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MPGD Activities in JAPAN

(Not even a complete list)

Structure studies Resistive electrodes
GEM (Gas electron multiplier) Organic material
@Many institutes ... KEK, RIKEN, JAEA, U. KEK
Tokyo, Kyoto U., Saga U., TIT, Kinki U., TUAT Sputtering carbon/metal

Kobe U.
Carbon loaded Epoxy
Kobe U., U. Tokyo

THGEM, Capillary plate,
Yamagata U., TMU, U.Tokyo, AIST

MicroMEGAS
Saga U., Kobe U., U. Tokyo
p-PIC (Micro Pixel Chamber) Applications
Kyoto U., Kobe U., ICRR, KEK, J-PARC Particle physics (Acc./ Non Acc.)
Kobe U. KEK, Kinki U. Saga U.
Material studies (Substrate (conventional, Neutron imaging
polyimide)) Kyoto U., KEK
LCP (Liquid crystal polymer) Nuclear physics
KEK, RIKEN, U.Tokyo, (SiEnergy co.) TIT, U.Tokyo., JAEA, Tsukuba U., RIKEN
Glass Astrophysics
U.Tokyo, Yamagata U. AIST Kyoto U., RIKEN
PTFE, Ceramic Gas Photomultiplier
Tokyo IRI, RIKEN Yamagata U, TMU, ICRR

X/gamma ray imaging
Kyoto U., KEK, AIST
Medical imaging
Kyoto U.
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» | will introduce mainly recent material studies
and applications of MPGD in JAPAN

» It is not all activities, and picked up by my
sense

» Also, studies those have been (will be)
presented in this conference are omitted.
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K. Miuchi, Kobe U.
Recent NEWAGE® : Low a p-PIC J eve‘opment

+ Largest background: alpha-rays from p-PIC surface (Cand C’ in
the figure )
+ Low alpha-emitting (<1/100) p-PIC, made
o first light confirmed
+ Replace the underground my-PIC: this summer.

TR

30 X 30cm?
low-a p-PIC (FY 2016)
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Recent NEWAGEQ): Negative-ion TPC (SFy)
+ Potential for absolute z measurement with “minority

peaks” (first realized by DRIFT group)
+ Sk, study for GEM+pPIC system (reported in MPGD2015)

+« Wide dynamic-range ASIC development
+ Tracking with MPGDs

Alpha Event Display

Wave Form

Minority carriers || Main peak

region : region 400pm/pich

rthode
SE¢.20Torr

Amplitude (mV)

coincidence pixel

-1000 —500 0 500
Time relative to trigger (us)

J.B.R. Battar et al. / Physics of the Dark Universe 9-10 (2015) 1-7
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Gaseous PMT with MPGD v 1

Yamagata U., HAMAMATSU, TMU
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- - F. Tokanai et al.,
ptical Imaging CP Gas Detector | "= 54 sy Tmo
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F. Tokanai et al.,
Yamagata U., HAMAMATSU, TMU

Gas Scintillation Imager for Neutron (n-GSl)

Neutron source:

Kyoto University Accelerator-driven
Neutron Source (KUANS)

thermal neutron flux: 450n/cm?/s

at detector

108 oo/ Li
electrode it n+10B—a+7Lj
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J. Parker et al., CROSS-Tokai

uPIC-based detector for
energy-resolved neutron imaging at J-PARC

100% . . uPIC-based Neutron Imaging
I esonance absorption
g 80% Detector (UNID)
% 60% /l/w.-/"" Neutron detection ”6“”0”?3%'%
E using 3He pro"
% 40% I Bragg-edge, J _ o
F 209 Magnetic imaging - Track length 5 mm in gas

0% o v v o kel
0.001 0.01 01 1 10 100 1000
Neutron Energy / eV
» Energy-dependent transmission
spectra with pulsed neutron beam  pcp UPIC (400738

H;{”ther:entirgg measurement by time-of- " 3_q4imansional tracking of decay
9 pattern with energy via time-over-

Used to determine macroscopic threshold (TOT)
distribution of microscopic quantities
» Requires detector with good time
and spatial resolution, high count

0od background

o

9.0 cm

» Spatial resolution: < 0.2 mm
» Time resolution: 0.25 ps
» Count rate capacity: up to 8 Mcps

» Effective gamma sensitivity: < 10712
A.Ochi 5th MPGD Conference 2017/5/24 13



‘ J. Parker et al., CROSS-Tokai
Recent uNID development

Standard pNID

» Implementation of new data
encoders with GbE data transfer

» New gas mixture for improved
count rate and spatial resolution

— Increased rate capacity from 0.6
Mcps (100Mbps Ethernet) to 8
Mcps (GbE and new gas)

= Neutron

- radiograph of
~ Gd test pattern
showing better
~ than 0.2 mm
spatial
resolution

Neutron rate with GbE encoders
10

New uNID with boron converter
Al drift cathode (t=1mm)

~5m coating (t=1.2pum)

Count rate (Mcps)

uPIC

« Measure alpha instead of
proton-triton — reduced
event size for 3 times
increased rate capacity

| Recetlytete at |-PARC

2000 3000 4000
a (mMm?2)




J. Parker et al., CROSS-Tokai

Ongoing uNID development

New pPIC detection elements Firff MFMS .test_»at J“—PARC

» MEMS pPIC with 215um pitch " Neytron TOF
for two times better spatial - spectrum
resolution - m

» 3-axis YPIC for improved event =
separation at high rate &

) (=3

(1581 91dN SAN) 0L UoAnaN

Signal confirmed on 215um
section

 Poor gain stability observed
(dependent on neutron intensity)

First 3-axis test at J-PARC

« Signal observed on third axis
but signal strength was too low
to be used

T. Taniguchi et al., Kyota}-si mpcp conference 2017/5/24 15
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Y. Kishimoto, KEK

Concept and Design of PS-TEPC

Comparison of typical dose rate

Drift plane

In Space : 0.1 ~ 1 mSv/day (without in SPE)

On the ground : 2 ~ 3 mSv/year (from natural radiation)
2 In SPE (Solar Particle Emission) : >100 mSv/day

/ Shaping frames

Bleeder circuit

Contributions of radiations to dose in space

In Space vehicles: charged particle (80%), neutron (20%)"?

On lunar surface: charged particle (93%), neutron (7%)"2

*1: Measured (STS-89), *2:Calculated (Spa. Rad 2006 .
( ) (Sp ) Signal outputs

H [Sv] = Quality factor(LET) x Absorbed dose [Gy]
LET = Energy deposition / Path length

track length of radiation simultaneously.

B

Position Sensitive Tissue-Equivalent _
. |onaI Chamber(PS TEPC) as a small Detection V0|Ume3
' chamber using u-PIC 2.6%2.6x5.0cm

# We need to measure LET: deposit energy and

M-PIC circuit board
g J

KEK, JAXA Kobe Univ., Keio Univ., Kyoto Univ., NIRS A ochi 5th MPGD Conference 2017/5/24 17
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Y. Kishimoto, KEK

Demonstration of measurement principle

Energy deposition

40

Track image

Am-241 source

w

5
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LET
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| | | - 22
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nergy [MeV] 0

a —particles which stop | s
completely in detection
10

volume
Track length / 5
’ 00 0.5 1 1.5 2 25 3 LET?ﬁ: Vi j‘

LET can be obtained by
dividing energy by track
length

bt b b e b e
3 4 5 6 7 8
Track Length [cm]
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PS-TEPC installed in the Japanese Experiment Module(JEM)

.

i " % Do Nt Place ANy S
‘ A ==
—

Tests of operation in space environment (Oscillation, Discharge)
Demonstration of performance for cosmic rays (Dynamic range, Flux, (Flare response))
Measurement of dose rate actually (comparison with other dosimeters (PADLES, TEPC))
Duration of experiments :3 months (Full success criteria)

Y. Kishimoto, KEK
Experiments in the International Space Station

1 A
' & {
G

Detector
unit #2

PADLES
(passive dosimeter)

©2016 JAXA

I

2016/12/9 PS-TEPC was launched by HTV-6

2016/12/14 PS-TEPC was installed in JEM

Initial check and configuration were done

2016/12/28 Experiments were started

Detector
unit #1

% Two detector

Control unit

(DAQ)

LHEX

(Interface computer
for telemetry and
command system)

units are installed
for redundancy

Telemetry

>  Computer on the

N

Command ground (JAXA TSC)

been operated well witheyt; fatahipestde HBthaOW017/5/24 19
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T. Tanimori, Kyoto-u

ETCC with yu-PIC

» Kyoto university launched the venture ;
business: “Kyoto Space Gamma "  Gaseous N\~~~ {
for radiation vidualization system e |
(founded in 15t March 2017)

» Base technology is ETCC (Electron
Tracking Compton Camera) with u-PIC

gamma-ray

ARM

30cm-cubic Gaseous Time Projection Chamber
--- tracking of recoil electron ---
SPD ->a Point Spread Function(PSF) s
cintlator Array

E

Conventional method Electron Tracking method

— 300 — 300¢
. =

l.. Both y-ray

_, imaging and

, Spectroscopy
~are available
- Color image

"09&00 2000  -1000 0 1000 2000 3000

I

N0 -2000 -1000 O 1000 2000 3000
. x [mm] . . X [mm

Fine 3D-electron tracking gives

and well-dedfinedifs Eofftrerde” )2017/5/24 21



T. Tanimori, Kyoto-u

Contents of business of KSG

» Medical equipment

- Development and Pruduction of cancer diagnostic
system with combination of BNCT (Boron Neutron
Capture Therapy) and ETCC technique

- Low dose Gamma camera

» Radiation monitoring equipment
> Providing “Radiation Visualization Equipment”.

> Enviromental monitoring system for FUKUSHIMA nuclear
disaster

- Radiation monitoring system for decommissioning of
reactor

» Non-destructive inspection equipment
> With gamma-ray

A.Ochi 5th MPGD Conference 2017/5/24

22



T. Tanimori, Kyoto-u
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. . . . i i — Kyoto
Low dose medicine diagnosis - '2nmeri. Kyoto-u I P s
damma

Adminis_tratiiron dose ETCC well-defined PSF 2-3degree
calculation for PET - Using only 5mm radius of scattered gamma
NECR 5x104cps@10kBq/ml

(600MBgq/60kg) PET

[[Evec
Total trigger ~1.6x10%cps : \ i\
-+ Random  ~10¢cps O z) A\
s

Scattering ~3x10%ps

Tr‘ue(body) ~3x105cps . - -~ PET Image
Only 10% of dose are contributed i ﬁ

for image. Other 90% is noise.

>
Imaging quality is reduced to 10% Expem;ETCCImu
due to noise. Statistically, (Ran 0) ——

noiseless image is same as 60MB(q

dose

PET can diagnose 1cm of tumor

ETCC: for 1cm tumor - 100sec. diagnosis for 5a
El(')r 5mm_tumor than 10 Condition: 30% coverage, Efficieincy = 0.1%
_|agon05|s, more than Administration dose -20MBq

times dose are needed In future, efficiency will be improved to a few %

- a few Bq
A.Ochi 5th MPGD Conf; 2017/5/24 24
23-Mar-17 et >t on er(%:?lc(ifoto Séaé:e Gamma 2017 17
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MPGD annual workshop in JAPAN
(2004~)

» Many institutes started the MPGD studies in this
century

» December 2004, First MPGD workshop held in Kyoto
» The workshop held once every year now
> More than 70 participants have joined for each workshop.

LE aEg T e .1 Sa « YO
131 MPGD-workshop-JAPAN)-in-Kobe
(9-10 December, 2016)
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KEK Detector Technology Project
(2005~)

» Organizing detector development group across
the fields of studies
» 8 group progressing now
- MPGD, PPD, SCD, LiquidTPC, SOI, ASIC, FSCI, CO2cooling
» MPGD project is one of main projects in KEK DTP

- Member institutes:
- KEK, Tokyo U. of Science, Osaka City U., Saga U., U. Tokyo

- The fields of high energy, neutron, material science, medical
diagnostics are joined

A.Ochi 5th MPGD Conference 2017/5/24
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Summary

» High activities and variety of MPGD developments
In JAPAN
- Both application developments and basic detector
studies are very active.
- Especially, material studies are very active

» Several projects are going to practical application
- MPGD is launched to space for active dose meter

- New venture business is founded for gamma-ray
imaging

» We should bring our experiences to a successful
conclusion by sharing our knowledge,

experience and know-how Tﬁan&()fou

A.Ochi 5th MPGD Conference 2017/5/24
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