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3

Rnの検出原理(静電捕集法)

https://commons.wikimedia.org/wiki/File:Decay_chain(4n%2B2,_Uranium_series).PNG

222Rn

218Po

214Po+
218Po+

222Rn

約90%が正に帯電

Wellisch, E. M. Philos. Mag. 
1913, 26, 623.

負の高電圧(HV)をかけて 
フォトダイオードに捕集

娘核種からのα線を見る。 
->より捕集されやすい214Poの 
カウント数を数える。

約45 cm

約50 cm
2

研究の背景と目的
最先端のダークマター探索やニュートリノ実験は宇宙線由来の
バックグラウンド(BG)を低減するため、地下で実験を行う

より感度の高いラドン検出器を開発する

検出器や環境(地中)に含まれる放射性物質が最後まで残るBG源
中でもラドンは主要なBG源

ラドン由来のBGを理解するには高感度な測定が必要

Solar NeutrinoDouble Beta DecayDark Matter
1~15 MeV1~4 MeV

214Bi  
βray(Q value:3.27 MeV)

1~50 keV

210Pb 
γray(0.047 MeV)

210Bi  
βray(Q value:1.16  MeV)

4

80 Lラドン検出器
• 100日程度の長期測定をすれば0.1 mBq/m3の精度でラドンの濃度を測定できる。　
Y.Nakano et al,Nuclear Inst. and Methods in  Physics Research, A 867 (2017) 108‒114 

• Rn娘核種の収集効率をさらに向上させるために、既存のものよりも　　　　　　　　
大きなPINフォトダイオードをラドン検出器に導入した。(右下図) 

• 本講演ではその較正実験による性能評価と既存の検出器との比較について報告する。
HAMAMATSU-
S3204-08

HAMAMATSU-
S3584-08

18 mm
30 mm約45cm

約50cm

有限要素法による電場シミュレーションの結果 
HV:2 kVで、50Vかかっている領域まで色がついている

18x18 mm2 30x30 mm2
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(1)較正係数のHV依存性
• HVを0.2 kVずつ変えた。                           
2 kV が回路の限界。　　　
(0.2 kV ~ 2 kV) 

• 絶対湿度一定　　　　　　　　
0.0046 ± 0.0001 g/m3　　　　　　　 

• HVが0.2 kVの時には、　
CFが28%改善した。

28 %の改善

差はない

PIN Photo Diode CF (HV:0.2 kV) CF (HV:1.0 kV) CF (HV:2.0 kV)
30x30 mm2 1.23 ± 0.05 CPD/(mBq/m3) 2.20 ± 0.09 CPD/(mBq/m3)
 2.35 ± 0.09 CPD/(mBq/m3)
18x18 mm2 0.96 ± 0.04 CPD/(mBq/m3) 2.14 ± 0.09 CPD/(mBq/m3)
 2.30 ± 0.09 CPD/(mBq/m3)

૧ 28 ± 7 % 3 ± 6 %
 2 ± 6 %
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(2)較正係数の湿度依存性
• HV一定:2 kV 
• 湿度:6.90 g/m3の点では　                       
CFが18%改善した。 

• 高湿度側では10~20%程
度、CFが大きくなった。

PIN Photo Diode CF (ლଶ: 0.0042 g/m3) CF (ლଶ: 1.78 g/m3) CF (ლଶ: 6.90 g/m3)
30x30 mm2 2.35 ± 0.09 CPD/(mBq/m3) 2.12 ± 0.08 CPD/(mBq/m3)
 1.45 ± 0.06 CPD/(mBq/m3)
18x18 mm2 2.27 ± 0.09 CPD/(mBq/m3) 1.85 ± 0.07 CPD/(mBq/m3)
 1.23 ± 0.05 CPD/(mBq/m3)

૧ 4 ± 6 % 15 ± 7 %
 18 ± 7 %

差はない 10~20%改善

改良したラドン検出器の 
較正実験と性能評価

東京大学　宇宙線研究所 
岡本　幸平、中畑　雅行、関谷　洋之 

中野　佑樹、G.Pronost、田阪　茂樹、池田　一得 
2018年3月22日 日本物理学会@東京理科大学

発表内容 • 研究の背景と目的 
• 80 L Rn検出器について 
• 較正実験とその結果 
• まとめと今後

#'
• 41PINGBEDACJF(30x30 mm2)@/HF
I���;��0
• )��-@%1/��HFI���:<�$�
)@%870

HV���K HV30.2 kV<�;28%��
�����: ��3.1�;=10~20%��

&� "C01+D01

��<&�
• 2 kV��<HV
�94?>2;5/Rn�
�!<�,	�@��@6?0

�*/+(



2018�12�21�;��+&'���%.� 1

*��7@�)! �/,
p ��2J5�
�0� �

232Th

Qα = 6.78MeVQα = 6.28MeV

α 212Pb
α 216Po

T1/2=145msec
220Rn 208Pb

�T1/2=1.4:1010�

238U

Qα = 7.83MeVQβ =3.27MeV

α
U-(�

210Pbβ 214Po
T1/2=164μsec

214Bi 206Pb
T1/2=4.5:109�
Th-(� �

��	"
U-(� J~90%
Th-(� J~85%

 �/,(RCNP)

�9�p A?@ �

���������
���������	���������
H��ACaF2*�DCE=�8
H#�;/,B$<>*�1�=4-�
→�63GIF

��	��

����
A02+D01



82018�12 21�B��602��"/:� 2

@4�5�O?/
pCaF2(pure) 5�O3;>1

CaF2
]UZe

+5CaF2
*8CaF2

CaF25�
��

CaCO3BHFML

1~3G �<

CaF2*8�BCaF25�O
�4,)�T!XY[_K9EC

Ge%
�T.DJ
�4,)�
→)���H�D

*8CaF2O)��
214Po

2.54A0.18mBq/kg 0.528A0.032mBq/kg

214Po
5��O>1K@4��
&7AO�P�(-1/51�
IO�'K@4�CaF2=#

!��)�
d*8�B5�)�NQRCaF2=#
d�BCANDLES	S�F.OCaF25�YV`e\cW~20�

20μBq/kg��($b^a)~2mBq/kg

����
A02+D01

��	��



μ-TPC2�%*� α���
��$��$��

� n &0.α�8�#��7ββ�"-,+�!
NEWAGEn .5346TPC+	�/'��)1
Lown -a μ-PIC2��(��
��	�n : BG=10-4 Alpha/cm2/hr

(
��10-1 Alpha/cm2/hr)

Development of a surface alpha ray detector based
on µ-TPC with low background

H. Ito∗, T. Hashimoto, T. Ikeda, H. Ishiura, K. Miuchi, K. D. Nakamura, Y. Takeuchi, and K. Kobayashi

Abstract—Radioactive impurities in the detector material have
been focused as the serious background in a search for a dark
matter. In order to select a pure material which have a low
radioactive impurity such as nuclear in uranium-chain and
thorium-chain, a precise measurement of radioactivity has been
required. A new alpha-ray detector has been developed based on
a gaseous µ-TPC. A low-α µ-PIC was installed to the detector for
low background measurement. The detector has advantages of a
position sensitivity and a ability to take sample and background
event on a same time. We performed to calibrate the energy, to
evaluate resolution using an alpha-ray source, to inspect a sample
as a part of a conventional µ-PIC as a demonstration.

I. INTRODUCTION

AComponent of about 27% in the universe is dominate
nonbarionic matter, called dark matter. Many experimen-

tal groups have been searching, nevertheless dark matter has
not been discovered directly yet. A dark matter search have
been approached typically using a detector with massive and
low background. DAMA group observed annual modulation in
8.2 σ significant as dark matter contribution [1], however other
groups such as XNON100[2] and LUX[3] have not reproduce
the signal.

On the other hands, a direction-sensitive dark matter search
has been focused because of a prediction that dark matter
comes from a direction of the solar system rotation in the
galaxy [4]. In particular, NEWAGE is a project of direction-
sensitive dark matter search, for a candidate as weakly in-
teracting massive particles (WIMPs), with a gaseous time
projection chamber using micro pixel chamber (µ-PIC) [5]
and aims to clear WIMP profile such as a halo density and a
velocity distribution when it would be detected. The detector
was located at underground laboratory, depth of 2,700 m
equivalent of water, in Kamioka mine, Japan. The detector has
a sensitivity of angular between nuclear recoil direction and
the Cygnus constellation. The current best record for the upper
limit of WIMP-proton cross section was marked to be 557 pb
(90% CL) at a WIMP mass of 150 GeV/c2 in 0.327 kg days
of exposure [6]. Main background was found as alpha rays
from 238U and 232Th in detector material such as µ-PIC.
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Therefore, a low background alpha-ray detector is required
in order to select the material.

II. THE SURFACE ALPHA RAY DETECTOR

A new alpha-ray detector has been developed based on a
gaseous µ-TPC upgraded from the NEWAGE detector which
was used to search for dark matter during September 11th –
December 4th, 2018 and consists of µ-TPC using a low-α µ-
PIC, gas circulation system, electronics, and frontend DAQ as
shown in Fig.1, where the TPC is covered by a stainless vessel
for the gas seal.

Fig. 1. Overview of the detector: the TPC, gas circulation system, electronics,
and frontend DAQ.

A. Setup and configuration
The detector setup with schematic view as shown in Fig.2,

where the gas volume is (35 cm× 35 cm)× 31 cm. It was
built at the Kamioka underground. A drift plate made from a
copper was designed with an hole (95 mm× 95 mm) as an
alpha-particle window and is supplied to a negative 2.5 kV.
A copper mesh puts on the drift plate to support a sample at
the window area. The electrons which ionized by the alpha
ray fall down to µ-PIC by the electric field E. The CF4 gas
was used in the detector to compare with the background for a
recent NEWAGE detector. The pressure is optimized to be 0.2
atmospheric pressure in a dilemma between increase of alpha-
ray track length and decrease of gas gain via sparking in the
µ-PIC anode and cathode. The electric field of the drift volume
E was formed by supplying a negative voltage of 2.5 kV and

setting field shaping patterns every 1 cm [7]. The drift velocity
is 8 cm/µs. The µ-PIC anode is supplied to a positive 550 V.

µ-PIC

Sample	region
(10x10	cm2)

Drift	plate	(Cu)

9 rayE
CF4 gas	
0.2	atm

Cu	mesh

AB

Fig. 2. Schematic cross section view of the detector setup.

B. The low-α µ-PIC
In the background study for direction-sensitive dark matter

search, it was suggested that µ-PIC has radioactive impurities
of 238U and 232Th which emit alpha rays [6]. To survey
with HPGe detector, it was found that the top layer of the µ-
PIC what the main components are polyimide and grass cloth
contains 238U and 232Th of 0.39±0.01 and 1.81±0.04 ppm,
respectively. The glass fiber is a cause of the source, and
the impurities were removed by substituting epoxy fiber. The
existences of impurity in a new material which composed
of polyimide and epoxy are less than detection limit of the
HPGe detector, where 238U and 232Th 90%CL limits are
2.98 × 10−3 and 6.77 × 10−3 ppm, respectively. The µ-PIC
using this material is named to a low-α µ-PIC and the detail
for the material is mentioned by Ref. [8]. The effective area
of 30 cm × 30 cm and the anode pole size is 60 µm in a
diameter and the gap is 400 µm. The gain was observed as
same (∼ 15%) of a conventional µ-PIC in a bench test using
the 55F source in mixture gas of Ar : C2H6 (9:1) with an
atmospheric pressure.

C. The gas circulation system
The gas circulation system is developed to protect the

enter of dust as impurities when a sample exchange and to
extend using the active charcoal for the radon suppression.
The gas quality in the vessel was kept during a few weeks. A
pump (EMP, MX-808ST-S) aims to circulate in the TPC and
a needle-type flow meter (KOFLOC, PK-1250) make adjust
∼ 500 cm3/min of the circulation flow in low pressure. The
gas pressure is being monitored for the stable operation of the
circulation system.

D. The electronics and frontend DAQ
The electronics for µ-PIC readout are composed of

amplifier-shaper-discriminators (ASD) [9] for 768 anode and

768 cathode signals and a position encoding module [10] for
a reconstruct of hit pattern. A data acquisition system (DAQ)
is composed of the memory board for a record of tracks and a
flash ADC for charge calculation as the energy measurement
as a frontend circuit. The flash ADC with 100 MHz sampling
rate records sum signal of cathode strips in full time range
of 12 µs. A trigger for DAQ was adopted a self-trigger mode,
where the data is collected when the anode sum signal exceeds
over the threshold voltage, that is the absolute position along
the drift direction cannot be measured. However, because the
alpha ray is emitted from sample, the drift-along coordinate
of the emit point is found as a same height of drift plate.

III. PERFORMANCE CHECK AND CALIBRATION

A. The alpha source
We performed to calibrate energy and estimate the resolu-

tion using an alpha-ray source whose 210Po is accumulated
on a copper plate surface with a size of 100 mm× 100 mm
[11]. The 210Po emits alpha ray with 5.3 MeV. The
alpha-ray emit rate from the source was calibrated to be
1.49± 0.01 alpha sec−1 for 4.8–5.8 MeV using UltraLo-
1800 alpha counter.

B. Demonstration for alpha-ray observation
The alpha-ray track was reconstructed by fitting, the energy

was determined to integrate the charge of flash ADC wave-
form, and the upward or downward of the alpha ray track
was determined by waveform analysis [12]. Fig. 3 (a) and (b)
show the emit and end point of the alpha ray from the source,
respectively. It was demonstrated that a position sensitivity of
the detector because the emit point distribution looked like a
shape of the source plate and the alpha-ray emit density was
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Low-a μ-TPC1�&+�

setting field shaping patterns every 1 cm [7]. The drift velocity
is 8 cm/µs. The µ-PIC anode is supplied to a positive 550 V.

µ-PIC

Sample	region
(10x10	cm2)

Drift	plate	(Cu)

9 rayE
CF4 gas	
0.2	atm

Cu	mesh

AB

Fig. 2. Schematic cross section view of the detector setup.

B. The low-α µ-PIC
In the background study for direction-sensitive dark matter

search, it was suggested that µ-PIC has radioactive impurities
of 238U and 232Th which emit alpha rays [6]. To survey
with HPGe detector, it was found that the top layer of the µ-
PIC what the main components are polyimide and grass cloth
contains 238U and 232Th of 0.39±0.01 and 1.81±0.04 ppm,
respectively. The glass fiber is a cause of the source, and
the impurities were removed by substituting epoxy fiber. The
existences of impurity in a new material which composed
of polyimide and epoxy are less than detection limit of the
HPGe detector, where 238U and 232Th 90%CL limits are
2.98 × 10−3 and 6.77 × 10−3 ppm, respectively. The µ-PIC
using this material is named to a low-α µ-PIC and the detail
for the material is mentioned by Ref. [8]. The effective area
of 30 cm × 30 cm and the anode pole size is 60 µm in a
diameter and the gap is 400 µm. The gain was observed as
same (∼ 15%) of a conventional µ-PIC in a bench test using
the 55F source in mixture gas of Ar : C2H6 (9:1) with an
atmospheric pressure.

C. The gas circulation system
The gas circulation system is developed to protect the

enter of dust as impurities when a sample exchange and to
extend using the active charcoal for the radon suppression.
The gas quality in the vessel was kept during a few weeks. A
pump (EMP, MX-808ST-S) aims to circulate in the TPC and
a needle-type flow meter (KOFLOC, PK-1250) make adjust
∼ 500 cm3/min of the circulation flow in low pressure. The
gas pressure is being monitored for the stable operation of the
circulation system.

D. The electronics and frontend DAQ
The electronics for µ-PIC readout are composed of

amplifier-shaper-discriminators (ASD) [9] for 768 anode and

768 cathode signals and a position encoding module [10] for
a reconstruct of hit pattern. A data acquisition system (DAQ)
is composed of the memory board for a record of tracks and a
flash ADC for charge calculation as the energy measurement
as a frontend circuit. The flash ADC with 100 MHz sampling
rate records sum signal of cathode strips in full time range
of 12 µs. A trigger for DAQ was adopted a self-trigger mode,
where the data is collected when the anode sum signal exceeds
over the threshold voltage, that is the absolute position along
the drift direction cannot be measured. However, because the
alpha ray is emitted from sample, the drift-along coordinate
of the emit point is found as a same height of drift plate.

III. PERFORMANCE CHECK AND CALIBRATION

A. The alpha source
We performed to calibrate energy and estimate the resolu-

tion using an alpha-ray source whose 210Po is accumulated
on a copper plate surface with a size of 100 mm× 100 mm
[11]. The 210Po emits alpha ray with 5.3 MeV. The
alpha-ray emit rate from the source was calibrated to be
1.49± 0.01 alpha sec−1 for 4.8–5.8 MeV using UltraLo-
1800 alpha counter.

B. Demonstration for alpha-ray observation
The alpha-ray track was reconstructed by fitting, the energy

was determined to integrate the charge of flash ADC wave-
form, and the upward or downward of the alpha ray track
was determined by waveform analysis [12]. Fig. 3 (a) and (b)
show the emit and end point of the alpha ray from the source,
respectively. It was demonstrated that a position sensitivity of
the detector because the emit point distribution looked like a
shape of the source plate and the alpha-ray emit density was
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Fig. 3. The emit and end point distribution of the alpha ray from the source
plate in (a) and (b), respectively. The energy spectrum (c). The relation
between energy and track length with SRIM He simulation (d).
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Development of a surface alpha ray detector based
on µ-TPC with low background

H. Ito∗, T. Hashimoto, T. Ikeda, H. Ishiura, K. Miuchi, K. D. Nakamura, Y. Takeuchi, and K. Kobayashi

Abstract—Radioactive impurities in the detector material have
been focused as the serious background in a search for a dark
matter. In order to select a pure material which have a low
radioactive impurity such as nuclear in uranium-chain and
thorium-chain, a precise measurement of radioactivity has been
required. A new alpha-ray detector has been developed based on
a gaseous µ-TPC. A low-α µ-PIC was installed to the detector for
low background measurement. The detector has advantages of a
position sensitivity and a ability to take sample and background
event on a same time. We performed to calibrate the energy, to
evaluate resolution using an alpha-ray source, to inspect a sample
as a part of a conventional µ-PIC as a demonstration.

I. INTRODUCTION

AComponent of about 27% in the universe is dominate
nonbarionic matter, called dark matter. Many experimen-

tal groups have been searching, nevertheless dark matter has
not been discovered directly yet. A dark matter search have
been approached typically using a detector with massive and
low background. DAMA group observed annual modulation in
8.2 σ significant as dark matter contribution [1], however other
groups such as XNON100[2] and LUX[3] have not reproduce
the signal.

On the other hands, a direction-sensitive dark matter search
has been focused because of a prediction that dark matter
comes from a direction of the solar system rotation in the
galaxy [4]. In particular, NEWAGE is a project of direction-
sensitive dark matter search, for a candidate as weakly in-
teracting massive particles (WIMPs), with a gaseous time
projection chamber using micro pixel chamber (µ-PIC) [5]
and aims to clear WIMP profile such as a halo density and a
velocity distribution when it would be detected. The detector
was located at underground laboratory, depth of 2,700 m
equivalent of water, in Kamioka mine, Japan. The detector has
a sensitivity of angular between nuclear recoil direction and
the Cygnus constellation. The current best record for the upper
limit of WIMP-proton cross section was marked to be 557 pb
(90% CL) at a WIMP mass of 150 GeV/c2 in 0.327 kg days
of exposure [6]. Main background was found as alpha rays
from 238U and 232Th in detector material such as µ-PIC.
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Therefore, a low background alpha-ray detector is required
in order to select the material.

II. THE SURFACE ALPHA RAY DETECTOR

A new alpha-ray detector has been developed based on a
gaseous µ-TPC upgraded from the NEWAGE detector which
was used to search for dark matter during September 11th –
December 4th, 2018 and consists of µ-TPC using a low-α µ-
PIC, gas circulation system, electronics, and frontend DAQ as
shown in Fig.1, where the TPC is covered by a stainless vessel
for the gas seal.

Fig. 1. Overview of the detector: the TPC, gas circulation system, electronics,
and frontend DAQ.

A. Setup and configuration
The detector setup with schematic view as shown in Fig.2,

where the gas volume is (35 cm× 35 cm)× 31 cm. It was
built at the Kamioka underground. A drift plate made from a
copper was designed with an hole (95 mm× 95 mm) as an
alpha-particle window and is supplied to a negative 2.5 kV.
A copper mesh puts on the drift plate to support a sample at
the window area. The electrons which ionized by the alpha
ray fall down to µ-PIC by the electric field E. The CF4 gas
was used in the detector to compare with the background for a
recent NEWAGE detector. The pressure is optimized to be 0.2
atmospheric pressure in a dilemma between increase of alpha-
ray track length and decrease of gas gain via sparking in the
µ-PIC anode and cathode. The electric field of the drift volume
E was formed by supplying a negative voltage of 2.5 kV and

4

80 Lラドン検出器
• 100日程度の長期測定をすれば0.1 mBq/m3の精度でラドンの濃度を測定できる。　
Y.Nakano et al,Nuclear Inst. and Methods in  Physics Research, A 867 (2017) 108‒114 

• Rn娘核種の収集効率をさらに向上させるために、既存のものよりも　　　　　　　　
大きなPINフォトダイオードをラドン検出器に導入した。(右下図) 

• 本講演ではその較正実験による性能評価と既存の検出器との比較について報告する。
HAMAMATSU-
S3204-08

HAMAMATSU-
S3584-08

18 mm
30 mm約45cm

約50cm

有限要素法による電場シミュレーションの結果 
HV:2 kVで、50Vかかっている領域まで色がついている

18x18 mm2 30x30 mm2


