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Abstract

We are developing a hard X-ray detector using a combination of plastic scintillator and multiple-pixel
photon counter (MPPC). Usually photomultiplier tubes (PMTs) have been adopted to read scintillators
because of its high gain and large photoelectric surface, and studies of PMT and scintillator systems
are well advanced. However there exist limitations for PMTs, for example they have relatively large size,
require high voltage to operate and can not be used in a strong magnetic field. On the other hand, MPPCs
do not have such limitations but instead have high quantum efficiency and compact size. Therefore we
are developing detectors with a combination of MPPC and plastic scintillator, primarily aiming to be used
for the polarization measurements from high-energy astrophysical objects. We achieved energy threshold
of down to ∼10 keV by operating the detector at low temperature (−10◦C) and reading the signal with
short integration time (50 ns). Here we report test results and future prospects.
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1. Introduction

Polarization measurements in X-ray and γ-ray are ex-
pected to provide crucial information on high-energy as-
trophysical objects, and have been pursued in several
past and future missions. In hard X-rays and γ-rays
(≥ a few tens keV), anisotropy of Compton scattering
is utilized to detect polarization (e.g., PoGOLite mis-
sion: Kamae et al. 2008). Usually plastic scintillators
have been used since they have high probability of Comp-
ton scattering, and photomultiplier tubes (PMTs) have
been adopted to read scintillation lights, since they have
high gain and low noise, and thus can measure X-rays
down to 2-3 keV which is required to detect Compton-
recoil electron for incident photon of ∼30 keV. Using
PMTs introduces constraints on the detector design,
however, since they require high voltage to be operated
and have relatively large size. Newly developed pixe-
lated photon detectors, or multi-pixel photon counters
(hereafter MPPCs), on the other hand, do not suffer
from such limitations but instead have high quantum ef-
ficiency and compact size (e.g.,Hamamatsu Photonics,
“Opto-semiconductor handbook”). We are therefore de-
veloping a MPPC+plastic scintillator system, aiming to
achieve a performance better than or comparable to the
one with PMT, while keeping high flexibility for the de-
tector design. Since MPPCs also have some demerits
such as small sensitive area and large dark current, it

is important to improve matching with the scintillators
and reduce the noise.

2. Test Results

2.1. Experimental Setup

We obtained energy spectra of various radioisotopes to
evaluate a MPPC+plastic scintillator system. We used
a standard change-sensitive preamplifier+shaping ampli-
fier system to read signals from the MPPC. The signals
were digitized by MCA-8000D by Amptek. KEITYLEY
2400 was used to supply vias voltage for MPPCs. As
described below, we evaluated four items: matching be-
tween scintillator and MPPC sizes, pixel size of MPPC,
operational temperature and signal integration time.

2.2. Matching with Scintillators

In order to collect scintillation light efficiently, sensitive
area of the MPPC should be equal or larger than the size
of the scintillator. To evaluate this “matching with the
scintillator” quantitatively, we tested two scintillators of
different dimensions: the smaller one is of 4×4×15 mm
and the larger one is of 5 × 10 × 15 mm. We used a
MPPC of “S10985-50C” made by Hamamatsu Photonics
which has 6 × 6 mm photocathode surface area. A self-
made preamplifier and shaping amplifier (shaping time:
1 µs) was used for this test and a test of §2.3. The
spectra obtained using 241Am 59.5 keV are shown by
Figure 1, where the black and red histograms show the
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Fig. 1. 241Am 59.5 keV spectra obtained with two plastic scintillators
of different size. Red histogram shows the spectrum obtained with
a smaller one. See text for details.

Fig. 2. 109Cd 22 keV spectra obtained with different operational tem-
perature and shaping time. Black, blue and red lines show the
spectra obtained with (20◦C, shaping time: 1 µs), (-10◦C, 1 µs)
and (-10◦C, 50 ns), respectively.

spectra obtained with a larger and smaller scintillators,
respectively. The vias voltage applied was 71.7 V. We
found the light collection efficiency (proportional to the
peak position) was increased by ∼20% and the energy
resolution was improved by ∼10%. Hereafter we will use
the scintillator of small size.

2.3. Pixel Size of MPPC

There are three types of “S10985” series with different
pixel sizes. MPPCs with larger pixel size have smaller
dynamic range but instead have larger filling factor,
hence are expected to show better performance when the
low energy signal is of prime interest. To evaluate the ef-
fect of filling factor quantitatively, we tested two MPPCs,
“S10985-50C” which has 50 µm pixel size and filling fac-
tor of 61.5%, and “S10985-100C” which has 100 µm pixel
size and filling factor of 78.5% (Hamamatsu Photonics,
“Datasheet of S10984/S10985 series”). We obtained en-
ergy spectra using 241Am 59.5 keV and confirmed that
the energy resolution is improved by 8%. Hereafter we
will use “S10985-100C”.

2.4. Operational Temperature and Signal Integration
Time

Although MPPCs have large dark current, it is expected
that we can reduce the noise by lowering the opera-
tional temperature and making the signal integration
time shorter. We therefore compared spectra of 109Cd
obtained at 20◦C and -10◦C. We also used “5028 Fast
Quad Amplifier” (Clear Pulse) which has fast rise time
as a preamplifier and “4077 Fast/Slow Amplifier” (Clear
Pulse) which has 50 ns shaping time. The results are
summarized in Figure 2, in which black line, blue line and
red line show the spectra obtained with (20◦C, shaping
time: 1 µs), (−10◦C, 1 µs) and (-10◦C, 50 ns), respec-
tively. The results show that 22 keV signal can be dis-

tinguished from noise by lowering the operational tem-
perature down to -10◦C, and 22 keV photopeak is clearly
separated from noise by lowering the shaping time down
to 50 ns. We therefore succeeded to read low energy
signal of ∼10 keV.

3. Summary and Future Plan

We succeeded to detect X-rays of energy down to
∼10 keV with a combination of plastic scintillator and
MPPC. Since our goal is to detect X-rays down to a few
keV, we plan to reduce the noise even better by, e.g., us-
ing new MPPCs of low-noise type (e.g.,“S12573” series),
optimize the amplifier gain and operational voltage, and
utilizing coincidence with an absorber.
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