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• 神⼾戸⼤大学主導の⽅方向に感度度を持つ暗⿊黒物質直接探索索実験
• 到来⽅方向異異⽅方性の観測を⽬目指す
• ガス検出器「マイクロTPC」を⽤用いる

(NEw generation WIMP search with an Advanced Gaseous tracker Experiment )
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NEWAGE検出器『NEWAGE-‐‑‒0.3bʼ’』@神岡地下
実験施設
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ガス検出器『マイクロTPC』
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⼤大型GEM
31x31 cm2

Drift Cage
41 cm
PEEK

μ-PIC
30x30 cm2

μ-PIC：アノードピクセルの
間隔400μm (ガス利利得 ~103 )

GEM：中間増幅器
(ガス利利得 ~10)

検出原理理、検出器

• 検出領領域
30×30×41 cm3

• ガス
CF4(0.1気圧) 3
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最新結果
RUN14-‐‑‒18の条件
• period：2013/7/20~∼8/11,  10/19~∼11/12
• live  time  ：434.85  days
• fiducial volume：28×24×41  cm3

• mass：10.36  g
• exposure：4.51  kg・days

4⽮矢ケ部遼太博⼠士論論⽂文2018年年神⼾戸⼤大

• ⽅方向感度度では世界最良良
• 3D-‐‑‒axial(前後判定なし)では世界最良良

• Eth  =  50keV
• 3D-‐‑‒vector(前後判定あり)では世界初

• Eth  =  100  keV⾒見見
• 従来型の暗⿊黒物質直接探索索実験の感度度に
は届いていない

• 現在の感度度を制限しているのは暗⿊黒物質
以外のイベント(バックグラウンド:以下
BG)

• さらに良良い制限を更更新するにはBGの理理
解・低減が重要

地下実験① 結果

3D-axialでの制限更新
3D-vectorによる初の制限
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課題：50～100keVでの3D vector解析

エネルギー [keV]



• BGはμ-‐‑‒PIC補強材のガラス繊維に含まれるU/Th系列列由来のα線
• 電極側の側の図中A部分がBG源
• α線は解析的に除去しづらい、BG源を根本的に取り除く必要あり

• A部分を新材料料にした『Low  α  μ-‐‑‒PIC』の開発
• ⼯工作上の問題はなし

これまで : BGの理理解と低減

100μm
800μm
100μm

μ-‐‑‒PICの断⾯面図

α α α 測定試料 238U[ppm] 232Th[ppm] 備考

PI100μm 0.39±0.01 1.81±0.04 現⾏行行μ-‐‑‒PIC材料料

PI+エポキシ < 2.98×10-3 < 6.77×10-3 新材料料

30cm
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2014年秋季大会 橋本発表

2015年年次大会 橋本発表
2015年秋季大会 橋本発表

2016年年次大会 橋本発表

2017年年次大会 橋本発表



• Ar:C2H6をガスフローで試験
• PHADCで波⾼高値を記録しゲインを測定
• ゲインの位置依存を確認し従来型と⽐比較
• Low  α  μ-‐‑‒PICで従来型と同等以上の性能を確認

• ゲイン差はアノード電極の⾼高さの違いで理理解可能

Low α μ-PIC性能評価
Condition
• Ar:C2H6 = 9:1,1atm
• Drift V : -500 V
• Source : 55Fe

従来のμ-‐‑‒PIC
Low  α μ-‐‑‒PIC



神岡RUN22-‐‑‒1
• live  time  :  47.17  days

• 2018/6/8~∼2018/8/9
• fiducial volume：28×24×41  cm3

• mass：10.36  g
• exposure：0.4887  kg・days

地下実験 DAQ	
  rate 中性子線源、ガンマ線源を用いた坑内作業

DMrun時~∼1Hz

アウトガスの影響で時間経過とともにガス圧上昇 温度度はガス圧に影響するパラメータ、安定
しておりガス圧に影響を与えていない

ガス圧力 冷却系温度



• 各ストリップ毎に信号がスレッショルドをこえた時間:Time  Over  Threshold(TOT)
を記録
• 1eventでのTOTの和 =  TOTsum

• FADCからμ-‐‑‒PIC平⾯面12.5cm毎にグルーピングして電荷情報を記録

NEWAGE-‐‑‒0.3bʼ’  データ取得システム
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ガンマ線カット
ガンマ線源(137Cs)と中性⼦子線源(252Cf)のデータを⽐比較することでガンマ線
カットパラメータを⾒見見積もる

第1のカット:  length  cut
• 原⼦子核反跳(Cf)  :  短い
• 電⼦子反跳(Cs)  :  ⻑⾧長い

第2のカット:  TOTsum cut
• 原⼦子核反跳(Cf)  :  エネルギー損失が⼤大きい
• 電⼦子反跳(Cs)   :  エネルギー損失が⼩小さい

TO
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um

電子反跳

電子反跳



ガンマ線カット

第3のカット:  roundness  cut
• 原⼦子核反跳(Cf)  :  まるい
• 電⼦子反跳(Cs)  :  まっすぐ

PTEP 2015, 043F01 K. Nakamura et al.

x(cm)
–4 –3 –2 –1 0 1

z(
cm

)

–23

–22

–21

–20

–19

–18
z(

cm
)

–23

–22

–21

–20

–19

–18

strip
300 320 340 360 380 400

cl
oc

k

170

180

190

200

210

y(cm)
–1 0 1 2 3 4

strip
360 380 400 420 440 460 480

cl
oc

k

170

180

190

200

210

Cf RUN252

ene_low = 100.783500 [keV]

length = 0.689406 [cm]

TOT-sum = 250

roundness = 0.055549

Fig. 3. Track sample measured with a 252Cf source. The left and right panels show the z–x and z–y projections,
respectively, of the digitized track. The rise-time points, fall-time points, and the in-between points are indicated
in blue, black, and red, respectively. The illustrated event has survived the length cut, the TOT-sum cut, and the
roundness cut.

30.72 × 30.72 × 41 cm3. This procedure rejected charged particles ejected from the walls and the
10B plate. Fiducial cutting was applied to all measurements except the 10B calibration.

The gamma-ray background and the alpha-ray background are then cut by the following criteria.
Since the energy loss (d E/dx) of an electron is much smaller than that of a nucleus, the track of
electron events should be long (Fig.4) and non-continuous (Fig. 5) compared to the track of nuclear
events (Fig. 3). The differences in track length and energy-loss density between these particle species
were quantified by two parameters: “length” and “TOT-sum.” The parameter “length” is calculated
as follows. In the x–z and y–z planes, rising points are fitted by straight lines. Here, the rising points
have information about the track shape whereas time durations correspond to the energy deposition.
Then, the range of rising points along the fitted line is calculated on each plane. After that, the
“length” in the 3D space is calculated. The other parameter, “TOT-sum,” is the sum of the TOTs of
all strips. The TOT of a given strip is the length between the blue (rise time) and black (fall time)
points along the strip. Thus, the TOT-sum of a single event is the total number of blue, red, and black
points, where the red points lie between the start and end points of the event. Also, since the drift
length of the alpha-ray background from radioactive impurities contaminating the µ-PIC is short,
gas diffusion is small, and the track shape is close to a straight line (Fig. 6). In order to discriminate
this alpha-ray background by using track shape, a “roundness” parameter is defined by Eqn. (1) as
the extent to which the shape of the rise points deviates from a straight line.

roundnessx =
∑Nx(zrisex − axx − bx)

2

Nx
, roundnessy =

∑Ny(zrisey − ayy − by)
2

Ny
,

roundness = min(roundnessx, roundnessy), (1)

where Nx and Ny are the number of hits on the x and y strips, respectively. zrisex and zrisey are the
minimum z values, corresponding to the blue points in Figs. 3–6, and (ax, bx) and (ay, by) are the
best-fit straight lines obtained by fitting (x, zrisex) and (y, zrisey), respectively.

The dependences of the length, TOT-sum, and roundness of nuclear tracks generated by 252Cf and
electron tracks generated by 137Cs are shown in Figs. 7–9. Based on these figures, we determined
three cut parameters for discriminating between nuclear and electron events:

◦ length cut: track length [cm] > 0.6 + 0.004 × E [keV].
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Fig. 4. Track sample from a 137Cs source, cut by the length cut.
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Fig. 5. Track sample from a 137Cs source, cut by the TOT-sum cut.
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Fig. 6. Track sample of α particle background from µ-PIC, contaminating a 137Cs run. This type of event is
cut by the roundness cut.

This cut rejects excessively long track events (see Fig. 4).
◦ TOT-sum cut: TOT-sum < 50.

This cut rejects non-continuous track events (see Fig. 5).
◦ roundness cut: roundness < 0.05.

This cut rejects events remaining in the 137Cs run shown in Fig. 9 (see Fig. 6).
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Fig. 3. Track sample measured with a 252Cf source. The left and right panels show the z–x and z–y projections,
respectively, of the digitized track. The rise-time points, fall-time points, and the in-between points are indicated
in blue, black, and red, respectively. The illustrated event has survived the length cut, the TOT-sum cut, and the
roundness cut.

30.72 × 30.72 × 41 cm3. This procedure rejected charged particles ejected from the walls and the
10B plate. Fiducial cutting was applied to all measurements except the 10B calibration.

The gamma-ray background and the alpha-ray background are then cut by the following criteria.
Since the energy loss (d E/dx) of an electron is much smaller than that of a nucleus, the track of
electron events should be long (Fig.4) and non-continuous (Fig. 5) compared to the track of nuclear
events (Fig. 3). The differences in track length and energy-loss density between these particle species
were quantified by two parameters: “length” and “TOT-sum.” The parameter “length” is calculated
as follows. In the x–z and y–z planes, rising points are fitted by straight lines. Here, the rising points
have information about the track shape whereas time durations correspond to the energy deposition.
Then, the range of rising points along the fitted line is calculated on each plane. After that, the
“length” in the 3D space is calculated. The other parameter, “TOT-sum,” is the sum of the TOTs of
all strips. The TOT of a given strip is the length between the blue (rise time) and black (fall time)
points along the strip. Thus, the TOT-sum of a single event is the total number of blue, red, and black
points, where the red points lie between the start and end points of the event. Also, since the drift
length of the alpha-ray background from radioactive impurities contaminating the µ-PIC is short,
gas diffusion is small, and the track shape is close to a straight line (Fig. 6). In order to discriminate
this alpha-ray background by using track shape, a “roundness” parameter is defined by Eqn. (1) as
the extent to which the shape of the rise points deviates from a straight line.

roundnessx =
∑Nx(zrisex − axx − bx)
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∑Ny(zrisey − ayy − by)
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,

roundness = min(roundnessx, roundnessy), (1)

where Nx and Ny are the number of hits on the x and y strips, respectively. zrisex and zrisey are the
minimum z values, corresponding to the blue points in Figs. 3–6, and (ax, bx) and (ay, by) are the
best-fit straight lines obtained by fitting (x, zrisex) and (y, zrisey), respectively.

The dependences of the length, TOT-sum, and roundness of nuclear tracks generated by 252Cf and
electron tracks generated by 137Cs are shown in Figs. 7–9. Based on these figures, we determined
three cut parameters for discriminating between nuclear and electron events:

◦ length cut: track length [cm] > 0.6 + 0.004 × E [keV].

5/14

前ページのカット後のデータでroundnessを元に考察
roundness:  ⽴立立ち上がり点(左図中⻘青点)でみた⾶飛跡形状の丸さ

まるい

まっすぐ



原⼦子核反跳事象の検出効率率率
カット後のCf runとシミュレーションを⽐比較することで検出効率率率を⾒見見積り
50keVで~∼20%



• @50keVでBGが~∼1/100に低減していることを確認
• 上限値で0.49  count/keV/kg/day  @50keV

• Low  α化した影響でBGが低減したと考えられる

地下実験経過 RUN22-‐‑‒1
• live  time  :  47.17  days
• exposure：0.4887  kg・days
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• 統計量量増⼤大
• ⻑⾧長期ラン
• ⼤大型化

• 低スレッショルド化
• 現⾏行行エネルギースレッショルド以下の領領域で⾓角度度分解能を確認

• ⾓角度度解析 -‐‑‒>  3D-‐‑‒axial/vectorでのリミットへ

• BGスタディ
• 環境ガンマ線、環境中性⼦子線
• ガス中ラドン由来
• μ-‐‑‒PIC由来

今後の課題



• NEWAGEは⽅方向に感度度を持つ暗⿊黒物質直接探索索実験

• NEWAGEにおけるBGの理理解・低減
• 理理解：主なBG源はPI100um部分のガラス繊維と判明
• 低減：PI100um部分を取り替えたLow  α  μ-‐‑‒PICを製作、地下へインストール

• 地下実験経過
• 低BG化を確認
• 現在は統計をためているところ

• 今後
• ⾓角度度分解能検討、低スレッショルド化へ
• ⾓角度度解析を⾏行行い-‐‑‒>  3D-‐‑‒axial/vectorでのリミット算出

• 残存BGの理理解・低減
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