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(NEw generation WIMP search with an Advanced Gaseous tracker Experiment )
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α線

Low-alpha μ-PIC
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• 2015年の結果から、主なBGはμ-PICに含まれるU/Th系列からのアルファ線

μ-PIC
GEM

238U[ppm] 232Th[ppm]
PI (+glass cloth) 0.39±0.01 1.81±0.04

PI+epoxy < 2.98×10-3 < 6.77×10-3

• μ-PIC上層の部分をU/Th含有量の少ない素材(PI+epoxy)に変更した、Low-alpha 
μ-PICを開発

• 30cm2のものを2017年末に神岡地下実験施設にインストール

epoxy
polyimide

75μm

5μm

マイクロTPC

変更

μ-PIC素材のU/Thの含有量



飛跡の形状によるER除去
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• 各ストリップのTOTの情報を用いて電子反跳イベントを除去できる

channels and any one of their hits is used as the trigger. In this trigger mode, the absolute
z position is not measured, but only the relative position is measured. The self-trigger
mode is used otherwise mentioned in this thesis. The other is “external-trigger mode”,
for a measurement using a 252Cf source. The signal of a prompt gamma ray or a neutron
from 252Cf detected by a plastic scintillator set nearby the source is used as a trigger. In
this mode, the absolute z position of the tracks are measured. The drift velocity and the
angular resolutions are measured with the external-trigger mode. Two types of DAQ-
mode for “track” data with a different measured parameters as listed in Table 4.2 were
used for this work. DAQ-mode5 records the addresses and time-over-threshold (TOT)
of all strips with a hit in each event. The TOT is the time between rising and falling
edges crossing the threshold, which roughly corresponds to the deposited energy on the
individual strips. as shown in Figure 4.7.

Table 4.2: The list of the DAQ mode.

DAQ-mode mode1 mode5

x-y online-coincidence required not required
strip address to record at each clock Xmin, Xmax, Ymin, Ymax all

time over threshold (TOT) not take take

clock

vo
lta

ge

threshold

Time-Over-Threshold
(TOT)

rising edge falling edge

Figure 4.7: The schematic image of time-over-threshold (TOT). Blue line shows the waveform
of a strip.

DAQ-mode5 with self-trigger mode is used for the dark matter measurements and
calibrations unless otherwise mentioned. DAQ-mode1 records the data reduced in size
by taking x-y coincidence and limiting the number of output addressed for the “track”
information. The dead time of DAQ-mode1 was thus shorter than that of DAQ-mode5
and DAQ-mode1 is used for the external-trigger mode. For “charge” information, analog
signal of 768 cathodes are amplified and grouped down to 8 channels, then these wave-
forms are recorded by a 100 MHz FADC. Half of the channels (4 channels) is used for low
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方向検出効率
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Detector	coordinate

• XY,XZ,YZ平面上の効率は低い
• 飛跡のミスリコンストラクションでZ軸上の検出効率が高くなっている
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一日の方向検出感度
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2018/06/12/08:57:47 +8時間

+16時間 1⽇平均

Galactic	coordinate

Z軸(ドリフト⽅向)



暗黒物質探索
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• 2018年からlow-α μ-PICを使った暗黒物質探索を開始
• 2018/06 47days
• 2018/09 +61days
• 合計 107days (1.1kg・days)

• イベントセレクションした後、16イベント残った(50-400keV)



暗黒物質探索: 結果
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Preliminary

• SD散乱断⾯積の制限曲線

• μ-PICバックグラウンドの低減を確認
• SDの制限を1桁更新

• スペクトル



Low-α μ-PIC表面のバックグラウンド
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Low alpha uPIC

run# 307 (707cm2 active region)

purge 90min

duration 6.87days (Aug. 28th, 2017 - Sep. 05th, 2017)

sample Low alpha uPIC
(Low alpha uPIC polate (30cmx30cmx1.1mm).  
Surface is made by 49% copper and 51% Polyimid. 
No electric potential (<10V) both before/after 
wiping using ethnol. Requested by 
Miuchi/Hashimoto (Kobe).). First 1 day data cut.

emissivity (5.52±0.74)x10-4α/cm2/hr
(9.38±2.97)x10-5α/cm2/hr (2.5<E<4.8MeV)
(2.35±0.48)x10-4α/cm2/hr (4.8<E<5.8MeV)

Low alpha uPIC

run# 307 (707cm2 active region)

purge 90min

duration 6.87days (Aug. 28th, 2017 - Sep. 05th, 2017)

sample Low alpha uPIC
(Low alpha uPIC polate (30cmx30cmx1.1mm).  
Surface is made by 49% copper and 51% Polyimid. 
No electric potential (<10V) both before/after 
wiping using ethnol. Requested by 
Miuchi/Hashimoto (Kobe).). First 1 day data cut.

emissivity (5.52±0.74)x10-4α/cm2/hr
(9.38±2.97)x10-5α/cm2/hr (2.5<E<4.8MeV)
(2.35±0.48)x10-4α/cm2/hr (4.8<E<5.8MeV)

• U下流の210Po由来と思われるピークが観測された: 2.35 ± 0.48×10+,α/cm2/hr



低エネルギーBG
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• Geant4でμ-PIC表面のBGをシミュレート
• α線のレート(2.35±0.48)×10-4 α/cm2/hr

• 残存する50-100keVのBGはμ-PICの表面BGで説明可能
• BG源は現在調査中



次期計画
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(a) E = 172 V/cm

6000 6500 7000 7500 8000

0

200

400

600

800

1000

Time (us)

I(
t)

 (
a

rb
. 

u
n

it
s
)

 

 

(b) E = 343 V/cm
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(c) E = 515 V/cm
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(d) E = 686 V/cm
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(e) E = 858 V/cm
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(f) E = 1029 V/cm

Figure 2: 20 Torr SF
6

of the broad structure also increases. However, this behavior is not only
dependent on the field strength but also on the pressure as well, and is not
a simple reduced field (E/p or E/N) e↵ect. The pulse shapes from the 30,
40, 60, and 100 Torr SF

6

data acquired with E = 1029 V/cm are shown
in Figure 4. Besides the positive valued features, in each of Figures 2b -
2f, a small amplitude dip arriving after the primary peak is observed. This
feature has to do with the way the THGEM is connected. The surface of the
THGEM facing the cathode and opposite the readout surface is grounded
to the anode lid. Positive ions produced from the avalanche will drift away
from the positive voltage readout surface and towards the grounded THGEM
surface as well as the anode ground. The ions induce a small positive signal as
they move away from the readout surface but then a small negative signal is
induced as the ions approach the grounded anode end plate. This is because
one of the THGEM surfaces is connected to the anode but is capacitively
coupled to the readout surface.
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Fluorine recoil energy (keVr) NIPs

10 140
20 332
50 1055
100 2528
150 4165
200 5852

Table 1: NIPs yield as a function of energy for fluorine recoils, from Ref. [34].

forthcoming paper. However, the results of Refs. [31, 32, 33] suggest that the
addition of 1 Torr O2 will change the W-value by ⇠ 1%, which is a factor of
two smaller than the uncertainty of the W-value used here [30]. Fluctuations in
the 55Fe energy measurement were observed at the ⇠ 4% level over the course
of the full 46.3 live-day dataset. Table 1 shows how the NIPs yield varies with
energy of the fluorine recoil. It is based on calculations in Ref. [34], as validated
experimentally in [27].

The use of z-fiducialisation has increased the signal acceptance relative to
Ref. [27] by replacing a set of low-e�ciency cuts that had been necessary to
remove background events originating from the electrodes, with a reduced set
of straightforward, high-e�ciency cuts described below. The ratio between the
ionisation measured in the minority peaks to that measured in the I peak on the
channel with the highest maximum voltage in the ROI (see Figure 1) was found
to be a powerful parameter for discriminating between nuclear recoils caused
by calibration neutrons and background events such as sparks [26]. Events for
which this ratio was < 0.4 were cut. One further high-e�ciency (⇠ 97%) cut was
added to ensure that the ionisation detected on the grid was in agreement with
that detected on the anode, which removed a residual population of oscillatory
background events described in Ref. [35].

An event passing the preceding set of cuts had its maximum amplitude chan-
nel’s waveform passed to a peak-fitting algorithm, which used a three-Gaussian
fit to find the arrival times of the I, S and P peaks at the anode. The D peak was
not used, since its amplitude was often within the noise. The time di↵erence
between any two peaks can be used to calculate the event’s z position using:

z = (ta � tb)
vavb

(vb � va)
. (1)

Here, a and b represent two di↵erent carrier peaks (I, S or P), and t and v are
the arrival time relative to trigger, and drift velocity, respectively. In practise,
the I and P peaks were used, since the S peak is suppressed for events with
high z [26]. Events for which the algorithm failed to calculate a z position were
cut, which removed all events from the WIMP-search run other than the well-
understood radon progeny recoils (RPRs) and low-energy alphas (LEAs) [22],
whilst preserving ⇠ 70% of recoil-like events from the neutron-calibration runs.
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Ø 2種類の陰イオンの検出時間を用いることで、絶対位置Zを測定できる

絶対位置 Z

2018/3/23 �73TJPS 32018/5/31 TPC>94@;TQ6 6

ü これらのイベントは陰イオンガスを使ったZの絶対位置決定で除去可能

ü 感度を制限していると思われるuPIC表面α線、RnBGは全てZの
小さい、または大きいところに集中している



まとめ
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• NEWAGE実験では低BGな⾶跡検出器Low-α	μ-PICを⽤いて暗⿊物質探

索実験を⾏なっている

• 2018年に取得された108⽇分の暗⿊物質探索データからμ-PICのバッ

クグラウンドが減少していること確認した

• また、これによって感度を1桁更新した

• 50-80keVビンの主なBGはuPIC表⾯のアルファ線BGと予想される

• 今後BG源を調査する



原⼦核イベントの検出効率
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⾼エネルギーBG
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ü Main background is alpha particles of Rn220 and Rn222.
ü Fitting spectrum around 6MeV, We estimated Rn220 and 

Rn222 rate as 4.5 mBq/m3 and 1.0 mBq/m3 respectively. 
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50-400keV

50-60keV


