the experimental setup used for study-
ing the temperature dependence of the plastic scintillator
bar schematically. A scintillator bar, with dimensions of
180 mm×28 mm×10 mm, was coupled with a PMT at
each end and settled in a thermal chamber (one of the
chambers mentioned in Section 2.1). This bar is also
from the same batch as those of the PSD system. A β
source, 207Bi, was mounted in the middle of the scin-
tillator bar to monitor the amplitude variation, which
is induced by the change of the scintillation light out-
put and the relative gain of the PMT. The analog sig-
nal from one end of the scintillator bar was fed into a
constant discriminator CF8000 which then triggered the
DAQ. Meanwhile, the analog signal from the other end
of the bar was read out by the same PMT used in the
previous measurement in Fig. 2.

Fig. 6. Schematic diagram of the experimental
setup for the temperature dependence of the plas-
tic scintillator bar.

3.2 Plastic scintillator bar results

The test procedure is very similar to that mentioned
above and was repeated. The temperature inside the
chamber in Fig. 6 was changed from 3 ℃ to 42 ℃ with
a step of 3 ℃.

Figure 7 shows the spectrum recorded at different
temperatures after subtracting the effect from the FEE.
The MPVs (P207Bi) at different temperatures measured
by the 207Bi source can also be fitted with a linear func-
tion:

P207Bi = (−4.728±0.067)T +(1423.2±3.7). (4)

P207Bi here denotes the ADC channels of the MPV of the
207Bi source, and T is the temperature of the PMT and
plastic scintillator bar in ℃.
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Fig. 7. The amplitude spectra of the β source 207Bi
at two different temperatures, 3 ℃ and 42 ℃.

To obtain the temperature dependence of the scintil-
lator bar, the effect from the PMT must be subtracted.
Since the same PMT and the same FEE were used and
their temperature dependence had been studied already,
the temperature dependence of the scintillator bar can
be deduced as follows.

The temperature coefficient [9] can be defined as:

C =
S

P (T = 20 ℃)
, (5)

where S is the slope of the MPV curve, and P (T =
20 ℃) is the ADC channels of the MPV at a temper-
ature of 20 ℃ (room temperature). Thus, those of the
PMT and the combination of the PMT and the scintil-
lator bar are calculated by using Eq. (3) and (4):

CPMT = (−0.320±0.033)%/℃, (6)

Cscintillator+PMT = (−0.356±0.005)%/℃. (7)

Ignoring the tiny interaction between the PMT and the
scintillator bar, the coefficient of the plastic scintillator
bar is obtained:

Cscintillator = Cscintillator+PMT−CPMT

= (−0.036±0.038)%/℃. (8)

The temperature coefficient of the plastic scintillator
bar is much smaller than that of the PMT in the test
temperature range. This indicates that the variation of
signal amplitude mainly comes from the PMT, and the
scintillation light output of the organic plastic scintilla-
tor is not very sensitive in the range of normal operation
temperature.

4 Correction of the PSD system

From the previous measurement and analysis, the
temperature dependence of the plastic scintillator bar

is tiny compared with that of the PMT. Since the scin-
tillator bar used in the previous test is from the same
batch of scintillator bars assembled for the PSD system,
according to Eq. (8) it can be deduced that the tempera-
ture coefficient is around −0.036%/ ℃. The difficulty for
the whole PSD system comes from the readout PMTs:
there are 164 readout PMTs in total, and each of the
PMTs is different. The differences make the tempera-
ture coefficient of the PMT obtained in the previous test
useless. It is essential to gather the information of the
temperature coefficient of each readout channel. Besides,
the experiments described in Sections 2 and 3 only tested
the devices in the temperature range from 3 to 42 ℃. In
order to cover the temperature range from −10 to 30 ℃,
a more advanced thermal chamber was used which could
use nitrogen gas as the inner circulation gas to expel the
water vapour to a great extent. With this chamber, a
similar test to the single plastic scintillator bar but using
cosmic rays was implemented for the whole PSD system
with the temperature ranging from −10 to 30 ℃. All the
values of the temperature coefficients were obtained and
kept in a housekeeping database. These coefficients will
be used in the following correction work.

To grasp the temperature dependence performance
of the whole PSD system before space launch, a contin-
uously changing temperature condition was adopted to
simulate the harsh environment in orbit, and find a way
of correction to minimize this temperature effect. The
whole PSD system was no longer operated at a fixed tem-
perature. It was placed inside a variable thermal-vacuum
machine KM5. The temperature inside the thermal-
vacuum machine varied, but slowly. The temperature
varied from 20 ℃ to about −2 ℃, over about 1500 min-
utes. To monitor the change of the whole detection sys-
tem, several thermistors were embedded into the PSD
during fabrication. The test was also performed with
cosmic rays. The scientific data from cosmic rays were
acquired in event-by-event mode, and a time tag was also
recorded at the same time as a good event happening.
The temperature values from different monitor thermis-
tors were recorded at a rate of 1 count/16 s. It is not
difficult to align these two time tags. The temperature
variation line and the profile graph of the cosmic ray sig-
nal amplitude at the same time is shown in Fig. 8. A
linear function is used to describe the trend in this graph.
According to the slope of the fitting function, the ampli-
tude of the signals increases by about 2.1 ADC channels
per hour, which was caused by the cooling temperature.

In order to minimize the influence of the variable tem-
perature, a correction is performed as follows.

For each incident particle event, the correction func-
tion below is used to correct the data back to the situa-
tion for 20 ℃.

Aafter = Abefore−Co(T −20), (9)

016001-5



Chinese Physics C Vol. 41, No. 1 (2017) 016001

where Abefore is the ADC channels of each event that has
not been corrected yet, and Aafter is that for the cor-
rected event. Co is the collected coefficient data from
the before test with a value of −2.68, and T (℃) is the
temperature of the monitor thermistors related to the
readout channels. The FEE pedestal has already been
subtracted from Abefore. From the previous test, we know
that the pedestal is also temperature dependent, so con-
sidering the pedestal, the temperature correction can be
presented as:

Abefore = Aoriginal−(PedT=20−Pedco(T −20)), (10)

where Aoriginal is the ADC channels of each event from
which the pedestal has not been subtracted, PedT=20 is
the MPV of the pedestal at 20 ℃, and Pedco is the slope
of pedestal signal variation, with a value of −0.75.

After correction, the profile graph of cosmic ray sig-
nal amplitudes is shown in Fig.9. Compared with the
profile graph in Fig. 8, the amplitude of the signal varia-
tion is minimal, and the slope of the fitting function de-
creases from 0.0347(±0.0015) to 0.0001(±0.0015). This
means that the amplitude of the signals will remain sta-
ble after correction, and the temperature coefficient val-
ues obtained from the whole PSD system will be useful
for future correction in the orbit.

Fig. 8. Temperature variation and profile graph of
the cosmic ray signal amplitudes.

Fig. 9. Profile graph of the cosmic ray signal am-
plitudes after correction.

5 Summary

This paper is mainly focused on the temperature
dependence and correction of the PSD system. After
analysis, the plastic scintillator bar, readout PMTs and
FEE are the main elements, and measurements were per-
formed in the range 12 ℃ to 42 ℃ to avoid water vapor
condensation. The temperature dependence of the blue
LED which is used to test the PMT was also studied in an
advanced test. The temperature coefficient of the PMT
from the same batch of the whole PSD system is found to
be −0.320(±0.033)%/℃, while the coefficient of plastic
scintillator bar is only −0.036(±0.038)%/℃. This result
shows that the readout PMT is the most important fac-
tor to contribute to the temperature effect. To grasp the
temperature dependence performance of the detection
system before space launch, all of the temperature coef-
ficient values of the whole PSD have been gathered, and
a continuously changing temperature condition was used
to simulate the harsh environment in orbit. A correction
has been found and used to eliminate this temperature
effect by using the gathered coefficient values. After the
correction, the signal amplitudes remain stable as the
temperature changes. In other words, with this correc-
tion, the effect of temperature on the signal amplitude
of the PSD system can be suppressed.
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