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1. Introduction

• As known, Dark Matter (DM) composes ~27% in the universe. DM (WIMP

as the candidate) direct search pioneers approach using a detector with

massive and low background.

• DAMA observed the annual modulation in 8.2σ as DM contribution,

however other group (XENON100, LUX, …) have not reproduced this signal.

• On the other hands, a direction sensitive DM search has been focused

because of WIMP-wind. A recent sensitivity is also limited by radioactive

impurities in the detector material.

• A pure material should be selected to design the detector for DM search,

and therefore the low background level radiation detector is required.
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2. Surface alpha ray detector
Detector Mechanism 
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µ-PIC

Sample	region
(10x10	cm2)

Drift	plate	(Cu)

9 rayE
CF4 gas	
0.2	atm

• A Measurement of radioactive
impurities (238U, 232Th) by detecting
alpha ray emitted from the sample
surface.

• Drift plate has an alpha-ray window.

• Sample is set on the window and
supported by Cu mesh.

• Alpha ray 3D tracks are measured
based on Time Projection Chamber.

• The hit time in μ-PIC is converted to
drift length.

Cu	mesh

AB



2. Surface alpha ray detector
Construction design

Goal: BG rate 10-4 alpha cm-2 hr-1

(238U, 232Th ppb level for a thin film)

Advantage:
(1) A position sensitivity.
(2) An ability to take a sample and 
BG event at a same time.

Gaseous detector (NEWAGE-0.3a)
Based on TPC using μ-PIC with a
strip gap of 400 μm
Lower pressure Gas: CF4 0.2 atm.
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2. Surface alpha ray detector
Installed Low-α µ-PIC
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100 µm

	
�-
� 238U [ppm] 232Th [ppm] ��
PI100μm 0.39±0.01 1.81±0.04 Conventional

μ-PIC material
�������� < 2.98×10-3

(90%CL)
< 6.77×10-3

(90%CL)
New material

AIP Conf. Proc. 1921, 070001 (2018).



2. Surface alpha ray detector
Detector building in Kamioka underground

Gas Circulation system

Electronics

μ-TPC 
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Front end DAQ
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sample�ß(Po�ɺǭ˧˷˽˙)
˗˥˸˺ƜǱʅʱ

ʦʴʰʙʿ˧˙˺˗˽˧ʗØʦʏʒʱŮĢʵʓɺʱʍɾʔʱ

Po-210 accumulated on copper surface
- size: 10x10x0.1 cm3

- 5.3 MeV alpha emit from 210Po
- 1.43 ± 0.01 alpha/sec for 4.8-5.8 MeV

NIM A 884 (2018) 157.
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3. Calibration and Performance check
Setup

No sample
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α

Time Time

dr
ift

dr
ift

Alpha particle (>2 MeV) Bragg Peak

µ-PIC

Downward Upward

E
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3. Calibration and Performance check
Alpha event reconstruction

α
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Head-tail analysis
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3. Calibration and Performance check
Alpha energy and Imaging map

Energy resolution: 19.6% FWHM for 5.3 MeV.
It is reasonable in comparison with a recent NEWAGE
detector resolution (~10%σ) for radon alpha.

0

20

40

60

80

100

120

140

hh0

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh0

0

5

10

15

20

25

30

35

40

hh1

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh1

0 1 2 3 4 5 6 7 8 9 100

200

400

600

800

1000

1200

1400

1600

energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}

0

50

100

150

200

250

300

350

length*0.75:energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}

0 1 2 3 4 5 6 70

1

2

3

4

5

6

7

8

9

10

length*0.75:energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}

0

20

40

60

80

100

120

140

hh0

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh0

0

5

10

15

20

25

30

35

40

hh1

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh1

0 1 2 3 4 5 6 7 8 9 100

200

400

600

800

1000

1200

1400

1600

energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}

0

50

100

150

200

250

300

350

length*0.75:energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}

0 1 2 3 4 5 6 70

1

2

3

4

5

6

7

8

9

10

length*0.75:energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}

0

20

40

60

80

100

120

140

hh0

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh0

0

5

10

15

20

25

30

35

40

hh1

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh1

0 1 2 3 4 5 6 7 8 9 100

200

400

600

800

1000

1200

1400

1600

energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}

0

50

100

150

200

250

300

350

length*0.75:energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}

0 1 2 3 4 5 6 70

1

2

3

4

5

6

7

8

9

10

length*0.75:energy-2.09*(1.-exp(-(time+start-1539221485)/3600/5.3)) {energy>0 && nhit_s>25 && chi2_xz/nhit_s<0.01 && chi2_yz/nhit_s<0.02 && chi2_xy/nhit_s<0.02 && anode_c[1]>-5 && anode_c[1]<5 && cathode_c[1]>-5 && cathode_c[1]<5}

Energy (MeV)

C
ou

nt
s/

bi
n

Energy (MeV)

SRIM
 He

Alpha emit point

Cathode (cm)Cathode (cm)

A
no

de
 (c

m
)

A
no

de
 (c

m
)

Alpha stop point Energy spectrum Energy vs. Length

Le
ng

th
 (c

m
)



0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

hh0

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh0

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

hh1

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh1

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0.018

0.02

0.022

hh2

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh2

0

0.002

0.004

0.006

0.008

0.01

hh3

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh3

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

hh0

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh0

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

hh1

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh1

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0.018

0.02

0.022

hh2

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh2

0

0.002

0.004

0.006

0.008

0.01

hh3

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh3

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

hh0

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh0

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

hh1

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh1

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

hh2

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh2

0

0.002

0.004

0.006

0.008

0.01

hh3

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh3

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

hh0

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh0

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

hh1

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh1

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

hh2

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh2

0

0.002

0.004

0.006

0.008

0.01

hh3

15− 10− 5− 0 5 10 1515−

10−

5−

0

5

10

15

hh3

���	������ 
 ���1������/ ���1,��
0.��2�.�6 �� ���

3. Calibration and Performance check
Alpha energy and Imaging map
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3. Calibration and Performance check
Alpha energy and Imaging map
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8:24 per3 daq stop, HV down, V7, 10 open, 
純空気充填
8:35 susふたopen, サンプル設置
8:43 sus huta close
ふたネジ締まりキツイ、潤滑油必要
8:53 真空引き開始
9:30真空引き終了、CF4 flush
9:38 CF4 0.2気圧充填、HV up drift 2.5kV 
(8.4uA), anode 550V(1.215 uA)
9:46 per4 daq start

14:01 per4 daq stop, HV down, 純空気注
入、
14:10 susふた開けて、サンプル抜き出し
て、閉じた。やっぱり、ネジきついや
14:30 真空引き開始
15:05  CF4 Flush
15:10 CF4 2気圧充填 1.97  E+04 Aa
15:30 HV up drift 2.5kV (8.3uA) 550V 
(1.460uA)
15:31 per5 daq start
16:20 出坑
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4. Inspection for a sample
Setup

Conventional µ-PIC sample 

A
no

de
 (c

m
)

(Live time 75.5 hr)

Cathode (cm)
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4. Inspection for a sample
Result

(Live time 75.5 hr)

A
no

de
 (c

m
)

Cathode (cm)

(1) (2)

!"#$% = 2.50 (71) Alphas/ hr
!78 = 1.23 (50) Alphas/ hr

Δ! = !"#$% − !<=/3
Δ!/> = 0.084 41

Alphas/ cm2 �hr
BG rate = 0.0041 (17)

Alphas/ cm2 �hr

Energy (MeV)

Sample region (1)
BG region (2)

The result presents to
~  3 ppm of GHIJ equivalent  in the µ-PIC,
~10 ppm of GHGKL equivalent in the µ-PICA

lp
ha

s 
/ h

r/
 0

.2
 M

eV

The ability to take a sample and BG in a same time was established.

Rejected upward alpha
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5. Background study
A

no
de

 (c
m

)

Cathode (cm)

(3)

(1) (2.1) (2.2)

(4)

Energy (MeV)

C
ou

nt
s/

 0
.2

 M
eV

Energy (MeV)

C
ou

nt
s/

 0
.2

 M
eVData (2.1)

Data (2.2)
Data (3)
Data (4)

The energy spectra in background region (2.1),
(2.2), (3), and (4). The (3) and (4) spectra are tend
to distribute continuous.

(Live time 75.5 hr)
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5. Background study
A

no
de

 (c
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)

Cathode (cm)

(3)

(1) (2.1) (2.2)

(4)

(3)

(2.1) (2.2)

(4)

SR
IM

 H
e

SR
IM

 H
e

SR
IM

 H
e

SR
IM
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e

Energy (MeV)

Le
ng

th
 (c

m
)

Energy (MeV)

Le
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 (c

m
)

Energy (MeV)
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ng

th
 (c

m
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Energy (MeV)
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Candidates of BG are almost alpha ray from a
relation between the track length and energy.

(Live time 75.5 hr)
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5. Background study
A
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 (c
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Cathode (cm)

(3)

(1) (2.1) (2.2)

(4)

(E > 3MeV)

Upwardlike !"# Upwardlike !"#

Upwardlike !"# Upwardlike !"#

C
ou

nt
s/

bi
n

C
ou

nt
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bi
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C
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There is two peaks in head-tail analysis if the
direction is isotropic such as radon alpha.

(Live time 75.5 hr)

(3)

(2.1) (2.2)

(4)
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Teflon

2 Radon '

E

5. Background study

3 Edge '

4 Wall '

1 Sample '

1. Sample alpha direction is a downward. We want to
observed it.

2. Radon alpha direction is isotropic. The peak is 5-7
MeV. The radon is distributed on all region. Since
the downward radon alpha cannot be identified
in offline analysis, it is the main background.

3. Edge alpha direction was upward and the energy
was continuous. The alpha can be emitted from an
edge of μ-PIC or electric connectors. It can be
rejected by the head-tail analysis and fiducial cut.

4. Wall alpha direction was isotropic and the energy
was continuous. The alpha can be rejected by the
fiducial cut.



���	������ � ���2��.��,0 ��
2�.��1/6.��/�� �


6. Prospection

as the pink line, while R0 is assumed as a free parameter. When cooled charcoal is added to

gas circulation system and low radiative matirial is selected, the radon rate was reduced by a

factor of ∼ 50 in total.

time [days]
0 5 10 15 20 25

R
ad

on
 ra

te
 [c

ou
nt

s/
kg

/d
ay

s]

210

310

410

510

no circulation, glass-plastic

cooled charcoal [500ml/min], glass-plastic

cooled charcoal [500ml/min], PEEK, RUN14-1
cooled charcoal [500ml/min], PEEK, RUN14-2

Figure 6.1.6: The measured time dependence of the peak component (> 3000 keV).

Next, the amount of radon in the fiducial volume was evaluated. Because the amount of
222Rn reach the equilibrium more quickly with the gas circulation system than its half-life,

it is difficult to distinguish 222Rn and 220Rn using the time dependence anymore. Since the

half-lifes of 218Po, 214Pb, 214Bi and 214Po are shorter than the that of 222Rn, 222Rn decays

to stable 210Pb in a short period compared to the decay rate of 222Rn. Thus, the α particles

from the daughter nucleus, 218Po and 214Po, are also detected when a 222Rn decays in the

µ-TPC. Similarly, α particles from 216Po, 212Pb, 212Bi and 212Po are also detected when a
220Rn decays. More than 90% of daughter nucleus are known to be positively charged[84], and

considered to drift to the drift plane where negative high voltage is applied. Since the half-life

of 218Po, several minute, is longer than the typical drift time of several micro seconds, 218Po

is considered to stick to the drift plane and decays in the place. Thus, the probability that α

particles from 218Po are emitted into the detection region of µ-TPC is halved; i.e. the other

half goes into the drift plane. The daughter nucleus 218Po decays on the drift plane and the

probability is halved as well. For the series of 220Rn, it is necessary to consider the branching

ratio shown in Figure 6.0.1. In addition, since the track length of α particles of ∼ 6MeV is

95

(Supported by JSPS KAKENHI                 Grant Number 24340050) 

Development of a high sensitive 
radon detector in Kamioka  

1. Abstract: 
  Radon is one of major background sources in the 
underground neutrino experiments. Our group has 
been working to develop a high sensitive radon 
detector, especially for Super-Kamiokande and 
XMASS experiments in Kamioka.  
  Recently, we are trying to make a new vacuum-
tight electrostatic-collection radon detector with 
80 litter volume. In this poster, we will report the 
basic performances of the new 80-L radon detector 
and possible applications to the underground 
neutrino experiments. 

Poster ID: 91 @NEUTRINO 2014 

2. 80-L Radon detector: 

3. Calibration system at Kobe: 

5. Applications: 

Y. Takeuchi  (Kobe), K. Hosokawa (Kobe), Y. Nakano (ICRR), Y. Onishi (Kobe), H. Sekiya (ICRR), S. Tasaka (Gifu)  

4. Basic performance: 

Super-Kamiokande 
detector XMASS-I 

detector 

Po-218 
Po-214 

ADC distribution of Rn signals 

�PIN photo diode + electrostatic collection 
�Detector surface: grounded, PIN photodiode: -0.2~-2.0kV 
�Developed mainly for Super-K and XMASS experiments. 
�Inner volume is about 80-L. 
�Viton O-rings and an acrylic plate in the 70-L Rn detector are 

replaced with ICF flanges in the 80-L Rn detector.  
�214Po count rate is used to estimate 222Rn concentration. 

PIN photodiode 
(18mm x 18mm) 

Cf. 70-L Rn detector: 
NIM A421 (1999) 334 

Feed through 

Schematic view of the 
80-L Rn detector 

ICF70 

214Po: 
7.69MeV 
peak 

 J. of Phys.: Conf. Series, 469 (2013) 12007 
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High Voltage (kV) 

Air 

Ar 

Preliminary 

� We have measured basic 
performances of the 80-L Rn 
detector 
� Purified Air, Argon, Xenon 

gases are used in this 
measurement. 
�BG Rn level: ~0.5mBq/m3 

� We are summarizing these 
results of the performance 
measurements. 

Cold 
trap 

Cold 
trap 

80-LRn  
detector 

Xe gas 
storage 
vessel 

@Kobe U. 
2012/12/04 

� Radon detector is calibrated 
with purified career gas with 
known amount of radon. 
� Calibration Factor (CF) is 

obtained from observed 214Po 
count rate at the Rn detector 
and calculated Rn 
concentration in the gas under 
various conditions.  

80-L radon detector 

Carboxen 
-1021 

Shirasagi 
G2X 4/6  

Purified gas 

Xe gas 
storage 
vessel 

80-L Rn detector 

Rn source 
(PYLON RNC) 
78.3 Bq 

TMP: Turbo Molecular Pump  
Dew: Dew point gauge 
MFC: Mass Flow Controller 

: Pressure gauge 
 : valve (open) 
 : valve (close) 

Humidity dependence 

Absolute Humidity (g/m3) 

Ca
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 Preliminary 

High Voltage  dependence 

Ar -2.0 kV 

Air -2.0 kV Ar -1.0 kV 

Xe -1.0 kV 
Air -1.5 kV, 70-L 
NIM A 421 (1999) 334 

212Po 

214Po 

Co
un

t r
at

e 
(c

ou
nt

/d
ay

) 

218Po 

212Bi 

210Po 

Preliminary Background level 
Count Rate 
[count/day]  

210Po (5.7 +/- 0.3) 
224Ra <0.15 
218Po 
212Bi 0.8 +/- 0.1 

220Rn <0.1 
216Po <0.1 
214Po 0.8 +/- 0.1 
212Po 0.4 +/- 0.1 

SK detector 

Mixer 

Water 
vapor 
trap 

Radon trap 
(cold activated charcoal) 

80L Rn 
detector 

1. Radon in sample water is extracted by 
the Mixer into air. The air go through 
the cold radon trap. Radon in air will 
be trapped. 

2. Extract radon by baking the radon 
trap, then the radon will be supplied 
into 80-L Rn detector by air.  

Sa
m

pl
e 

w
at

er
 

1st step 2nd step 

Purified 
air 

Activated charcoal trap works well for Rn in air  

(Using the calibration system at Kobe,  
in gas Ar, with Shirasagi X2M 4/6, 5g) 

adsorption 
efficiency 
99% 

trap 

baking 

bypass 

1. Evacuate all the system 
2. Supply gas Ar (at 0.00 MPaG) 
3. Supply Rn for a few minutes, then 

disconnect the Rn source. 
4. Bake the trap at +85 degree C. 
5. Cool the trap at -105 degree C. 
6. Start flowing through the trap 
7. Bake the trap at +85 degree C. 
8. Cool the trap at -105 degree C. 

Cf. RADIOISOTOPES, 59, 29-36 (2010) 
Rn measurement in SK water 

Rn measurement in gas Ar with cold trap 

Activated charcoal trap works well for Rn in gas Ar  

ICF305 

(In Air,  -1.0kV) 

RADIOISOTOPES, 59, 29-36 (2010) 

• Radon alpha is dominated as the main
Background with ~4×10-3 alphas / cm2 / hr.

• We have a prospection to improve factor
50 for achievement less than 10-4 alphas /
cm2 / hr using cooled charcoal.

• We made sure the radon suppression with
factor 50 in the current NEWAGE detector.

• A recent study is achieved the radon
suppression of 99% using the cooled
charcoal.

K. Nakmura, Doctor Thesis 2015.

Improvement factor 50

NEWAGE-0.3b’
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7. Conclusion

• We have been developing a surface alpha ray detector with μ-PIC
in low background to select purified material for dark matter direct
search.

• The energy resolution was evaluated to be ~20% FWHM for 5.3
MeV.

• It was demonstrated:

• A position sensitivity,

• An ability to take a Sample & BG at a same time.

• BG rate was achieved to ~4×10-3 Alpha/cm2/hr (radon alpha is
mainly).
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3D-axialでの制限更新
3D-vectorによる初の制限

10

preliminary

課題：50～100keVでの3D vector解析

エネルギー [keV]

R. Yakabe, Doctor thesis 2018
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Gas circulation system
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