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• 検出器素材のU/Thなどの汚染分布情報はバック
グラウンドを強く抑制する。

• 表面汚染分布を得るために、極低BGのアルファ
線イメージ分析装置が必要。
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2. アルファ線イメージ分析装置(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
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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
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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

Alpha-ray imaging chamber (AICHAM)
arxiv.1903.01090
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cumulated on the surface was used as an alpha-166
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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

Alpha-ray imaging chamber (AICHAM)

α�Q�»¹

• NEWAGE-0.3a�α=@D
I#
• Low- α  μ-PIC�T��TPC�1T
• 2S

•  C&?F�4� (O&J~6 mm)

• BG38�H5
@D��
• H5
Calibration����

• B:'F~10-3 α/cm2/hr (! 0.1~1 ppm U/Th>G)
@R�26(@D
• RM'F10-4 α/cm2/hr (Ultra-Lo >G)

• Ge@D��"	�7	�����U�ppm���
�@D���.

30cm
30cm

100 μmLow-α μ-PIC @LAB-A in Kamioka

arxiv.1903.01090



2018/08/24 7

is consistent with the background condition outside342

the sample region. The alpha-particle energy spec-343

trum is interpreted as the radon peaks at 5.5 MeV344

(222Rn), 6.0 MeV (218Po), and 7.7 MeV (214Po).345

The downward-oriented (Fdwn > 0.5) α rate out-346

side the sample is (1.58+0.29
−0.26)× 10−2 α/cm2/hr, as347

shown in the black-shaded spectrum of Fig. 11. In348

this work, the background rate was improved by one349

order of magnitude in comparison with that of our350

previous work [14]. The background reduction is at-351

tributed to the track-sense determination to reject352

upward-oriented alpha (for > 3.5 MeV) and the re-353

placement of the low-α µ-PIC (for ≤ 3.5 MeV). In354

the energy region between 2.0 and 4.0 MeV, where355

most radon background is suppressed, the back-356

ground rate is (9.6+7.9
−5.6)×10−4 α/cm2/hr.357
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Fig. 9: Downward-oriented alpha-particle energy spectra in-
side (red) and outside (black shade) the sample region.

3.8.3. α rate of sample358

Figure 10 shows the distribution of the top of the359

tracks for the sample, where the candidates are se-360

lected by the criteria C1 and C2. The regions 1⃝361

and 2⃝ are sample and background regions, respec-362

tively. The sample region is the inside of ±5 cm363

of anode and cathode. The background region is364

the outside of the sample region and the inside of365

±7.5 cm of anode and cathode. Figure 11 shows366

the energy spectra of downward-oriented alpha par-367

ticles in the sample (red) and the background re-368

gion (black shaded). The α rate of the sample369

was calculated to be (3.57+0.35
−0.33)× 10−1 α/cm2/hr370

(> 2.0 MeV) by subtracting the background rate.371

Assuming the alpha spectrum is constituted only372

from 232Th or 238U, the impurity is estimated to373

be 6.0 ± 1.4 or 3.0 ± 0.7 ppm, respectively. The374

impurities of 232Th and 238U are measured to be375

5.84 ± 0.03 and 2.31 ± 0.02 ppm, respectively, by376

using the HPGe detector. Although the error is377

huge because of the continuous energy spectrum, it378

is consistent with the prediction of prior measure-379

ment. In this sample test, it was demonstrated to380

observe the background alphas at the same time.381
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Fig. 10: Distribution of the top of downward-oriented alpha-
particle track. The regions 1⃝ and 2⃝ are the sample and
background regions, respectively.

4. Discussion382

We begin by discussing the sensitivity for the en-383

ergy between 2 and 9 MeV based on long-term mea-384

surements. In this energy range, the background is385

dominated by the radon-αs with ∼ (1.58+0.29
−0.26) ×386

10−2 α/cm2/hr. The statistical error (σ) is ex-387

pected to scale with the inverse of the square root388

of the measurement time (t) given as σ ∝ 1/
√
t. In389

this work, the live time was only three days, and the390

statistical error was σ ∼ 3× 10−3. With a measure-391

ment time of one month, the error of radon-αs was392

estimated to be σ ∼ 1× 10−3 α/cm2/hr. When the393

α rate as the same of the radon-αs was observed, the394

sum of squares of these σs for the sample and radon-395

αs would be expected to be a few 10−3 α/cm2/hr396

as the measurement limit by subtraction with these397

α rates.398

The edges region (anode ∼ ±15 cm or cathode399

∼ ±15 cm) has a high rate of background, as shown400
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Fig. 11: Downward-oriented alpha-particle energy spectra in
sample region (red) and background region (black shade).

in Fig. 10. These events have an energy and path-401

length dependence similar to that of the alpha par-402

ticles. The alpha particles were mainly oriented403

upward and were emitted from outside the detec-404

tion area. As an impurity candidate, a piece of405

the printed circuit board (PCB) was inspected and406

the α rate was (1.16± 0.06)× 10−1 α/cm2/hr. Al-407

though the alpha-particle events could be rejected408

by the fiducial region cut, these impurities could409

be the radon sources (see Fig. 12). Therefore, as410

a next improvement, a material with less radiative411

impurities should be used for the PCB.412

µ-PIC

E
"#

Printed Circuit Board

Sample	α
Radon	α

PCB	α

222Rn/220Rn

Fig. 12: Schematic cross section of background alpha parti-
cles in detector setup.

The goal for detector sensitivity is less than413

10−4 α/cm2/hr, which corresponds to measuring414

radioactive impurities at the ppb level. We can415

potentially improve the background rate by using416

the cooled charcoal and using a material with less417

impurities. A recent study reported that a cooled418

charcoal could suppress the radon by 99% in the419

argon gas [18]. A recent NEWAGE detector sup-420

presses the radon to 1/50 by using cooled charcoal421

[5]. With these improvements, the detector would422

achieved to the goal of performance.423

5. Conclusion424

We developed a new alpha-particle imaging de-425

tector based on the gaseous micro-TPC. The mea-426

sured energy resolution is 6.7% (σ) for 5.3 MeV al-427

pha particles. The measured position resolution428

is 0.68± 0.14 cm. Based on a waveform analysis,429

the downward-oriented events’ selection efficiency is430

0.964± 0.004 and the cut efficiency of the upward-431

oriented events is 0.85± 0.04 at > 3.5 MeV. Also,432

a piece of the standard µ-PIC was measured as a433

sample, and the result is consistent with the one by434

another measurement. A measurement of the alpha435

particles from a sample and background was also436

established at the same time. A background rate437

near the radon-α ((1.58+0.51
−0.42)× 10−2 α/cm2/hr)438

was achieved.439
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Live time 75.85 hr
Δα rate = 3.57().**+).*, ×10(- α/cm./hr

Estimate from α rate
U …3.2 ± 0.3 ppm
Th…6.7 ± 0.7 ppm

A
lp

ha
/h

r/
M

eV

Energy (MeV)

HPGe measurement
U:   2.31�0.02 ppm
Th: 5.84�0.03 ppm

Data net α
MC midU-α

MC Th-α

3. 最近のサンプル測定の実例

mesh-α
Standard μ-PIC
���U/Th	���
���

This work HPGe detector

Sample volume (cm) (5× 5)× 0.098 (5× 5)× 2.47
Sample weight (g) 6.8 169.5
Measureing time (hr) 75.85 308
Net α rate (α/cm2/hr)) (3.57+0.35

−0.33)× 10−1 —
232Th impurities (ppm) 6.0± 1.4 5.84± 0.03
238U impurities (ppm) 3.0± 0.7 2.31± 0.02

Table 1: Comparison of Screening result with this work and HPGe detector.
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material with less impurities such as polytetraflu-459

oroethylene, polyimide, and polyetheretherketone460

without glass fibers. A recent study reported that461

a cooled charcoal could suppress the radon by 99%462

in the argon gas [20]. A recent NEWAGE detector463

suppresses the radon to 1/50 by using cooled char-464

coal [5]. With these improvements, the detector465

would achieve to the goal of performance.466

5. Conclusion467

We developed a new alpha-particle imaging de-468

tector based on the gaseous micro-TPC. The mea-469

sured energy resolution is 6.7% (σ) for 5.3 MeV al-470

pha particles. The measured position resolution471

is 0.68± 0.14 cm. Based on a waveform analysis,472

the downward-oriented events’ selection efficiency is473

0.964± 0.004 and the cut efficiency of the upward-474

oriented events is 0.85± 0.04 at > 3.5 MeV. Also,475

a piece of the standard µ-PIC was measured as a476

µ-PIC

E
"#

Printed Circuit Board

Sample	α
Radon	α

PCB	α

222Rn/220Rn

Fig. 13: Schematic cross section of background alpha parti-
cles in detector setup.

sample, and the result is consistent with the one477

obtained by a measurement done with a HPGe de-478

tector. A measurement of the alpha particles from a479

sample and background was also established at the480

same time. A background rate near the radon-α481

((1.58+0.51
−0.42)× 10−2 α/cm2/hr) was achieved.482
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This work HPGe detector

Sample volume (cm) (5× 5)× 0.098 (5× 5)× 2.47
Sample weight (g) 6.8 169.5
Measureing time (hr) 75.85 308
Net α rate (α/cm2/hr)) (3.57+0.35

−0.33)× 10−1 —
232Th impurities (ppm) 6.0± 1.4 5.84± 0.03
238U impurities (ppm) 3.0± 0.7 2.31± 0.02

Table 1: Comparison of Screening result with this work and HPGe detector.
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without glass fibers. A recent study reported that461

a cooled charcoal could suppress the radon by 99%462

in the argon gas [20]. A recent NEWAGE detector463

suppresses the radon to 1/50 by using cooled char-464

coal [5]. With these improvements, the detector465

would achieve to the goal of performance.466

5. Conclusion467

We developed a new alpha-particle imaging de-468

tector based on the gaseous micro-TPC. The mea-469

sured energy resolution is 6.7% (σ) for 5.3 MeV al-470

pha particles. The measured position resolution471

is 0.68± 0.14 cm. Based on a waveform analysis,472

the downward-oriented events’ selection efficiency is473

0.964± 0.004 and the cut efficiency of the upward-474

oriented events is 0.85± 0.04 at > 3.5 MeV. Also,475

a piece of the standard µ-PIC was measured as a476
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sample, and the result is consistent with the one477

obtained by a measurement done with a HPGe de-478

tector. A measurement of the alpha particles from a479

sample and background was also established at the480

same time. A background rate near the radon-α481

((1.58+0.51
−0.42)× 10−2 α/cm2/hr) was achieved.482
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3. 最近のサンプル測定の実例
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Fig. 11: Downward-oriented alpha-particle energy spectra in
sample region (red) and background region (black shade).

in Fig. 10. These events have an energy and path-401

length dependence similar to that of the alpha par-402

ticles. The alpha particles were mainly oriented403

upward and were emitted from outside the detec-404

tion area. As an impurity candidate, a piece of405

the printed circuit board (PCB) was inspected and406

the α rate was (1.16± 0.06)× 10−1 α/cm2/hr. Al-407

though the alpha-particle events could be rejected408

by the fiducial region cut, these impurities could409

be the radon sources (see Fig. 12). Therefore, as410

a next improvement, a material with less radiative411

impurities should be used for the PCB.412

µ-PIC

E
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Fig. 12: Schematic cross section of background alpha parti-
cles in detector setup.

The goal for detector sensitivity is less than413

10−4 α/cm2/hr, which corresponds to measuring414

radioactive impurities at the ppb level. We can415

potentially improve the background rate by using416

the cooled charcoal and using a material with less417

impurities. A recent study reported that a cooled418

charcoal could suppress the radon by 99% in the419

argon gas [18]. A recent NEWAGE detector sup-420

presses the radon to 1/50 by using cooled charcoal421

[5]. With these improvements, the detector would422

achieved to the goal of performance.423

5. Conclusion424

We developed a new alpha-particle imaging de-425

tector based on the gaseous micro-TPC. The mea-426

sured energy resolution is 6.7% (σ) for 5.3 MeV al-427

pha particles. The measured position resolution428

is 0.68± 0.14 cm. Based on a waveform analysis,429

the downward-oriented events’ selection efficiency is430

0.964± 0.004 and the cut efficiency of the upward-431

oriented events is 0.85± 0.04 at > 3.5 MeV. Also,432

a piece of the standard µ-PIC was measured as a433

sample, and the result is consistent with the one by434

another measurement. A measurement of the alpha435

particles from a sample and background was also436

established at the same time. A background rate437

near the radon-α ((1.58+0.51
−0.42)× 10−2 α/cm2/hr)438

was achieved.439
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• NEWAGE-0.3aを改良してアルファ線イメージ分析装置AICHAMを開発してい
る。arxiv.1903.01090

• いくつかサンプルを測定してきた。
• 連続エネルギースペクトラムなのでRI同定はこんなんだが、Ge測定の
結果と矛盾しない。

• 3種類のサンプルを同時に測定できた。
• 端からのα線がプリント基板由来であることも発見し、次検出器開発へ
フィードバックした。

• 新素材候補のスクリーニングも始めている。
• 新µ-PIC	+	PCBの実装、冷却活性炭の実装、飛跡再構成アルゴリズムの改良に
より目標感度10-4 alpha/cm2/hr��������


