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238U and 232Th measurement results using the HPGe detector 

5 ⇥ 5 cm2 samples from a standard and low-↵ µ-PIC were 3.16 and 2.88 days, respectively. We selected events with
energies greater more than 500 keV and over three hits. The correlation of energy vs track length from a standard µ-PIC
measurement is shown in the right-hand panel of FIGURE 3. The red line is calculation for ↵-rays from SRIM[17],
showing that ↵-rays are clearly detected. The starting and ending points of the tracks for each event are shown as
accumulated images in the upper panels of FIGURE 4. The lower panels of FIGURE 4 show the energy spectra for
the sample and background regions. The image loss observed in the upper left-hand along the anode between 0 and
1 cm, which we denote by 0 cm < anode < 1 cm, and between �5 cm < anode < �4 cm and 0 cm < anode < 5 cm
in the upper right-hand panel are due to the faulty connections between the detector and electronics. These regions
were removed from the surface ↵-ray analysis. The area between 3.5 cm < anode < �0.5 cm and �4.5 cm < cathode
< 4.5 cm( 3 ⇥ 9 cm2 area designate as “1 block”) is defined as the sample region, and the rest is defined as the
background (BG) region. The BG region is segmented into 14 blocks. The count rate for a standard µ-PIC sample is
0.113±0.007 [counts /cm2/h], where the error is a statistical error. The corresponding count rate for the BG region
is 0.068±0.007±0.020 [counts/cm2/h], where the first and second error terms are a statistical and systematic errors,
respectively. The position-dependence of the BG region blocks is a systematic error. The energy spectrum for each
region is shown in FIGURE 4 (lower panels).
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FIGURE 4. Upper left : Accumulated image of ↵-ray tracks for a standard µ-PIC sample measurement. Upper right: Low-↵ µ-PIC
sample measurement. Lower: The red and blue histograms are the energy spectra for the sample and BG regions, respectively. The
green histogram is a Geant4 simulation of ↵-rays from 238U and 232Th in the glass cloth inside the PI100 µm insulator.

We obtained the count rates for the ↵-rays from the samples by subtracting the rate for the BG region rate
from that for the sample region. The rate for the surface ↵-rays from the standard µ-PIC sample is 0.034±0.009
[counts/cm2/h]. We evaluated the detection e�ciency for surface ↵-rays as 0.159±0.007 using Geant4, where the
error is the systematic error due to the uncertainly in the glass-cloth thickness. The rate of surface ↵-rays from a
standard µ-PIC sample is 0.28±0.12 [↵ /cm2/h]. For comparison, the value determined from the HPGe measurements
is 0.146±0.004 [↵ /cm2/h], where the error includes the systematic error due to the uncertainly in the glass-cloth
thickness and the statistical error. These values are consistent at about the 1.1� level. The rate of surface ↵-rays for
the low-↵ µ-PIC sample was analyzed in the same way as for the standard µ-PIC sample. No significant excess over
the background was detected, setting a 90% upper limit of 7.55 ⇥ 10�2 [↵ /cm2/h].

To understand the background for the surface ↵-ray detector, we simulated the energy contributions owing to
↵-rays from 238U and 232Th in the glass cloth inside the PI100 µm insulator of the µ-PIC using Geant4 (FIGURE 4).
The background is well-explained by the ↵-rays from 238U and 232Th in the glass cloth inside the PI100 µm insulator.
We also determined the background contribution from radon contamination in the gas. Assuming that events with
energies of at least 4 MeV are the ↵-rays from radon, we obtained 0.66 [Bq/m3] as the upper limit for radon events.

5 ⇥ 5 cm2 samples from a standard and low-↵ µ-PIC were 3.16 and 2.88 days, respectively. We selected events with
energies greater more than 500 keV and over three hits. The correlation of energy vs track length from a standard µ-PIC
measurement is shown in the right-hand panel of FIGURE 3. The red line is calculation for ↵-rays from SRIM[17],
showing that ↵-rays are clearly detected. The starting and ending points of the tracks for each event are shown as
accumulated images in the upper panels of FIGURE 4. The lower panels of FIGURE 4 show the energy spectra for
the sample and background regions. The image loss observed in the upper left-hand along the anode between 0 and
1 cm, which we denote by 0 cm < anode < 1 cm, and between �5 cm < anode < �4 cm and 0 cm < anode < 5 cm
in the upper right-hand panel are due to the faulty connections between the detector and electronics. These regions
were removed from the surface ↵-ray analysis. The area between 3.5 cm < anode < �0.5 cm and �4.5 cm < cathode
< 4.5 cm( 3 ⇥ 9 cm2 area designate as “1 block”) is defined as the sample region, and the rest is defined as the
background (BG) region. The BG region is segmented into 14 blocks. The count rate for a standard µ-PIC sample is
0.113±0.007 [counts /cm2/h], where the error is a statistical error. The corresponding count rate for the BG region
is 0.068±0.007±0.020 [counts/cm2/h], where the first and second error terms are a statistical and systematic errors,
respectively. The position-dependence of the BG region blocks is a systematic error. The energy spectrum for each
region is shown in FIGURE 4 (lower panels).
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FIGURE 4. Upper left : Accumulated image of ↵-ray tracks for a standard µ-PIC sample measurement. Upper right: Low-↵ µ-PIC
sample measurement. Lower: The red and blue histograms are the energy spectra for the sample and BG regions, respectively. The
green histogram is a Geant4 simulation of ↵-rays from 238U and 232Th in the glass cloth inside the PI100 µm insulator.

We obtained the count rates for the ↵-rays from the samples by subtracting the rate for the BG region rate
from that for the sample region. The rate for the surface ↵-rays from the standard µ-PIC sample is 0.034±0.009
[counts/cm2/h]. We evaluated the detection e�ciency for surface ↵-rays as 0.159±0.007 using Geant4, where the
error is the systematic error due to the uncertainly in the glass-cloth thickness. The rate of surface ↵-rays from a
standard µ-PIC sample is 0.28±0.12 [↵ /cm2/h]. For comparison, the value determined from the HPGe measurements
is 0.146±0.004 [↵ /cm2/h], where the error includes the systematic error due to the uncertainly in the glass-cloth
thickness and the statistical error. These values are consistent at about the 1.1� level. The rate of surface ↵-rays for
the low-↵ µ-PIC sample was analyzed in the same way as for the standard µ-PIC sample. No significant excess over
the background was detected, setting a 90% upper limit of 7.55 ⇥ 10�2 [↵ /cm2/h].

To understand the background for the surface ↵-ray detector, we simulated the energy contributions owing to
↵-rays from 238U and 232Th in the glass cloth inside the PI100 µm insulator of the µ-PIC using Geant4 (FIGURE 4).
The background is well-explained by the ↵-rays from 238U and 232Th in the glass cloth inside the PI100 µm insulator.
We also determined the background contribution from radon contamination in the gas. Assuming that events with
energies of at least 4 MeV are the ↵-rays from radon, we obtained 0.66 [Bq/m3] as the upper limit for radon events.
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