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1. %�

• ��	�E<>KDark Matter/ 0νββ-decay�!��G

,4W��&F���EICDNRUXP@D:K9

(XMASS, KamLand-Zen, NEWAGE, Candles, …)

• ���3�2�FBHE8��	��7FOTXR
F�M-;D�&��*$5�M0HD:K9

("��3� �8)6α#8SQV('.1)

• NEWAGE-0.3a���M�/@D�,)6=J�?L
Kα#Y)6α#ZM��@8�,�U/Th�&��M+
�AK9
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2. .6α)��


4

μ-TPC

HROQ/+

NEWAGE-0.3a
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Fid. Vol. = 20 x 28 x 31 cm3
CF4 gas 150 torr (0.2 atm)
Eff. mass = 0.0115 kg

$#
• 1�.69C��;EDα)F�
�<>�'���F0�=D7

μ-TPCF!8D��
• 1�Aα)������	
• (*�S&���	,

:EB?A5" �
• NEWAGE-0.3aF�3
• LPNK6��@α24!%/+
• HROQ��!@
�-
• DAQJMIG
• $�: Ultralo-1800, 10-4 αs/cm2/hr

T238U 10-2 ppm levelU
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Teflon

μ-PIC

µ-TPC

Sample

Sample	region
(10x10	cm2)

Drift	plate	(Cu)

= rayE

CF4 gas	
0.2	atm

2. ��α���� @��Lab-A
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2. ��α���� low-alpha μ-PIC

30cm

30cm

μ-PIC : Micro Pixel Chamber

Anode

Cathode

100μm
800μm
100μm

�(�+�	(���)�+�����
��	��(��
���(��+�� 	�Th�U��
��

��
�� 	��� �

Sample 238U [ppm] 232Th [ppm]
PI100μm

(conventional)
0.39±0.01 1.81±0.04

���(����
��(� 

< 2.98×10-3 < 6.77×10-3

100 μm

AIP Conf. Proc. 1921,
070001 (2018);
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Ɯǲɾʱ ʿ˧˙˺˗˽˧ʔʏʒ˗˥˸˺Ɯʔʱ

sample�ß(Po�ɺǭ˧˷˽˙)
˗˥˸˺ƜǱʅʱ

ʦʴʰʙʿ˧˙˺˗˽˧ʗØʦʏʒʱŮĢʵʓɺʱʍɾʔʱ

2018/3/8 7

3. ��	����

Pb-210 �����
-�
: 10x10x0.1 cm3

- 5.3 MeV alpha emit from 210Po
- 1.5 alpha/sec

calibrated by ultralo-1800

Calibration run setup

144

Όͱͧΐ»@*ŝ

• ʿˑ˂ʄƇN͌

• ʯʯʸʱʮʢǇŮ@͍̫µ�E͐ʯŮ�̰̟͌

• ȍɵ̗͌

• ǅ̳Ǉ̫̯̍̍̍ɱō̮̗͌

• Όͱͧΐ̐̕

• ǅ̌̓ɱō͉͋Όͱͧΐ̳ī̒¡̮̓̍̈̎͆͊Ǌ̳ʜ̳ɧM̴Ƚ@ķ
̳ɳ̛̰�̨͍̫̯̀̍̍̿̍

• ̣͍̑BÈ̳Ǖ�̝͍̯̑̈́̍̈ƽ̵͍̳̑̌̕�̒ʯΌͱͧΐMBĘ̫̀̒̌͌
ǫ̫̥̑Ů̟̒͌

• ̴́K̥ʜ̴̬̦̗̓͌ͳΗΙ͛ͼΜ̰q͉̰̀͌̎Ă͋Ļ̘̥

Όͱͧΐ̡̳̥͐�

Ǌ͐Ă͋Ļ̘̥�
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3. ��
	��� Calibration run

Direction upwardlike with 

waveform analysis

S1 S2

Upwardlike: F=S1/(S1+S2)

α�
α�

time time

d
ri

ft

d
ri

ft

2 MeV ��α� Bragg Peak

μ-PIC

Downward Upward

E

91.6% ID @0.5 thre.
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3. �������

XZ-plane YZ-plane

XY-plane
Emit position

Event reconstruction
Calibration run
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3. �������

Angle map

Energy spectrum

Energy (MeV)

σE�11%
@5.3 MeV

Calibration run

cosθ

θ

sample

An
od

e 
(c

m
)

Cathode (cm)

Sample region

Emit point map

Upwardlike: F=S1/(S1+S2)

co
sθ 1

0.95

0.9

0.85

0.8

0.75
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TPC�����

TPC
(NEWAGE-0.3a)

��)-&
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���

���(-'CF/(-'

��)-&
EMP, MX-808ST-S�	�
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3. �� ��� !$��#$%* 
�

SW

300 cc/min
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TPC�����

TPC
(NEWAGE-0.3a)
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3. �	3#���

Time (day)

A
lp

h
as

/0
.0

5
d

ay

Energy (MeV)

U
p

w
ar

d
lik

e
BG run (no sample)

F8B@7�����4��
F;9E=CG=23.8day3$���41,�

F:?B<G4�7 MeV2��
F8B@73�+4�����
F=DE(Rn-220)*!(.'6

Rn-220 T1/2 = 55.5sec, 6.29 MeV
Po-216 T1/2 = 0.145sec, 6.78 MeV

F=DE BG rate: 0.33	± 0.05	as/hr/cm2

F���/A>E(Rn-222)*03����/+
-)"56 *&6%

Cathode (cm)

A
n

o
d

e
 (

cm
)

Anode HV off region

Cut region
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��1�8��'
�

2 days

<CD BG rate 
0.33	± 0.05	as/hr/cm2

E<CD(Rn220)2��55.5 sec1+4"���31	�
� 300 cc/min.2�)(8/$#
E��5806,-��Rn��'��G
ELab-A1Rn@>;F&7����)+<CDE:B?92

~ 0.3 as/cm2/hr .��.(*%

3. ��1!��� BG run (no sample)

Po-214(<CD�)

Po218(A=D�)

M
ay

Ju
n

Ju
l.

A
ug

.

Rn-222 400Bq/m3

Lab-A A=D@>;F

Factor 2

to
rr
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4. ��D��

• BG level 10-4 as/hr/cm2F��K*�

• 4+DMP$J.�
• �!QYZK��<7BG < 10-2 alpha/cm2/hrK/1.
• 5�#�
- (14�6#�K��)A7�Cradon 

BGK =?H#�0�E10-4 alpha/cm2/hr2�/1.

• �3)'VRZ[QYZD��
• ��-�,&D�B83�K�(
Exp) LNXPTSVP�, PEEK�, …

• >D�
• "�%CGIVRZ��	�K/@:;9
• OZUW#�F
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5. ZU[

• :Halpha	%�Y!I/@p�Eβ���7XR[X&
��C#dokmXalpha8���6/_,�Q]R[W
G2PSL]K

• 5.3MeV α8_0LSbimcqA'PRK
• 	=9~11%(σ)U>�PRK
• Upwardlike_*�=%T)�PJfqe1$amj`8
_91%�O_��K

• ?�VP: BG run� 
• ��Jgno(Rn-220)N�D3W<MRK
• gno BG level = 0.331	± 0.05	as/hr/cm2

• +�.W\]lho(Rn-222)�
9�Y��� ��K

• D5-^;�T�(1$gno_�
JF",�_� 
• BG level 10-4 as/mc2/hrB�_4�Q
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Rn-222 contamination
In Air

Lab-A radon monitor
#+,��

)$,��

Rn�
: 400 Bq/m3 @1atm
	� �!:  0.0368 m3 @0.2atm
pV=const.
�����: 3-4 torr/day
 ,'*����: 

100cm2/900cm2 = 0.11
Po-218 Po-214 peak factor = 2

Rn-220 alpha = 400Bq/m3  *2 
* 0.2atm/1atm
* (3-4torr/145-155torr)
* 0.0368m3
* 0.11
* 3600 as/hr/Bq
/ 100 cm2

= � 0.6 as/cm2/hr
{Upward like cut factor 1/2}
Rn-220 alpha ~ 0.3 as/cm2/hr

Lab-A�Rn(%".�������#+,-�*&������

Factor = 2
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��������track linear fittings

XZ-plane YZ-plane

XY-plane
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%+/)���0track linear fittings

��*$()#.&-',
weight point (!", $")
raw data point (!%, $%)
rotated point (&%, '%)

(!", $")

&%
'%

= cos, sin,
−sin, cos,

!% − !"
$% − $"

,

(&%, '%)
(!%, $%)

Anode (cm)

Dr
ift

 (c
m

)

y=0�*$()��	�best θ���(��)
���"���
�� y=ax+b*$()� θ=90 deg (a=�)
�
�����!�

tan-1θ��(-90 < θ’ < 90 deg)���

012 =3
%
'%2 =3

%
− !% − !" sin, + $% − $" cos,

(k = !7, $7, !$)

!" =
1
:3%;<

=
!%

$" =
1
:3%;<

=
$%

Length
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��������track linear fittings

!"# =%
&
'&# =%

&
− )& − )* sin. + 0& − 0* cos.

(k = )5, 05, )0)
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2. ��α���� low-alpha μ-PIC
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3. �������

Energy calibration 
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3. �������

Alpha emitting positon map
Energy cut : 5 < E < 6 MeV

Calibration run
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3. ������� Radon background run
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3. �������

Time (day)

En
er

gy
 (M

eV
)

Time (day)

En
er

gy
* 

(M
eV

)

Energy* (MeV)

Co
un

ts
/b

in

Correction

Calibration using alpha source (Am-241)

σE=14.7%
@5.4MeV



2018/3/8 29

3. ������� Radon background run
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Low a μ-TPC���

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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MA 0.1μm
MB 0.2μm
MC 0.4μm
MD 0.6μm
ME 0.8μm
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• A new type μ-PIC, by replacing top layer of PI with a new material
• A prototype(10×10cm2) was successfully created

• The anode electrodes are placed in the cathode electrodes     

33

A prototype of � ��� μ-PIC

10cm

10cm

anode

cathode

production in 2016
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Performance check of the  �	�
 μ-PIC

Cathode readout
MCA

��������
• Anode 256ch×cathode 256ch
• Cathode readout
• Recorded pulse height using MCA

pre-amp: 2V/pC

cathode

an
od

e

Requirement : The same level with gas 
gain of standard μ-PICs  

μ"PIC Drift+mesh

1+cm

Vacuum+vessel

Capton films

Source
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• Gas gain of Low α μ-PIC is almost same as 
standard μ-PIC
• Error bar: Position dependence of gas gain

• A difference between two slope of gain curve is 
under investigation
• difference of electric field structure
• difference of a height of anode electrode 

�� 	������
���	��


Anode_V[V]
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310

standard uPIC

LA uPIC

Condition
• Ar:C2H6 = 9:1,1atm
• Drift V : -500 V
• Source : 55Fe

��������
��� �	

Standard μ-PIC(100μm)

Low α μ-PIC(80μm)

cross section view of μ-PIC

A

A
B
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• Low α μ-PICs with a detection area of 30×30cm2 was very successfully 
created 
• alignment control is very good (< 1 μm)

� �� �
����� � -�	��

30cm

30cm • We confirmed gas amplification
• We will check the performance of 

a 30�30cm2 LA μ-PIC
• This will be installed DM searching 

detector in 2017 summer

36

production in 2017
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100μm
800μm
100μm

�����������
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�
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��	
Sample 238U[ppm] 232Th[ppm] ��

PI100μm 0.39±0.01 1.81±0.04 Current μ-PIC 
material

� ������ < 2.98×10-3 < 6.77×10-3 New material

37� ������

• New materials is 100 times as pure as current materials
• Low α μ-PICs were created

PI 5μm
epoxy 75μm

������������+�������	���+����������

• The main background source is glass clothes in PI 100μm
• We need to make a μ-PIC with low radioactive materials (Goal : 1/100)
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