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• In underground experiments, it is required the detector with
“ultra-low radioactive impurities” and “massive target”. Then, a
production of clean materials had been established by many
groups for a long time.

• Low BG ! imaging from the detector surface would be one of
next important keys for rare event searches, such as DM/0νββ.
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1. Introduction
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210Pb: t1/2=22yr

210Po

210Po

210Po

210Po

• We have used ultra-low ! spectrometers (XIA, UltraLo1800). It has a
good sensitivity and good energy resolution for metal sample. Alpha
imaging cannot be obtained.

• Non-metals such as PTFE (used as a detector wall) has a tend to charge
up on the surface. Electric field would be distortion, then gain shift and
efficiency change can be occurred. It has an issue not to measure
correctly for non-metal sample.

• Imaging ! helps to us background study of DM/0νββ searches. It will be
found “uniform” or “cluster distribution” on the surface of detector
configuration.
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4. Upgrade progress

We started to upgrade the detector in 2021. Details of the upgrade are described in Ref.[2].
We report the results of the upgrade in this proceeding. First, a cooled charcoal system was
installed to suppress radon. A suppression of the background by a factor of four was confirmed
by comparing the background rate with refrigerator on/o↵ of the charcoal system. Second,
the printed circuit board (PCB) area near the µ-PIC was masked to shield the ↵ rays from
the PCB. A reduction of the edge events in comparison with measurement before the masking
was observed. We plan to replace the PCB material with a less radioactive one for a further
improvement. Third, a new field cage which has a height (15 cm) half of the previous one was
installed to reduce the radon background while retaining the sample rate. Images describing the
field cage replacement are shown in Fig. 2.

The field cage was replaced to the new one and the background rate is being studied.

Figure 2. Replacement of field cage. Left panel and right-bottom panel show the previous and
new ones, respectively. Right-top panel is a picture during the the new field cage installation.

5. Conclusion

We have been developing ↵-ray imaging detector based on µ-TPC in low radioactivity
background. The detector was upgraded and the performance is being evaluated. In parallel,
the sample measurement have been done, e.g. MPPC and reflector sheet.
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○ Based on a gaseous Time projection Chamber (TPC)
- Conversion from " to # : 3D track of ! can be reconstructed.
- Refurbished from NEWAGE-0.3a detector.

○ Using μ-PIC: maicro-pixel chamber
- Upgraded to low-alpha μ-PIC
- used of low ! material: improved sensitivity to be O(10-3) 
! /cm2/hr, suppressing self radio isotopes.

○ Characterization: imaging alpha emission point
- Enable to discriminate sample region, BG region, and 
source region.
- Net ! rate from the sample can be obtained in a same time 
measuring.

Low-alpha μ-PIC

NIM A 953 (2020) 163050.
J. Phys.: Conf. Ser. 2156 (2021) 012176.

NIMA 977 (2020) 164285.

2. Alpha-particle Imaging Chamber (AICHAM)
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In order to screen sample with ultra-low BG level, it must be
taken into account also systematic uncertainties, but not only
statistical error.

2022/06/15

○ Advantages of Imaging
- Canceled out uncertainty of measuring condition for
sample and BG when net alpha rate calculation, because of
a same data taking.
- Reduced uncertainty of gas gain and efficiency status for
a long measuring time by monitoring with the source set in
the edge region.
- Taken into account acceptance of alpha tracks. Especially,
acceptance is basically small at near the wall. Can be select
fiducial area with good acceptance.

○ Higher freedom of sample measurement
- Enable to measure several samples in a same time.
- Enable sample with charged up on the surface.
- Thick sample is ok.

○ That is “chamber”
- No liquid sample can be measured.

○ 2021-2022 work to upgrade
- Be short drift length (30 cm ⇨ 15 cm)
- Extend effective area (10x10 cm2 ⇨ 15x15 cm2)

4. Upgrade progress

We started to upgrade the detector in 2021. Details of the upgrade are described in Ref.[2].
We report the results of the upgrade in this proceeding. First, a cooled charcoal system was
installed to suppress radon. A suppression of the background by a factor of four was confirmed
by comparing the background rate with refrigerator on/o↵ of the charcoal system. Second,
the printed circuit board (PCB) area near the µ-PIC was masked to shield the ↵ rays from
the PCB. A reduction of the edge events in comparison with measurement before the masking
was observed. We plan to replace the PCB material with a less radioactive one for a further
improvement. Third, a new field cage which has a height (15 cm) half of the previous one was
installed to reduce the radon background while retaining the sample rate. Images describing the
field cage replacement are shown in Fig. 2.

The field cage was replaced to the new one and the background rate is being studied.

Figure 2. Replacement of field cage. Left panel and right-bottom panel show the previous and
new ones, respectively. Right-top panel is a picture during the the new field cage installation.

5. Conclusion

We have been developing ↵-ray imaging detector based on µ-TPC in low radioactivity
background. The detector was upgraded and the performance is being evaluated. In parallel,
the sample measurement have been done, e.g. MPPC and reflector sheet.
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PMT glass sample
for Hyper-K
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3. Screening sample using AICHAM

○ Sample screening have been conducted for several underground
experiment groups. AICHAM provides following data:

- Energy spectra (sample and BG) with σE~10% for 5.3 MeV
- Alpha emission images with σx~5mm

Clear image was obtained

7MPPCs front side measuring

7MPPCs back side measuring
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- efficiency 0.365 ± 0.023
- Live time = 558.7 hr (~1 month)
- Effective area 9.5 x 9.5 cm2

- Sensitivity < 2.4 x10-3 (90%CL) a/cm2 /hr @E>2.5MeV
- BG radon alpha = (8.2 ± 0.3)x10-3 a/cm2 /hr
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Vacuum vessel

MPGD

Drift plate

Sheet resistor

PMT PMT

CF4 gas

photone-

Left PMT

Right PMT

MPGD signal of sum strips
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!

E

Photocathode

Fig. 1 Left panel is a schematic view for both detection of electrons and photons produced

by an α particle in a self-trigger gaseous TPC. The electrons (open circles) and photons

(arrows with dashed line) are yield on a track of α particle (red arrow). Photons are detected

by phototubes (PMT) through sheet resistor (transparent for visible light), then electrons

move down to micro-pattern gaseous detector (MPGD) following an electric field E and

the charge signal is detected. Right panel is an example of signal waveform for PMTs and

MPGD. The timing difference ∆t corresponds to the drift length of electrons. Therefore,

self-trigger TPCs can reconstruct the vertex of tracks.

window and phototubes at both ends. Hence, emitted light from CF4 gas in the vessel

enters to a photocathode of the phototubes through the sheets. In this study, an optical

transmittance of the sheet resistors for the scintillation light from CF4 gas has been measured

by comparing the number of observed photoelectrons with and without the sheets.

Achilles-Vynilas is used as a sheet resistor in this study, which has a thick of 0.2 mm, made

from polyvinyl chloride, a few 1010 Ω/! of sheet resistivity, and transparent for visible light.

Its radioactive impurities are very low as the upper limit for 226Ra, 228Ra, 40K, and 60Co

are reported to be mBq/kg level [18].

The source is a copper plate with a size of (2.5 cm× 5 cm) and 1 mm thickness with 210Po

doped to the surface. Monoenergetic 5.3 MeV α particles are emitted from the surface with

∼ 0.1 s−1 intensity.

CF4 gas with a purity of 99.999% or more was used in this measurement. The CF4 gas

was filled in the vessel at 0.5 to 1.0 atm pressure, then the gas pressure was monitored by

a capacitance gauge (M-342DG-13, Canon Anelva). Most of the α particles deposit the full

energy of 5.3 MeV in the gas with range of few cm. This setup has been kept at room tem-

perature within ±1 degree Celsius because scintillating light yield of CF4 tends to increase

with low temperature [21].

The waveform signal of two phototubes are read by a flash ADC (DRS4, PSI) when two

signals are detected simultaneously within 10 ns. The flush ADC has 14 bits ADC to digitize

signals for 1.0 Gsps sampling rate with the full range of 1024 ns. It is connected to a front-end

board (Raspberry Pi) by USB cable, then the waveform data is stored in HDD.
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S1 S2?

Suppresses radon-alpha events that could not be
removed by activated charcoal.
l Current AICHAM is self-trigger type TPC. alpha emission

position z cannot be determined.
l Detecting CF4 gas scintillation photon simultaneously,

we can obtain the z position by timing Δt.
l Z position of alpha emitted from sample is a constant.

The radon alpha is distributed uniformly in the TPC.
l Therefore, radon α-rays can be suppressed by the

timing cut.
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5. Next plan to install PMTs in AICHAM

2022/06/15

PMT

PMT

Signal: event of alpha from sample

BG: event of alpha from radon

Prediction of event signal

7 / 10
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Setup

Fig. 2 Top panel is schematic view of the experimental setup. Bottom left panel (a) is

graphic view of the sheet resistor (Achilles-Vynilas) attached on the quartz window. Bottom

right panel (b) is a graphic view of a copper plate as the α particle source placed in the

vacuum vessel.

2.2. Signal waveform

Typical signal waveforms for a left and a right phototubes are shown in Fig. 3. These

correspond to a scintillation emission when the 5.3 MeV α particle deposited energy in the

CF4 gas. Both signal waveforms have a time width of 30 ns and a rise point at ∼320 ns in

the time window. The integrated charge within 260-400 ns is converted to the number of

photoelectrons (N (j)
p.e.), where j is a channel number of 1 and 2 for phototubes. The total

number of photoelectrons, N (1)
p.e. +N (2)

p.e., for the event shown in Fig. 3 was derived to be

80 p.e. Since the source is placed at the center of the vessel, the signal amplitude detected

by left and right phototubes are about the same. Therefore, the events of light emission in

the CF4 gas can be selected by the existence of both signals while the phototube dark noise

events are significantly suppressed.

2.3. Observed photoelectrons for CF4 emission

The relations between the number of observed photoelectrons for two phototubes with and

without the α source are shown in Fig. 4 (a) and (b), respectively. The gas pressure of

1.0 atm was kept in the vessel for both cases. The live time of (a) and (b) are 15.96 hr

and 112.74 hr, respectively. An excess was found at a region of 20-80 p.e. for phototubes in

4/10
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Fig. 3 Typical signal waveform of phototubes for channel 1 (top) and channel 2 (bottom),

which corresponds to scintillation emission when α particle deposited 5.3 MeV in CF4 gas.

The integrated window is set to 260-400 ns as shown by red dashed lines.

comparison the data taken with and without the source. Thus, in the setup, the scintillation

light from CF4 gas has been detected clearly when α particles deposited energy. In a case

without the source, major contribution of the coincidence signals at the region of 20-80 p.e.

are considered due to Cherenkov and scintillation light in CF4 gas by cosmic-ray muons.
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Fig. 4 Relation between the number of observed photoelectrons from two phototubes for

(a) with α particle source in 15.96 hr live time and (b) without α particle source in 112.74 hr

live time.
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total 80 p.e. was observed.

Alpha source

5.3 MeV mono-energy (210Po)

5. Next plan to install PMTs in AICHAM
5.1. test of CF4 scintillation photon detection

2022/06/15

15.96hr 112.74hr

○ The simple setup with usual two PMTs (2” size).
○ Comparing p.e. distribution w. and w.o. alpha
source.

○ Total 80 p.e. was observed for CF4 scintillation
emission by 5.3 MeV alpha particles.

○ Enough to see CF4 scintillation light in AICHAM. / 108
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5. Next plan to install PMTs in AICHAM
5.2. test of PMT performing in low pressure CF4 gas

Capacitance gage

valvevalve

CF4
Vacuum pomp

HV

Signal

PMT

Feedthrough

○ Supply voltage: 1200 V (gain ~107).
○ Results: no spark and workable was found at 0.2 bar

and spark and HV down at 1000V was found at 0.05

bar.

○ The PMT can be used in AICHAM.

○ We will measure RI impurities contamination in the

φ8mm PMTs, next step.

○ We want to install PMT in AICHAM,
however usual PMT is larger for side space.

○ We prepared φ8mm PMTs

Cannot install 

30cm

4cm

9 / 10
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Summary

p We have been developing Alpha-particle Imaging Chamber (AICHAM) to screen
radioactive impurities for sample surface based on gaseous μ-TPC in low BG.

Advantages of “imaging”

p Canceled out uncertainty ofmeasuring condition for sample and BG.
p Reduce uncertainty for Monitor gas gain and efficiency for a long measuring

time.

p Taken into account acceptance of alpha tracks at near the wall.
p AICHAM has demonstrated to measure alpha from sample surface with sensitivity

of !. #×%&&' '/)*$/+, (.&%01) for 3 > 2.5 MeV, 9.5×9.5 cm2.

p If you’d like to measure your sample by AICHAM, please contact us.

p Next plan is an installing PMTs in AICHAM to suppress radon alpha events (to
improve the sensitivity). The preparation has been started.

/ 10
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2. Alpha-ray imaging chamber

A low pressure gaseous TPC, NEWAGE-0.3a detector [4], which was used for a directional
WIMP search with three dimensional tracking, was refurbished to be used as an ↵-ray imaging
detector [5]. In order to suppress the radioactive background from the detector itself, the µ-PIC
which is a readout device with a pitch of 400 µm was replaced with a low ↵-ray emission one
[6]. This upgrade improved the ↵-ray sensitivity to ⇠ 10�2↵/cm2/hr [1] for 10 cm ⇥ 10 cm
of e↵ective sample area at 300 hr live time measurement. The performance was evaluated as
follows [2]. The energy resolution for 5.3 MeV of well-reconstructed tracks is ⇠ 7% (�) , the ↵-ray
emission position resolution is ⇠ 7 mm (�), and selection e�ciency for well-reconstructed events
is 21.7%. Recently, we have established a long-term measurement over one month at a stable gas
condition, so that the sensitivity was improved to a few ⇥10�3 ↵/cm2/hr for E > 3.5 MeV. After
the commissioning and performance evaluation, we measured samples for several experimental
groups related to Kamioka underground, Japan, until the start of upgrade period in 2021.

3. Sample screening as a demonstration

We present two examples of the ↵-ray imging as a demonstration of the surface-emission detector.
First sample is a Multi-Pixel Photon Counter (MPPC, or SiPM), Hamamatsu. The measured

samples were used in the prototype detector of AXEL experiment [7]. Fourteen MPPCs were
placed on the copper mesh in two clusters as shown in left panel of Fig. 1. The front-side
(silicon part) and back-side (ceramic part) of the MPPC are facing the mesh in the left-bottom
and right-top corners, respectively.

Two clusters are clearly visible in the ↵-ray emission image shown in the center panel of
Fig. 1. This measurement demonstrated that the detector can measure more than one samples
at one time. Since the background data are also taken simultaneously, systematic uncertainty
for the gas condition change can be cancelled out. In addition, the data of a calibration source
(210Po) placed outside of the sample area allow us to monitor the gas gain as a function of the
measuring period. Measured energy spectra of the sample (front and back side) and background
region are shown in the right panel of Fig. 1. Alpha rays from the both sides of MPPCs were
detected significantly over the background. As a result, 0.58±0.04 ↵/hr per a side of one MPPC
in average was obtained, and it was found the ↵-ray emission rate of front and back side are
similar.

Second, we measured an ESR reflector sheet of PICOLON experiment which searches dark
matter with ultra-pure sodium iodine crystals. No significant ↵-ray emission from the sample
sheet was detected, and an upper limit of 1.77⇥ 10�3 ↵/cm2/hr at a 90% confidential level was
obtained [8].

Figure 1. Sample screening of MPPCs. Left panel is a picture of the setup. Center panel is an
obtained image of the ↵-ray emission. Right panel is energy spectra of the front and back side
of the sample and the background (red, blue and black).
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Figure 1. Sample screening of MPPCs. Left panel is a picture of the setup. Center panel is an
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MPPC screening results
Hiroshi Ito et al 2021 J. Phys.: Conf. Ser. 2156 012176 
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シート Alpha-ray source

(1) Is it clean the sheet ?

(2) How deposits energy passing through the sheet

Sample region
BG region

No film
With film

Energy (MeV)

Energy (MeV)

Powder sample can be measured.
When the powder sample is covered by the thin
sheet, its alpha emission rate can be measured.

Note: alpha energy deposition in the sheet passing
the sheet, it should be corrected energy shift.

72
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• 電解研磨した銅板二枚を用意
• 150*150*1 [mm]、一枚はΦ60mmの穴が開いている
• 作業用に20*20[cm]のコート紙を敷く

1. 板にラップを張り、四隅をカットする
• (鋭いハサミが必要)

2. その上に穴あきの銅板を乗せ、擦り切れ分硫酸Gdを詰める
3. 穴あき銅板をそっと持ち上げ、Gdをふき取る
4. 穴あき銅板にもラップをかけ、四隅のラップを切り取る
5. ラップをかけた面を下にし、銅板に重ねて完成
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Fig. 6. (a) Downward-oriented distribution for source-↵ (black shade), radon-↵ (red
solid), and a histogram made by subtracting the radon-↵ spectrum from the source-
↵ one(blue dashed) (b) Detection efficiency for downward-(black solid) and rejection
efficiency for upward-oriented (blue dashed) events as a function of Fdwn threshold. (For
interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)

cathode strip (fitting in the anode–cathode plane) or drift axis (fitting
in the anode-drift and cathode-drift plane)).

3.4. Track-sense determination

Backgrounds in low radioactivity alpha-particle detectors are in
general alpha particles from the radon (radon-↵) and materials of
construction used in the detector (detector-↵). The radon-↵’s are ex-
pected to be distributed uniformly in the gas volume with isotropic
directions. The detector-↵’s are expected to have position and direction
distributions specific to their sources. One of the main sources of the
detector-↵’s is the �-PIC so the directions of ↵’s coming from this
component are mostly upward-oriented. Since the direction of alpha
particles from the sample are downward, these detector-↵’s and half of
the radon-↵’s can be rejected by the cut of upward-direction events.

The deposit energy per unit path length, dE_dx of an alpha particle
with an initial energy over a few MeV, has a peak before stopping
(Bragg peak). The number of electrons ionized by the alpha particle
in the gas is proportional to dE_dx, and dE_dx along the track profile
is projected onto the time evolution in the signal due to the mechanism
of the TPC. This time profile was recorded as the waveform and thus
the track sense (i.e., whether the track was upward or downward) can
be determined from the waveform.

Fig. 7. Anode–cathode projection distributions of (a) top and (b) bottom of tracks for
alpha particles emitted from the source. The dashed line is the edge of the sample
window.

A parameter to determine the track sense is

Fdwn = S2_(S1 + S2), (4)

where S1 and S2 are the time-integrated waveform before and after the
peak. They are defined as

S1 =  
tp

t0
v(t)dt, (5)

S2 =  
t1

tp
v(t)dt. (6)

Here, t0 = 0 �s, t1 = 1.5 �s, and tp are the start, stop, and peak time,
respectively, for the waveform shown in Fig. 5 (b). The tp is determined
as a time when the voltage is highest in the region between t0 and t1.
Fig. 6(a) shows typical Fdwn distribution with the alpha-particle source,
where most of the events are expected to be downward-oriented. The
Fdwn values of the downward events are distributed around 0.7, as
shown by the black-shaded histograms. Conversely, radon-↵’s have
an isotropic direction, i.e., Fdwn has two components of upward- and
downward-oriented, as shown by the red solid histogram, where the
radon-↵ are background events in the sample test data, as explained
later. The scale of the source-↵ was normalized to the radon-↵ peak
of downward for clarity. Fig. 6(b) shows the efficiency related on
Fdwn threshold for downward-(black solid) and upward-oriented (blue
dashed). The selection efficiency of Fdwn > 0.5 was estimated to be
0.964±0.004 in the source-↵ spectrum while the radon background was

4

Before After

Preliminary

4. Upgrade progress

We started to upgrade the detector in 2021. Details of the upgrade are described in Ref.[2].
We report the results of the upgrade in this proceeding. First, a cooled charcoal system was
installed to suppress radon. A suppression of the background by a factor of four was confirmed
by comparing the background rate with refrigerator on/o↵ of the charcoal system. Second,
the printed circuit board (PCB) area near the µ-PIC was masked to shield the ↵ rays from
the PCB. A reduction of the edge events in comparison with measurement before the masking
was observed. We plan to replace the PCB material with a less radioactive one for a further
improvement. Third, a new field cage which has a height (15 cm) half of the previous one was
installed to reduce the radon background while retaining the sample rate. Images describing the
field cage replacement are shown in Fig. 2.

The field cage was replaced to the new one and the background rate is being studied.

Figure 2. Replacement of field cage. Left panel and right-bottom panel show the previous and
new ones, respectively. Right-top panel is a picture during the the new field cage installation.

5. Conclusion

We have been developing ↵-ray imaging detector based on µ-TPC in low radioactivity
background. The detector was upgraded and the performance is being evaluated. In parallel,
the sample measurement have been done, e.g. MPPC and reflector sheet.
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ドリフト⻑を短くすることで、

Resolution σ=7mm Resolution σ~5mm

/ 9

To be short drift length 30cm -> 15cm

Before After

2020 ⇨ 2021

Drift length was shorted in order to
- improve position resolution,
- reduce radon background. We obtained
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