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B10:⾼純度ゲルマニウム検出器
を⽤いた放射線不純物量測定
申請時所属機関： ICRR神岡、岡⼭⼤
メンバー(2名)： 市村晃⼀(代表)、伊藤慎太郎

ICRR共同利⽤研究成果発表会
2019年12⽉14⽇

査定⾦額：10万円
使途：

・ラジウム吸着樹脂関連(硝酸、ボトル等の消耗品)に使⽤予定
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本研究(B10)の⽬的
⾼純度ゲルマニウム検出器を⽤い
て放射性不純物量を測定する。

特にラジウム吸着樹脂を⽤いた濃
縮⼿法により、226ラジウムの⾼
感度測定法を確⽴する

⾼純度ゲルマニウム検出器

ラジウム吸着樹脂
(AnaLig-Ra01)
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S. Ito et al, PTEP Volume 2018, issue 9, 091H01 



本研究(B10)の状況
SK-Gd実験で⽤いられる硫酸ガ
ドリニウムをラジウム吸着樹脂
を⽤いた測定や、直接測定を継

続して⾏っている

硫酸ガドリニウム

ラジウム吸着樹脂
と測定結果
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B15: 地下実験のための
放射能分析装置の開発

申請時所属機関： 神⼾⼤、徳島⼤、⼤阪⼤、福井⼤、 ICRR神岡
メンバー(19名)： ⽵内 康雄（代表）、伏⾒ 賢⼀、関⾕ 洋之、岸本 康宏、
⾝内 賢太朗、梅原 さおり、吉⽥ ⻫、⼩川 泉、⽵⽥ 敦、⼩林 兼好、中野
佑樹、伊藤 博⼠、中村 輝⽯、池⽥智法、⽯浦宏尚、中村拓⾺、塩沢 知晃、
⼭本 祥太郎、林 ⻑宏

ICRR共同利⽤研究成果発表会
2019年12⽉14⽇

査定⾦額：21万円
使途：

・ノイズカットトランス（9万円）
・表⾯α装置⽤、電解研磨済み銅メッシュ(5万円)
・旅費(神⼾〜神岡等、7万円使⽤⾒込み)
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本研究(B15)の概要
• 新学術「地下素核」 (H26-H30年度)での、技術的連携を

実現する取り組みとしてH27年度より開始。
• 神岡地下の坑内実験室A (LAB-A)で、最先端の放射能分析装

置を、各計画研究グループの枠を超えて連携して、研究・開
発・構築を進める。

• 新学術「地下宇宙」(2019年度〜)でも、引き続き技術的
連携を推進する。
• 開発した装置による分析作業、新たな技術開発、他。

• 今年度の主な活動：
• 結晶内部の不純物測定装置： CaF2結晶スクリーニング
• 表⾯α線分析装置： 各種サンプル分析
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結晶内部の不純物測定装置
• 測定対象：遅延同時計数測定

232Th

Qα = 6.78MeVQα = 6.28MeV

α 212Pb
α 216Po

T1/2=145msec
220Rn 208Pb

安定T1/2=1.4×1010年

238U

Qα = 7.83MeVQβ =3.27MeV

α
U-系列

210Pbβ 214Po
T1/2=164μsec

214Bi 206Pb
T1/2=4.5×109年
Th-系列 安定

検出効率
U-系列 ：~90%
Th-系列 ：~85%

測定装置(RCNP)

p実験室Aでの測定

測定感度：～5μBq/kg(pptレベル)（測定時間10日）
・感度はCaF2結晶サイズが制限
・現在、装置を用いた結晶評価が進行中
→安定運転モード

梅原、吉田、小川
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⾼感度化：CaF2結晶の⼊れ替え
• 業者A：CaF2インゴットの調査

• 不純物測定：⾼純度インゴットの選定例

CaF2インゴット
~20cm

40cm~

結晶のウラン量
結晶のトリウム量

本年度測定
・CANDLES入れ替え用のCaF2結晶スクリーニング
20μBq/kg以下(合格レベル)~2mBq/kg

梅原、他、
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μ-TPCを⽤いた表⾯α分析測定
伊藤、石浦、身内

n表面からのα線：暗黒物質・ββ実験などで問題
nNEWAGEのマイクロTPCで感度よく測定する
nLow-a μ-PICを実装し感度２桁改善
n位置解像度 (𝛔〜𝟔𝐦𝐦)
n達成感度: ~10 - 3 Alpha/cm2/hr @ 2 週間
n極低放射能BGで汚染イメージが取得できるユ
ニークな放射線分析装置

NIMA in press.        arxiv.1903.01090
doi: 10.1016/j.nima.2019.163050

pressures were low, while the discharge rate of the112

µ-PIC increased. The range of 5 MeV alpha parti-113

cle is ∼8 cm in 0.2 bar CF4 gas, which would pro-114

vide a reasonable detection efficiency considering115

the detector size. The electric field in the drift vol-116

ume, E = 0.4 kV/cm/bar, was formed by supply-117

ing a negative voltage of 2.5 kV and placing field-118

shaping patterns with chain resistors every centime-119

ter [15]. The drift velocity was 7.4± 0.1 cm/µs.120

The µ-PIC anode was connected to +550 V. The121

typical gas gain of µ-PIC was 103 at ∼ 500 V.122

µ-PIC (30cm×30cm)

Sample	window
(9.5	cm	×9.5	cm)

Drift	plate	(Cu)

< rayE
CF4 gas	0.2	bar
Volume:	
(35cm×35cm)×31cm

Cu	mesh

!!

31cm

Drift axis

……

Field	cage	
Cu	wire
Chain	resistor

… …… …

……

1cm

GND

Teflon wall

Fig. 2: Schematic cross section of detector setup. Sample
window size is 9.5 cm× 9.5 cm. Electric field is formed by
a drift plate biased at -2.5 kV and copper wires with 1 cm
pitch connecting with chain registers.
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Fig. 3: Drift plate with a sample window (hole size is
9.5 cm× 9.5 cm) and copper support mesh.

2.2. Low-α µ-PIC123

The background study for the direction-sensitive124

dark matter search suggests that µ-PIC has ra-125

dioactive impurities of 238U and 232Th which emit126

alpha particles [5]. A survey with a HPGe detec-127

tor revealed that µ-PIC’s glass cloth was the main128

background source, and so the impurities were re-129

moved [16]. Details of the device with the new ma-130

terial, a low-α µ-PIC, will be described in Ref [17].131

2.3. Gas circulation system132

A gas circulation system that uses activated char-133

coal pellets (Molsievon, X2M4/6M811) was de-134

veloped for the suppression of radon background135

and a prevention of gain deterioration due to the136

outgassing. A pump (EMP, MX-808ST-S) and a137

needle-type flow-meter (KOFLOC, PK-1250) were138

used to flow the gas at a rate of ∼ 500 cm3/min.139

The gas pressure was monitored to ensure the sta-140

ble operation of the circulation system, operating141

within ±2% for several weeks.142

2.4. Electronics and trigger and data acquisition143

system144

The electronics for the µ-PIC readout consisted145

of amplifier-shaper discriminators [18] for 768 anode146

and 768 cathode signals and a position-encoding147

module [19] to reconstruct the hit pattern. A data148

acquisition system consisted of a memory board149

to record tracks and a flash analog-to-digital con-150

verter (ADC) for the energy measurement. The151

flash ADC with 100 MHz sampling recorded the152

sum signal of the cathode strips with a full time153

range of 12 µs. The anode sum signal issued the154

trigger. The trigger occurred when the electrons155

closest to the detection plane (indicated with the156

largest circle (e−) in Fig. 2) reach the µ-PIC. Since157

the main purpose of the detector is the alpha parti-158

cle detection from the sample, the emission position159

of the alpha particle in the anode-cathode plane was160

determined at the position most distant from the µ-161

PIC in the track (the smallest circle in Fig. 2).162

3. Performance check163

3.1. Alpha-particle source164

A 10 cm× 10 cm copper plate with 210Pb ac-165

cumulated on the surface was used as an alpha-166

particle source for the energy calibration and167

energy-resolution measurement [13]. The source168

emits alpha particles with an energy of 5.3 MeV as169

a decay of 210Po. The alpha-particle emission rate170

(hereinafter called the α rate) of the entire source171

plate was calibrated to be 1.49± 0.01 α s−1 for 4.8–172

5.8 MeV by using the Ultra-Lo 1800 [13].173

3

(90%CL) for 214Bi [10]. Therefore, the background40

of 0νββ decay is not only a contamination by the41

end point of continuous energy in an ordinary 2νββ42

decay process, but also the radiative impurities such43

as 238U and 232Th in the detector.44

To estimate the radioactive impurities in the de-45

tector material, the XMASS group measured 210Pb46

and 210Po in the bulk of copper by using a commer-47

cial alpha-particle detector (Ultra-Lo 1800, XIA)48

[11]. The alpha detector has a good energy resolu-49

tion (as explained in Sec. 3.2) and a mechanism to50

reduce the background by waveform analysis, and51

thus a sensitivity is ∼ 10−4 α/cm2/hr. However,52

it has no position sensitivity. A sample such as a53

micro pattern gas detector board has not an uni-54

form radioactive contamination. For example, the55

impurities might be contaminated to the electrodes56

in a pattern making process. Therefore, a position-57

sensitive alpha detector is required to select mate-58

rials for the rare-event-search experiments.59

This paper is organized as follows. The details60

of the alpha-particle detector, setup, low-α micro61

pixel chamber (µ-PIC), gas circulation system, elec-62

tronics, and trigger data acquisition system are de-63

scribed in Sec. 2. The performance check that uses64

the alpha-particle source, a sample test, and back-65

ground estimation are described in Sec. 3. The66

remaining background of the detector and future67

prospects are discussed in Sec. 4. Finally, the study68

is concluded in Sec. 5.69

2. Alpha-particle imaging detector based on70

gaseous micro-TPC71

A new alpha-particle detector was developed72

based on a gaseous micro-TPC upgraded from the73

NEWAGE-0.3a detector [12] which was used to74

search for dark matter from September, 2008 to75

January, 2013. The detector consisted of the micro-76

TPC using a low-α µ-PIC, a gas circulation system,77

and electronics, as shown in Fig.1. The TPC was78

enclosed in a stainless-vessel for the gas seal during79

the measurement.80

2.1. Setup and configuration81

Figure 2 shows a schematic view of the detector,82

where the gas volume is (35× 35)×31 cm3. The de-83

tector was placed underground at the Kamioka fa-84

cility in Institute for Cosmic Ray Research, Japan.85

An oxygen-free copper plate with a surface pol-86

ished to a roughness of 0.4 µm was used as the87

Gas Circulation system

Electronics

micro-TPC 

Fig. 1: Photographic of detector.

drift plate. The drift plate had an opening with88

a size of (9.5× 9.5 cm2) as a sample window. A89

copper mesh was set on the drift plate to hold the90

sample at the window area, as shown in Fig. 3.91

The electrons ionized by the alpha particles drift92

toward the µ-PIC with a vertical upward-pointing93

electric field E. CF4 gas, which was also used in94

the NEWAGE-0.3a, was used as the chamber gas95

because of the low diffusion properties. The pres-96

sure was set at 0.2 bar as a result of the optimiza-97

tion between the expected track length and the98

detector stability. The track length was expected99

to be longer, which improved the tracking perfor-100

mance when the gas pressures was low, while the101

discharge rate of the µ-PIC increased. The electric102

field in the drift volume, E = 0.4 kV/cm/bar, was103

formed by supplying a negative voltage of 2.5 kV104

and placing field-shaping patterns with chain resis-105

tors every centimeter [13]. The drift velocity was106

7.4± 0.1 cm/µs. The µ-PIC anode was connected107

to +550 V. The typical gas gain of µ-PIC was 103108

at ∼ 500 V.109

2.2. Low-α µ-PIC110

The background study for the direction-sensitive111

dark matter search suggests that µ-PIC has radia-112

tivoactive impurities of 238U and 232Th which emit113

alpha particles [5]. A survey with a HPGe detec-114

tor revealed that µ-PIC’s glass cloth was the main115

2

Alpha-ray Imaging Chamber (AICHAM)

9



サンプルの表⾯α分析状況

Sample 1

Sample 2

Sample 3

Hyper-KにおけるPMTガラス
サンプル３種類同時測定

中性子コンソーシアムにおける
フランジ窓ガラス測定

綺麗
な銅板

(2.5x5cm2)

綺麗な銅板
(2.5x5cm2)

アルファ線

ソース

(13x13 cm2)

PICOLON実験における
テフロンシート

n アルファ線イメージ分析は、安定的に運用されている。
複数サンプルの表面α線の同時分析にも成功した。
少量のサンプル測定に関して効率がよい。

n Hyper-K, PICOLON, 中性子コンソーシアムなど、グ
ループの枠を超えて表面α分析を実施している(共同
利用を通じて分野へ貢献されている)

n 性能改善として、

n 冷却活性炭を追加してラドンBGを抑制する。

n 本装置のμ-PICや部材をより不純物の少ない材
料に取り替えることで感度改善を目指す。

伊藤、石浦、身内

ガラスベースの従来のプリント基板

Δα = (2.61)*.++,*.+-)×10)+ a/hr/cm2 10



B16: 神岡地下観測所における
中性⼦フラックスの測定

（中性⼦測定コンソーシアム）
申請時所属機関： 横国⼤、早稲⽥⼤、神⼾⼤、阪⼤、 東北⼤、京⼤、ICRR神岡
メンバー(20名)： 南野彰宏（代表）、佐々⽊遼太、⽵⽥敦、市村晃⼀、⼩林兼好、
細川佳志、和⽥佳樹、⾝内健太郎、池⽥智法、⽯村宏尚、中村拓⾺、上野⿓⼀、寄
⽥浩平、⽥中雅⼠、⽊村眞⼈、⻘⼭⼀天、⼩津⿓吉、吉⽥⻫、⼭本康平、⼩原脩平

ICRR共同利⽤研究成果発表会
2019年12⽉14⽇

査定⾦額：20万円
使途：

・旅費(横浜、早稲⽥、神⼾〜神岡)
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本研究(B16)の概要
• 新学術「地下素核」 (H26-H30年度)で、中性⼦測定コンソーシアム

として若⼿を中⼼に活動開始。
• 地下極低バックグラウンド実験で主要なバックグラウンドのひとつである環

境中性⼦を、各計画研究グループの枠を超えて連携し、測定する。
• ICRR共同利⽤ではB11（代表: ⾝内⽒）でH28年度より活動開始。

• 新学術「地下宇宙」(2019年度〜)では、中性⼦測定コンソーシアム
の活動を継続・発展させる。
• 地下実験室における多地点・⻑期測定、検出器の低BG化、他。

• 今年度の主な活動：
• 3He⽐例計数管： 神岡地下実験室（Lab-C）における⻑期測定

多地点測定にむけて検出器を追加（1台→3台）
• 液体シンチレーター検出器： 低BG化(⽬標: a線BGを1/10以下)

12



• 神岡地下(Lab-B)での環境中性⼦測定 (2018年度以前の成果@B11)
• PTEPに掲載: https://doi.org/10.1093/ptep/pty133

13

グランサッソと神岡は同程度（岩盤中のU/Thの (a,n)+⾃発核分裂が主なソース）

3He⽐例計数管

• 3He⽐例計数管を3台に増やし、多地点・⻑期観測に向けた準備中

3
He + n !3

H+ p + 0.76 MeV
<latexit sha1_base64="vUc7O1lKY4IPim/7yHc8qkXMxG4="></latexit><latexit sha1_base64="vUc7O1lKY4IPim/7yHc8qkXMxG4="></latexit><latexit sha1_base64="vUc7O1lKY4IPim/7yHc8qkXMxG4="></latexit><latexit sha1_base64="vUc7O1lKY4IPim/7yHc8qkXMxG4="></latexit>

水越、吉田、身内、竹田 + (2019年度) 南野、佐々木、小林

https://doi.org/10.1093/ptep/pty133


Total

Slow• 液シン検出器による神岡地下の環境中性⼦測定
• 神岡地下は地上の約1/1000
• α線BGのため10MeV以下での測定が困難。
• ⽬標: α線BGを1/10以下に低減し、閾値1 MeVで測定。

14

鈴⽊さん修論(早稲⽥、2016年度)

液シン(BC501A, 4.37kg)
PMT(浜ホト H6527)

地上の約1/1000

Slow/Totalの3成分フィット

γ線

α線

中性⼦

液体シンチレーター検出器
田中、水越、吉田、細川、竹田



液体シンチレーター検出器の低BG化
• 低BG化: ステンレス容器（反射材なし）+ 液シンの純化
• Bi-Poのrateは 222Rnの半減期で減少後、4mBqで下げ⽌まり。

• 低BG化前とオーダーで同じ。更なる低BG化が必要。
• 液シン⾃体はICP-MS測定（環境科学技術研究所）からU, Thに関して⾮常にきれい。
• 表⾯α分析測定(AICHAM)からフランジ窓ガラスが汚い。 → ⽯英窓へ交換。

Bi-Po delayed coincidenceの頻度

day

4mBqで下げ⽌まり
(226Raより上流起源)

15

田中、水越、吉田、細川、竹田 + (2019年度) 小津、南野、伊藤、身内

フランジ窓ガラスの表⾯α分析測定(AICHAM)



Backup
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LAB-A: 装置の配置図
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2. アルファ線イメージ分析装置

XIA

pressures were low, while the discharge rate of the112

µ-PIC increased. The range of 5 MeV alpha parti-113

cle is ∼8 cm in 0.2 bar CF4 gas, which would pro-114

vide a reasonable detection efficiency considering115

the detector size. The electric field in the drift vol-116

ume, E = 0.4 kV/cm/bar, was formed by supply-117

ing a negative voltage of 2.5 kV and placing field-118

shaping patterns with chain resistors every centime-119

ter [15]. The drift velocity was 7.4± 0.1 cm/µs.120

The µ-PIC anode was connected to +550 V. The121

typical gas gain of µ-PIC was 103 at ∼ 500 V.122

µ-PIC (30cm×30cm)

Sample	window
(9.5	cm	×9.5	cm)

Drift	plate	(Cu)

< rayE
CF4 gas	0.2	bar
Volume:	
(35cm×35cm)×31cm

Cu	mesh

!!

31cm

Drift axis

……

Field	cage	
Cu	wire
Chain	resistor

… …… …

……

1cm

GND

Teflon wall

Fig. 2: Schematic cross section of detector setup. Sample
window size is 9.5 cm× 9.5 cm. Electric field is formed by
a drift plate biased at -2.5 kV and copper wires with 1 cm
pitch connecting with chain registers.
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Fig. 3: Drift plate with a sample window (hole size is
9.5 cm× 9.5 cm) and copper support mesh.

2.2. Low-α µ-PIC123

The background study for the direction-sensitive124

dark matter search suggests that µ-PIC has ra-125

dioactive impurities of 238U and 232Th which emit126

alpha particles [5]. A survey with a HPGe detec-127

tor revealed that µ-PIC’s glass cloth was the main128

background source, and so the impurities were re-129

moved [16]. Details of the device with the new ma-130

terial, a low-α µ-PIC, will be described in Ref [17].131

2.3. Gas circulation system132

A gas circulation system that uses activated char-133

coal pellets (Molsievon, X2M4/6M811) was de-134

veloped for the suppression of radon background135

and a prevention of gain deterioration due to the136

outgassing. A pump (EMP, MX-808ST-S) and a137

needle-type flow-meter (KOFLOC, PK-1250) were138

used to flow the gas at a rate of ∼ 500 cm3/min.139

The gas pressure was monitored to ensure the sta-140

ble operation of the circulation system, operating141

within ±2% for several weeks.142

2.4. Electronics and trigger and data acquisition143

system144

The electronics for the µ-PIC readout consisted145

of amplifier-shaper discriminators [18] for 768 anode146

and 768 cathode signals and a position-encoding147

module [19] to reconstruct the hit pattern. A data148

acquisition system consisted of a memory board149

to record tracks and a flash analog-to-digital con-150

verter (ADC) for the energy measurement. The151

flash ADC with 100 MHz sampling recorded the152

sum signal of the cathode strips with a full time153

range of 12 µs. The anode sum signal issued the154

trigger. The trigger occurred when the electrons155

closest to the detection plane (indicated with the156

largest circle (e−) in Fig. 2) reach the µ-PIC. Since157

the main purpose of the detector is the alpha parti-158

cle detection from the sample, the emission position159

of the alpha particle in the anode-cathode plane was160

determined at the position most distant from the µ-161

PIC in the track (the smallest circle in Fig. 2).162

3. Performance check163

3.1. Alpha-particle source164

A 10 cm× 10 cm copper plate with 210Pb ac-165

cumulated on the surface was used as an alpha-166

particle source for the energy calibration and167

energy-resolution measurement [13]. The source168

emits alpha particles with an energy of 5.3 MeV as169

a decay of 210Po. The alpha-particle emission rate170

(hereinafter called the α rate) of the entire source171

plate was calibrated to be 1.49± 0.01 α s−1 for 4.8–172

5.8 MeV by using the Ultra-Lo 1800 [13].173

3

AICHAM 
(arxiv.1903.01090)

Ultra-Lo 1800
NIM A 750 96, NIM A 884
157.

ZnS(Ag)+SiPM
NIM A 894 (2018) 33.

Method μ-TPC Ion-chamber Scintillation photon
Effective Area 10 cm x 10 cm 707 cm2 , 1800 cm2 8 mm x 8 mm
Position resolution 7 mm (σ) − 0.2 mm (FWHM)
Energy resolution 7% (σ)@ 5.3 MeV 4.7% (σ) @5.3 MeV 74% (FWHM) @5 MeV
Detection efficiency 21% >90% 0.3%
Limited Sensitivity 10-3 a/cm2/hr 10-4 a/cm2/hr 0.06 cpm (~103𝑎/cm2/hr)

~2weeks measurement specification

S. Yamamoto, W. Kawaguchi Nuclear Inst. and Methods in Physics Research, A 894 (2018) 33–38

Fig. 1. Schematic drawing of alpha particle imaging detectors with 3 mm channel size Si-PM array (A) and 1 mm channel size Si-PM array (B) combined with thin
scintillators.

channel size Si-PM arrays in Fig. 1(A) and (B), respectively. In both
imaging detectors, thin scintillator sheets such as ZnS(Ag) are used to
penetrate the environmental gamma photons and beta particles while
absorb alpha particles with the energy of Ì6 MeV frommost of the alpha
emitter such as Pu. Light guides are used between scintillators and Si-PM
arrays to distribute the scintillation light among several channels of the
Si-PM arrays to calculate the position by Anger principle.

When the channel size of the Si-PM is 1 mm, the position can be
calculated with smaller area (Ì1/3 for one dimensional and Ì1/9 for
two dimensional of the 3 mm channel size Si-PM), thus the statistical
uncertainty of the calculated position by the Anger principle becomes
smaller. The spatial resolution of the radiation imaging detector is
expected to improve with 1 mm Si-PM array compared to using 3 mm
channel size Si-PM array.

2.2. Developed radiation imaging detectors

We show a photo of the 1 mm channel size Si-PM array arranged in
8 ù 8 (S13615-1025N-08, Hamamatsu Photonics, Japan) used for the
developed alpha particle imaging detector in Fig. 2(A). The Si-PM array
was connected to a circuit board by surface bonding. The developed
alpha particle imaging detector is shown in Fig. 2(B). It was made of
a ZnS(Ag) sheet, a light guide and the 1 mm channel size Si-PM array.
They are optically coupled to each other with a silicone rubber (Sin-etsu
Silicone, KE-420, Japan).

The thickness of the ZnS(Ag) sheet was 10 mg/cm2 (OKEN, Japan)
and the size was same as the size of the Si-PM array (9 mm ù 9 mm).
The light guide was made by 1 mm thick acrylic plate and the size was
the same as the Si-PM array (9 mm ù 9 mm).

The 64 (8 ù 8) analog signals from the Si-PM array were fed to weight
summing boards with 1-m long, small diameter coaxial cables. The
analog signals were individually amplified and were weight summed
by amplifiers. The weight summed signals were fed to 100-MHz analog
to digital (A–D) converters of data acquisition system and integrated
for 320 ns. The positions were calculated using the Anger principle by
FPGA. The calculated results were stored to a personal computer in list
mode [5–11]. The list mode data was sorted to form a 512 ù 512 image
with 128 channel energy information for each pixel.

2.3. Performance evaluation

For the performance evaluation of the developed imaging detector,
we measured spatial resolution, energy resolution, uniformity, back-
ground count rate and various phantom images. In all the imaging
experiments, Am-241 alpha sources (5.5 MeV) were used except for
the background counts measurements. For the measurements of spatial
resolution, energy resolution and uniformity, Am-241 source of rela-
tively low activity (2 kBq) was used because the source was deposit
on the surface thus the attenuation of the alpha particle in the source
was small. For the imaging of the various phantoms, we used Am-241
of relatively higher activity (2 MBq) to reduce the acquisition time. The
alpha particles from the source were irradiated to the developed imaging
detector from Ì2 mm above the detector surface. For spatial resolution

Fig. 2. Photo of 1 mm channel size Si-PM array arranged in 8 ù 8 (A) and
developed alpha particle imaging detector (B).

measurement and phantom imaging, tungsten slit mask or one of the
phantoms was set on the developed imaging detector and the alpha
particles were irradiated from Ì2 mm above the mask or the phantom
surface.

2.3.1. Spatial resolution
Spatial resolution was evaluated using a tungsten slit mask (Fig. 3).

After the mask was set on the developed imaging detector, alpha
particles were irradiated from the upper side of the mask. The slits of
the size of 3.2/line pair (lp) to 5/lp were imaged. The widths of the slit
for 3.2/lp and 5/lp were 0.16 mm and 0.1 mm, respectively. The spatial
resolution of the detector was evaluated by the inverse of the line pair
of the resolved smallest slit [10], so if the 5 lp/mm slit is resolved, the
spatial resolution is less than 0.2 mm FWHM.

2.3.2. Energy resolution
Energy resolution was evaluated by setting a region of interest (ROI)

on the uniform image measured for Am-241 source (5.5 MeV) and the
energy distribution for the ROI was derived. From the derived energy
distribution, energy resolution was estimated.

2.3.3. Uniformity
Uniformity was measured without any phantoms on the imaging

detector surface and the alpha particles from Am-241 were uniformly
irradiated. Total of 11 million counts were accumulated and evaluated
the uniformity by setting a profile along the horizontal direction. For the
central 80% area of the image, the deviations from the average counts
were evaluated to calculate the uniformity.

2.3.4. Background count rate
Background count rate was measured without alpha source and

measured the image for 1.5 h. Then the count rate was derived for all
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3He⽐例計数管
• 検出原理

• 熱中性⼦(~0.025eV): ⾼い感度
• ⾼速中性⼦: 減速材（ポリエチ）で熱化し検出

• スペクトルを仮定し、Geant 4で検出効率の⾒積り（不定性⼤）
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熱中性⼦測定 ⾼速中性⼦測定
中性⼦線源(252Cf)較正データ

0.76 MeV

3
He + n !3

H+ p + 0.76 MeV
<latexit sha1_base64="vUc7O1lKY4IPim/7yHc8qkXMxG4="></latexit><latexit sha1_base64="vUc7O1lKY4IPim/7yHc8qkXMxG4="></latexit><latexit sha1_base64="vUc7O1lKY4IPim/7yHc8qkXMxG4="></latexit><latexit sha1_base64="vUc7O1lKY4IPim/7yHc8qkXMxG4="></latexit>

⽔越⽒のポスター@新学術「地下宇宙」キックオフミーティング 3Heと中性⼦の反応断⾯積



液体シンチレーター検出器
• 検出原理
• 液シンBC-501A: 溶媒（キシレン）+ 発光物質 + 波⻑変換剤
• 中性⼦が陽⼦を反跳したエネルギーをシンチ光で観測。
• 波形弁別でγ線（β線）BGは低減できるが、α線BGはきつい。
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鈴⽊さん修論(早稲⽥、2016年度)

中性⼦線源252Cfの較正データ

中性⼦

γ線

Total

Slow



液シン検出器低BG化の速報
• 低BG化: ステンレス容器（内側反射材なし）+ 液シンの純化
• Bi-Poのrateは 222Rnの半減期で減少後、4mBqで下げ⽌まり。

• 今のところ低BG化前とオーダーで同じ。更なる低BG化が必要。

⼩津さん(早稲⽥) 

Bi-Po delayed coincidenceの頻度

day

4mBqで下げ⽌まり
(226Raより上流起源)
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226Ra
1600年 Slow/Total=0.2±0.1

Dt＜1ms (eff. = 98.5%)

ウラン系列の⼀部
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