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Abstract

Maintenance, rehabilitation and replacement of aging civil infrastructures pose
worldwide pressing problems to human society. Artificial intelligent (Al) techniques have
been regarded as efficient methodology to exploit massive sensor data for accurate
inspection of structures. This presentation demonstrates our research results on tackling
structure inspection issues using Al technologies, including the topics of water pipe
leakage detection, computerized hammering echo analysis for concrete structure
inspection, and ultrasonic wave propagation video sequence analysis. Those systems can
be regarded as successful prototype of practical Al applications for SHM. Furthermore,
we believe that data-driven Al techniques can further contribute to a wide variety of
non-destructive evaluation applications, not limited to the examples discussed in this

study.

1. Introduction

Machine learning has been quietly working in the background for years, powering mobile search
engines and electronic commerce. But in recent years, it garnered plenty of interests due to its
significant progress in multiple tasks, such as automatic speech recognition and visual object
detection/classification. Fundamentally, the rapid rise in data and computing capabilities has made
this exponential progress possible. The thrive of machine learning application development leads to
a situation that wide variety of conventional fields start to “RETHINK” the way of working and
expecting to replace part of current labors by using autonomous/intelligent systems so as to save
the cost in operation. In the past couple of years, we drew special interests in the development of
smart non-destructive evaluation systems by using advanced machine learning techniques and we
report latest status in this report. At this well beginning, we first present a general scheme for

SR, 2T LT —LT— machine learning systems in Figure 1.
L85 All systems introduced in the

" following contests are complied with

£ Ry

VR l--' [+ this high-level systematic design.

Now, we introduce our practices in

M the intelligent non-destructive test
systems by topics.

Figure 1. General flow of applied machine learning system .



2-1. KIEE DIR/K % FE M B RN H AT TR [Detection of Water Leakage from Water
Pipes Using a Learning-type Sound Anomaly Analysis Technology]

It is a joint research between Nihon Water Solution Co. Ltd (NWS) and AIST, which aims at
developing a technology to narrow down the locations of suspected water leakage with
high-accuracy in advance, using a sound anomaly analysis technology which learns judgments of
skilled workers by machine learning. ' The background of this research is that a large amount of the
water pipes will be soon reaching its statutory usage life (40 years) and should be carefully
examined. Currently, water leakage detection relies heavily on the skilled workers, which are quite
limited in Japan. To deal with such practical challenge, we proposed smart system for leakage
detection. As follows, we present a chart (Figure 2) to illustrate how the proposed smart system

facilitates current pipe condition inspection tasks.

it

Figure 2. Working flow of water leakage detection with Al-based leakage detection system.

Moreover, we present an algorithmic chart flow of the proposed system in Figure 3.From
technical aspects, the proposed system had been established with two major features: 1. by
providing the computer with case records of judgment made by skilled workers, the algorithm can
automatically learn the optimum rules to detect leakage sound. The second feature is that we
devised a set of efficient feature representations which are very sensitive for presence of water
leakage and robust to environmental noise. As a result, proposed method reduced false alarm by
four fifth, compared with previous devices, enabling a significant working load reduction for

skilled workers.

Svstem components

Part or: Senvor Part & Leakage detection Pard o Sasteom apiomization for
evaluan o algoriihm developmeni larpe real dota callections

S i
Coene T o

Figure 3. Chart flow of water leakage detection with Al-based signal analysis system.




2-2. FEOMATE MM B0 O WF 5 B % [Development of an analysis technology for
hammering-echo based on machine-learning techniques]

Hammering inspection, as one most applied non-destructive test (NDT), had been extensively
applied in plenty of infrastructure inspection tasks. However, there is one major drawback in
current hammering inspection, which is it relies on subjective individual judgment in interpreting
test results. In this research, we develop data-driven echo pattern analysis system with
well-established objective for hammering investigation.> The system incorporates three key
components: 1. Hammer positioning unit, which exactly captures the location of each hammering.
2. Hammering echo signal pattern investigation for anomaly degree computation. For each
hammering echo, we will assign an anomaly degree indicating the defects through outlier pattern
finding algorithm. 3. Noise robust matching between echo sound and location information sheet for
report generation. We synchronize the two-way information so as to produce the anomaly degree
map on the target inspection object. In Figure 4, we show the working image of the proposed
system, and a condition map can be immediately obtained after hammering inspection. The system
enables high inspection accuracy and fast onsite report generation as well. This system is under

modification and we hope it can be simply used for various types of concrete structures.

Al FERNE R o BT

T =IITRINE®
FF 29 Ll

s ISR, LA 2T
TEC BN

AT =a T ER N
Figure 4. Demonstration of the developed Al hammering inspection/visualization system.

After introduction the general idea and scheme, we get into details in the composition of the
proposed hammering echo analysis system for concrete condition assessment. To summarize the

key components, we present a diagram in Figure 5. Also, we present a brief introduction to each

part.
1. Data & label 2. Echo extraction and 3. Echo feature | 4. Condition assessment by
coliection preprocessing » engineering echo pattern classification
- Data cleansing * Noise robust echo * Normalization * From linear to non-linear
- Miss feature issue detection « Efficient feature - Enabling incremental
» Band pass filtering development learning

Figure 5. The diagram of proposed hammering echo analysis system with key components.



At data/label collection stage, the onsite experts capture hammering echo data with manual labels.
Those data is schemed to train the echo signal pattern analysis model. However, it is inevitable that
human/device error can enter. We developed data filtering scheme to screen out those data errors.
Subsequently, we investigate the captured audio data to segment all echo sounds. It is obvious that
field working sites can be noisy and varying, to deal with the dynamic environmental sound, we
proposed efficient echo signal detection algorithm with high accuracy and efficiency. Also, band
pass filer is employed to remove the strong low frequency noises. After obtaining a batch of echo
spectrum vectors, we further performed feature engineering, aiming at reducing the data dimension
and retaining discriminant information in both OK/NG echoes as well.* This step involves much
statistical and physical knowledges, because it is the deterministic stage for achieving good pattern
classification/machine learning systems. Finally, we deliver the well-designed features to classifiers,
which in charge of discerning the echo reflecting normal or defective patterns. We begin with
simple and fast linear classification algorithms, such as linear discriminant analysis (LDA) and
logistic regression (LR). Then, we further evaluate non-linear schemes, including support vector

machines (SVM). The performance can be improved together with incremental data collection size.

Mcsin| Crasa Pgezmwior
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Figure 6. System design of hammering echo analysis system for concrete condition inspection.

Particularly, the proposed system has been equipped with an incremental learning algorithm that
can continuously improve its performance as new data/label come into. In general, supervised
machine learning algorithms can produce satisfying results for classification tasks. However, in real
scenarios, i.e. hammering echo sound pattern classification we are encountering, it is impossible to

collect all echo data with labels at once. An efficient mechanism is one must-have function in



practical pattern classification system design. To demonstrate this idea, we present an illustration in
Figure 6. The basic idea is that the echo data/labels can be collected at multiple sites and those data
should be independent between each other. To elaborate our echo pattern classification system, we
would like to take full advantages of those new-coming data. The model updating should be in
parallel at multi sites and also, from ultimate objective viewpoint, every iteration of update should

minimalize the echo pattern prediction error function. It is the design principal of our system.

2-3. KM B ERERRT LAY XL EALIIA AT SE AR IR E R AT bR A

Al technologies demonstrated enormous potentials for real world visual information processing.
We participated a project to devise computer vision/image processing techniques to develop
efficient computerized ultrasonic wave propagation image analysis system for non-destructive
testing (NDT) of plate structures. The system consists of three core components: 1.
Background/foreground information decomposition. 2. Three-way information extraction from
time-/x-/y- coordinates. It is noteworthy that the time information is quite important, especially by
combining the temporal information with spatial (x-/y-) propagation. Such three-way data exploits
rich information in the ultrasonic wave propagation image sequences and can greatly facilitate the
video content analysis. 3. Supervised machine learning algorithms, i.e. support vector machines, for
defect pattern detection. Since this project is still undergoing, we present some intermediate results

as follows.

Figure 7. Demo of fore-/background decomposition of ultrasonic wave propagation images.

From the above chart (Figure 7), we can see the wave propagation images had been decomposed
into two components: background low frequency dynamics (middle image) and foreground high
frequency textures (right image). In our next step, we will focus on the patterns in high frequency

region for defect detection. We will update the results soon.

VU AR, KEE O E PR R EMATEAN TR |, 2014 45 6 A 25 A FEEBINREG
WFEPT HP. (http://www.aist.go.jp/aist_j/press_release/pr2014/pr20140625/pr20140625.html) .

PV AR, NLHAEE AW ERE CRBRIBN A LT 2 v A7 2 &R, 201746
H 1 HPEZEBAN# S WFFEET HP.
(www.aist.go.jp/aist_j/press_release/pr2017/pr20170601/pr20170601.html) .

3 Jiaxing. Ye; T. Kobayashi; X. Wang; H. Tsuda; M. Masahiro, "Audio Data Mining for
Anthropogenic Disaster Identification: An Automatic Taxonomy Approach," in IEEE Transactions
on Emerging Topics in Computing, n0.99, (2017).
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Maintenance, rehabilitation and replacement of aging civil infrastructures pose worldwide pressing
problems to human society. Artificial intelligent (Al) techniques have been regarded as efficient
methodology to exploit massive sensor data for accurate inspection of structures. This
presentation demonstrates our research results on tackling structure inspection issues using Al
technologies, including the topics of water pipe leakage detection, computerized hammering echo
analysis for concrete structure inspection, and ultrasonic wave propagation video sequence
analysis. Those systems can be regarded as successful prototype of practical Al applications for
SHM. Furthermore, we believe that data-driven Al techniques can further contribute to a wide
variety of non-destructive evaluation applications.
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Abstract

We have measured positron lifetime of SUS316L stainless steel which had been
mechanically fatigued via a low cycle constant-strain fatigue test. Fatigue tests were
performed at room temperature (26 °C) and high temperature (550 °C). An overall
increase of positron average lifetime for cycle fatigued SUS316L at both 26 °C and 550
°C is observed with increasing fatigue cycle number, due to the generation of defects. The
positron lifetime reaches saturation at 50 % of the fracture cycle number. The average
positron lifetimes of 550 °C fatigued samples are smaller than those of the samples
fatigued at 26 °C, indicating some defects are diffused out by annealing during the fatigue

test.

1. Introduction

Fatigue of structural materials such as stainless steels is a major engineering problem and a lot of
research effort has been directed to the development of methods to characterize the fatigue process
-2 'We have used positron annihilation lifetime spectroscopy (PALS) to characterize the defect
evolution in SUS316L stainless steel as the material is progressively fatigued in a strain controlled
fatigue test.

Positron annihilation techniques have been well developed for the studies of microstructural
defects in condensed matter. When positrons are implanted into matter, they annihilate with
electrons and emit gamma rays. The annihilation of positron with electron provides abundant
information on the physical and chemical environment at the annihilation site. Defects such as

vacancies and dislocations can be investigated using positron annihilation radiation.

2. Experiment

2.1 Fatigue sample preparation
The material used in this study was commercial SUS316L stainless steel. The samples were
subjected to a low cycle fatigue test by using a servo hydraulic universal testing machine
(MTS810). The strain amplitude was +0.2 %. Both room temperature (26 °C) and high temperature
(550 °C) fatigue tests were done. The fatigue cycle number (N) and fractured cycle number (N¢) for
SUS316L are listed in Table 1.
After the fatigue test, the central part of the fatigue specimen was cut by electrical discharge

machining, and subsequently polished by mechanical and electro polishing. A total thickness of
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about 300 pm was removed from the surface. The obtained samples have dimensions of about

10x7x1.5 mm. The sample preparation procedure is shown in Figure 1.

Table 1. Cycle number (N) and fractured cycle number (Ny) in the fatigue test

N/Ny 0.1 % 0.5% 1% 10 % 50 % 100 %
26 °C 247 1235 2471 24712 123558 247115
550 °C - - 1078 10781 53905 107810

ey
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Figure 1. Sample preparation

2.2 PALS measurement

The positron measurements were carried out at room temperature. A schematic view for the
PALS setup is shown in Figure 2. The **Na source (0.7 MBq) sealed with 7 pm thick Kapton was
sandwiched between two identical samples. The radioisotope **Na decays by emitting a positron
and a gamma ray which processes an energy of ~1.28 MeV. The 1.28 MeV gamma ray is detected
and set as the start signal and 0.511 MeV gamma rays could be observed when a positron
annihilates with an electron by 2-y annihilation; such 0.511 MeV gamma rays are used as the stop
signal. The time between the start signal and the stop signal corresponds to the lifetime of positron.
A total of ~3M counts was recorded for each PALS spectrum. Some typical PALS spectra for the as
received and fractured samples are shown in Figure 3.The time resolution function of the PALS
set-up is about 200 ps (FWHM). All the data was analyzed using the PALSfit program typically
using two lifetime components, which are then mathematically weighted to give the average

positron lifetime.
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Figure 2. Schematic view of PALS setup Figure 3. Typical PALS spectra

3. Results and discussion

Figure 4 shows the relationship between average positron lifetime z4. and fatigue cycle number
N. The overall tendency is that the t4. increase with N for both room temperature and high
temperature fatigue tests, indicating more defects are introduced into the material with increasing
fatigue cycles. The result is consistent with previous studies **. The average positron lifetimes tend
to saturate when the fatigue cycle exceeds 50 % of the fracture cycle number.
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Figure 4. The relationship between average positron lifetime and fatigue cycle number

Nevertheless, comparison of the data between the room temperature fatigued samples and high
temperature fatigued samples reveals that the average positron lifetimes of the high temperature
fatigued samples are shorter than those in the room temperature fatigued samples. And an obvious
increase of 74, was observed at N = ~250 (0.1 % of cycles to fracture cycle number) for 26 °C
fatigued sample, while 74 (~0.110 ns) for 550 °C fatigued sample with N = 10781 (1 % of cycles

to fracture cycle number) is slightly shorter than that of the as received sample (4. is ~0.118 ns).
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This suggests that some defects remain in the as received sample and are annealed out at high
temperature. Thus it is considered that the shorter positron lifetimes of high temperature fatigued

samples may be due to annealing of defects at 550 °C.

4. Summary

Overall, 74, increases with increasing the fatigue cycle number. The relatively longer 4. of 26 °C
fatigued samples indicates more defects are accumulated during the 26 °C fatigue test; some
defects appear to be mobile and diffused out at 550 °C. An increase of z4. was observed at N =
~250 cycles (0.1 % of cycles to fracture cycle number) for 26 °C fatigued samples, while the 74
for 550 °C fatigued samples with 10781 cycles is slightly shorter than that of the as received
sample. Defects remain in the as received sample. This study shows that microstructural evolution

of defects during fatigue could be well studied by PALS technique.

Acknowledgement

This work was supported by Cross-Ministerial Strategic Innovation Promotion Program Unit
D66 innovative Measurement and Analysis for Structural Materials (SIP-IMASM) operated by the
Cabinet Office of Japan. The authors would also like to acknowledge Dr. K. Ito (AIST) for support
with the positron measurements, Dr. K. Sakaki (AIST) and Dr. Y. Kobayashi (AIST) for useful

discussion.

' U. Holzwarth et al. Phys. Rev. B 69, 094110 (2004).

2 E. Dryzek, M. Sarnek. Acta. Phys. Pol. A 125, 710 (2014) .

3 K. Sakaki, T. Kawase, M. Hirato, M. Mizuno, H. Araki, Y. Shirai, M. Nagumo, Scripta Materialia,
55, 1031(20006) .

*Y. Uematsu, T. Kakiuchi, K. Hattori, N. Uesugi, F. Nakao, Fatigue Frac Engne Mater Struct, 40,
1143(2017) .

— 105 —



SHTEH AR AR AR

Research Institute for Measurements and Analytical Instrumentation

ATULADIEE

1

EF D IIZKDES
1515 51

OWenfeng Mao!, Brian O’Rourke!, Nagayasu Oshima!, Yoshihisa Harada2, Takashi Nagoshi>
'AIST National Metrology Institute of Japan, 2AIST Advanced Materials Research Institute

1. Research background

In recent years a lot of research has been devoted to enhancing the mechanical properties of
structural materials and understanding the fundamental mechanisms of the fatigue induced material
failure process. In our research, positron annihilation lifetime spectroscopy (PALS) was used to
characterize the defect evolution in SUS316L stainless steel during fatigue.

2. Experiment

3. Results and discussion
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Fig. 2 PALS measurement

26°C fatigued sample, while the 7, for 550°C
fatigued sample with 10781 cycles is slightly
shorter than that of the as received sample.

* Defects remain in the as received sample.

* Microstructural evolution could be well studied
by PALS technique.
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BRI SN D RERLT- O, BALRFRYS 720 O BEORER TR ST 5,
PR RIZLL TORX DIZ X VRO B D L plIfrEhl i, RIFEHEEE, X
RIEFEH, b IR Z B2 TR HEOFEETH B,

b 1)
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2.2 KEfE2n H A7 00—~ /VTFUA ¥ HFIFHEE O

RKE X 10em X 15 cm ORI O i8R 7R ORIE S 5 7= 012, ARUEFEDS 27 X 32
X 2 ecm ORAEFE2 n H A7 a—~ VT U A YIFIFHEZRUE L, 2 OpIFHE
F VB ONICERIWSVAEGTET 2720, MEER, V707 707 TAvA7
— R 2R —F VTN TF X RANT I TAY B FEICK YRR EMEAT
(% 1), FEH R, 7T 90 %, A X2 10 %D @R P-10 & FEEN HIRA T A %
L7z, [RIEIZKRGET, VX2 b —FZEKR=— KL T LD EEFE LT,

Multi-wire

Amplifier

A 4

. —»| Pre-amplifier
proportional counter

t t v v

Gas supply High voltage Single-channel Delay
system Power supply analyzer Amplifier

v v

Gate and delay

Multi-channel

A 4

generator Analyzer
Counter and > Personal
Timer Computer

K1, KEME2a VA 70—~ LF UL YHEEESED 7T e v 7K 2

2.3 KEME 2 WA 70—~ /v TF U A Y BIFHEE QR AN S

KRiifg 2 n WA 70—~V F U A YEHBIFHE OFREE LT, o E BT 2B Th
ZMAMBLOBHEHHTA2ETH D ClOT T F—ilhi#izX 2 1Zrd, 77 h—¢&
X, AUNEBEEZZ(LIETHFHEENZIE L LN & THY . ZOFEEN Ty IAT I
X, REMICFHEE 2 ox1d?
ETEHEEZLND, 8
212K MAm DA,
FIINEE % 800 V FEFEIC

6

Counts

TLOREELNEEZ 2 (A)**'Am
Ejﬂ,\ 36C1 @%/ﬁ\\ EWJH%E 0 260 460 660 8(‘)0 1(;00 1260 14‘00
JE% 2300 V BRI T 50 Voltage /v
NEFLWEEZHNS, 10x10°

MAmM B LT CHIHT 5 ¥

faf FERL T A HH 2R D AN fife >
S, ERER, 1S %
(k=2). 1.6 % (k=2) & 7T = ‘

1400 1600 1800 2000
j/l/ 7L: (2% 1 ) Voltage / V

Counts

L L
2200 2400

2. Am (A)B L CI B)YD 7T b —ihifR
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# 1. MERFBRHRORHENE AT =y FE
Am-241 Cl1-36

Counting 0.03 0.05
Plateau 0.52 0.70
Threshold 0.35 0.26
Background <0.01 <0.01
Dead time 0.02 0.02
Time base 0.02 0.02
Instrumental correction 0.36 0.17
Combined uncertainty 0.73 0.77
Expanded uncertainty (k=2) 1.5 1.6

3. FIREEC & 2 %) —1 o @ kR o #UE
3.1 mAIEORES L
AR & BUET 5 ik & LT, MBS U RRIR 21 T3 2 515, BUR MR IR % Fabf
\CBAAT DL, BETHHIE, =y Ty MIMEIELHIE, A 4 U ZHEICE S
HLHERD D,

TR G PRI 2 T2 7%, 8 F L2 R sk o &2 JET 5 2 L A AlRET
HHN, B—HEPMOTTEE R TEHS TERNE W FFENH D, TG ERIR & 412
BAT D HETIE, WRICEE 2R ONEENTREY, BMICELBL Z Licky, ¥
—MEEm < TE 5P, BLEIIIRE & TR DD, EETDHHIETIE, FHECLEY.,
WIZEWE— a2 b O A IEST 2 2 LN TE D, Ty F By MIMHE S D HER,
EFERICEVER SN NEREATHDLIT vy T E Y M, BHMERREESE, £
NEEBETH U2 HETH D, H—EnEm<, BE LIS < LFPIETIE S & 28R %
ETEX D, A4 R AE S D HIEIE A MO BRI 2 A A v 2T
WHESEDLHETHD, BWBE—ERNELNDEHTIETHD,

3.2 HIREIEC X 2 iR o Rk

ARFFECRARE Lz, FIRIEIEIC X 2 i
BORUWELZ, A v 27 P2y b TV ZDA
VI IR 2R E L FERIC R
52X EBRIRERIEST S HIETH
% 7, HRRROBYRIC S T2 | v A2 —~
A FROTHERNA 272y N 7Y
>4 MMP9OORT % H\ 7=, “Co % b &
Hiil4 2720, 1 KA 27— ) v
\Z ®Co AX (6 MBq/g) &=, vV U a M
WTO0SmlEALZZ, HEALTA 7054 3. A7 Ve Y I L HRREELE
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Y7 EYIIRE D LI CCo IR EEAN LTS
— M) VI SIREREBE L A Y2y N
U v ZIZ KD RRIRFIRI ORE % B 3 1R, #lii
TI (JES 0.1 mm) (ZHIRIL 72, EIRIA > 27
MEBET D LI T VIR, R LERFNIZ X
DINL Uz, R L7=RR A X 4 1ITRd, £7220
BIRAEA A= 7 L— M X0 BIE L, fHERL
THHBOE M EMER LT, A A=V T T L —
MZEDHERERERK 5 ITRT, ABRIFEIT,
JISZ4334% |THHE STV B —ME£10 %22V T,
e ENE R AMD TRV —ME b o 72 ff
HCThHDHZ ENMRTE T, o, BRI THHE X4 HRIC X0 8 ES IR
13400 s'BRETH Y | — AR REVEIE =X 21

1ET 2 DI Y72 B #BUHER G T,

X 5. TEGRRIR O Bk i R D 5 AR

4. F&0

RE AR 2 R OB R B 2 R L IRIETE 2 X015, 2a W
27— NVTFUA VHOEEE ZHEST D L & b2, H—MEOomOEIRRREZ fUEL
oo A%, ZNHERAWT jess IIEPTHOND TETH D,

'ISO 8769, Organization for International Standard ~ (2016).
2Yasushi SATO et. al, RADIOISOTOPES, 61, 3, 117-120 (2012).
3 Yasushi SATO et. al, Applied Radiation and Isotopes, 60, 543-546 (2004) .

“Takahiro YAMADA et.al, Applied Radiation and Isotopes, 70, 1964-1968 (2012).
SMasahiro OHSHIRO et.al, Applied Radiation and Isotopes, 109, 397-401 (2016) .
6J1SZ4334, HAT MM (2005).
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SR AR EER ZT AR

A TE B R REREEDNRMIRIEZ
H B EL =M GTREfR 2 H 3

Off kR, MR METRERMEFIRERE JIL—T

EEBHMNLEMEMASEZEEREE VA2 —TIX10 cmx 10 cmOEHRFEZ B LY
TEEFHKB LTV, BFAERRUKRSHRHEREERN L., EREED
KREWH—ARA A—FZFHEMITKRIET 5. 10 cmx 15 cmDEFRIR TDIE
HEBEHBEBRIRDON TV =,

| counter % Pre-amplife HA‘“P“““ —

| | l

Gas supply High voltage Single-channel

KEE2r AR7B—AXTILFIA Vv o St B ot Delsy
BIETEE L. ST R &% %®¢(~/)|LL — lddl 1
A LEMES BSR4 LD LBIF ik oor i
THY. EREZEEDDICE ﬁurm QQMF_M@
EXITI. §E., KEZ10 cmx 15 cmd Tim Comp

HIFEOREMEEDRET 51=-5HIZ. \
HRKIEN2] x 32 x 2 cmOKEE2xr B1 XKERB2rARXR708—AKTIL

AR7O—KTILF VA VHBIFTHEZE FIOANXLEHEHED IOV IK
MEL L=,

10x10°

AIREMET 2RETH S AnEPRZE §

DR o »
T T T

ﬁ& & j'- 6 *Z$E —G & é 36C | 0) 70 5 I\ _ H ﬁi % (; 260 460 6(‘]0 86(' l(i‘[]O 12‘00 |4:;Am
B2I2RY, 5 h—&I(E, MMEEZE

TS ETHAHENZFIFEIELAZND
ETHY. TNHBRFPEVLDT, REMH
[CEHMEFRETESHEEAOND, K ©
ET5=Ths. EHFROREHFRH

DR o »
T T T T

36C]

RZDVWTOFEN S (X, X AnTIEL, T e e e
1.5%(4=2) . 36CITIX1.6%(4=2) TH> 1=, |
K2 XE#E2rxAHAR78—K<ILF
JA B ED TS b—ehig

ARKEB2AAHAR720—KTILFIA VEHIFTHEZRALTIO cm x15 cm®D
HIFRIZK D jcssSRREFITOFETH 5,

URL:http://unit.aist.go.jp/rima/

BWEHS™ 40 ERRH

Integration for Innovatios
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FEVREDOEAEICRIT -2 EBLEHIEHE DR
BETREPEFIRERARSL—T W)l BR WK & &EH R B85 N8

HE

KREAPIAFET 2 BRI MEERED T K (PRn) &2 O T HREEFRIC X 5 M~
D o BEIE IR ADIFIRIZ 725 L E 2 biv, BHBREOBLRNG, T R
REBym |z EHRT 2BE DD, 7 FERDEHIEMR D2 DITHIE R D
KIEIIARAIRTH Y, #HIMNE DG EAREREICIWT T FREDEFIEREIC L
DIEREMAE I TON TS, —F ., BARTIZEFIEAEIC X DR EAE 0 FEi S
VEZFEHEDSLD BT NEL I N TE 70, btae AR 2L 7 v — 7 Tl
2020 FOREERIEFMGZ HIE L. 7 FUREDEFFEEON S EF 217> T,
Al ERL U 7= 8 b 1520 (Multi-electrode proportional counter; MEPC) @
KRR 21T > 72

1. X
7 Ry (PRn) FRKHFICHEET 2 HARHSRO AW E CTh 5, BEMEILT VU L

(***Ra) TH Y. ML *8Po, 2MPo. *Pb, *“Bi. 2'°Pb, *''Bi, KON *Po 3 d% 5,
TRREZFRILLER P ICEH E TETHRMETH D, 7 N CREIEIK 3.8 A) DM
TR (CPo CEIK 3 47) . 2MPo CEIBIHIAY 164 ps)) (IMHICIEAE L. o eI <
2T, M~ a BIE S EMBADIRIKIZ /2% EF 2 B, T RURE[Bg/m’ WL
ZEALUMA~D o BRI BB 28 E 3 H 5, WHO 72 & D EEREBI O #1252 17,
AARTHEMOBANIZAT TRV AR RSN T WD, 7 RUORBAERIITMERE 2 ED
HARA 7 )= IRHIT b, AEMRZEMTEREIZRYDLTWENS, Bfloxt5
ELTIE PRV LHEEOH N OEEBRIGCAMEREOTEM R > THRENEZDL
ns,

7 R URESAE OE MR O T2 DIZHER OB IEIZIA TR TH Y | HHIAEAIHT
WDERIN 72 &% i, EAMEIOFHEARMEREIIC W T T N U R E O EFEEREIC L H iR
e T TWb, —F., HARTIIEZFEEIC X 2 EERE O EENES | EFEED
B EFREEINTE T,

NMI SO REH M FARERIE 7 v — 7" Cld, 7 RUREDOEFIEEDN D EiF 2175 T
WD, L ZRDAERE LT, 7 FREOMIHIEN fJREZR [ 2 B F 51 0E

(Multi-electrode proportional counter; MEPC'| Z {E#4 L 7=, MEPC CaHGh 2 & i E H>
HEME LIHIEZIT O I8H o0 . T R & 2 OmpE 7R O i Sz a #123
AHEERICE D TT N T RICHBH STV D 2 L 2N D0 ERH 5, MEPC 13,
o BRIC X D EREE 1 O AHETENE) 12725 L O BEEIC TRAEINTEY . 4FIX
T DOEMOBRZ il L7z,
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2. BA%E L7 AR HEZR DO 2L

[ 112 MEPC OB E 4 7~x3, MEPC [IIE45r SUS304, 7 7 > P4y PEEK #fiEH DM

BMETHD, NETem, £ 32em THD, 770 POROLNLHBOEFHEINEA v
XDEV 7T UROBIBRRNELINL TS, 7T VUESICIEITAL by b, T ML
v hOfh, IR 5 Y RO EBMDERE STV DH, MEPC (7 Rr& %+ U7 A (PR
HA) DIREGH A% MEPC WEIZE A L, a B ULV ZHEZITUV, o BROWFE A7 k
NERGD Z L BARER B EE TH B,

MEPC Tt EN FIRECTh 2 ML, FHEIRAZNEFRHENOHET L2 LN TED
=HTH D, 7%/%MHCWL%ALT+ YRERIARGE T D &, T R & 5
R ("Po. *"Po) IIBURFHEHICEL, 3 BHEOREIIETELVWEBZXD2ENTE D,
7 RUATRIET— 2D T2 6 i S vz o BRI 2T I IE > TRIBFTEETH 5 DIzxt L,
2Mpg, 2Mpo [ZIEICHE LT-&JB A 4 T MEPC NEEIZAFE T A2, PHMANCI > Tk
H &7z a MOARINFTEETH 5, fE > THEMIZIZT K OB %er,_z0, = 1. ?*Po,
28po DR HNRIZZ I E N epy_218 = €poz1a ® 0.5 B ZDH LN TE B,

JFEEAYIZIE 22Rn, 2'®Po, 2"Po DN OBRFNL 2 £ 720 ZOWHiHIT 0.5 TH D0, ik
ITHFZEIC L B & EBEOWE TCOMIEELZZE T H LTI 2 L—a ORI X Y R
BhER DML 0.524 T, T OIEHERKEN XL 0.005 THHoTZEIBRENTND 2

MMC@%@@D@%ﬁME%T%’Tékb éf@aﬁﬁ“b<@ﬁéhéi5@
TRZH LTS, BEOLFIFEE X, 77 o PBETERNEL, T Oy TER
SN T EREE %&¢MH FCAR SN BEEE T Tl AT DOE S WA 5, MEPC
T, 77 VEEOELOERZMIE L, ﬁ%$%®ﬁxﬁﬁ%ﬁﬁﬁmmu% g
T—RRICTDHZ LA BME L, MEPC DD 7 7 v P ITIEH L2 S 0.5 cm 2 6 A
DRIk OEm (V> 7B % %Lto%ﬂ%h®)/7ﬁﬁ TR SR
2 B 2~ & O FEBEIC A L2 EE A2 FIIn9 5,

V(r) = uxn/b) (1)

In(a/b)

V. U ZEMmOHIINEE[V]
U: it DEE[V]

a: BotifR 0O H-4E [m]

b: FHEAE O [m]

o BEARER > B O R [m]

3. FEBITIE

ENZBFFEBRFIE N R R RN IEOH 8 U R E SRS R D T K 325
HUZ T, MEPC @V > ZEMDNE & LT ESAIT ED KL 9 7R BIELIN D D)% FiGik
L7z, WIERZK 21277 F, 6 MBq D *Ra 2RSS 7287 I v/ A% T RURARE
LTHWE, 7 RUBAEENSRELET Rt 7 RURAERDO AR 2 @i 5
PR HAIZL Y FIfICEESND X 927> TWnb, MEPC WIZH A MR ADD %72
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D7 4 F— (L2 03 um) ZHV. SOOI EBREE AT DL U B AL A
L 72, MEPC DGAHERIZIX 1200 V., U > ZEMIZIZZENZNA() TR L5 EE AN
L7,

4. EERER & B

X 312k L7ZL 912, MEPCIZ L »TT Ro & 7/ (®Po, **Po) DZh
ZND o =RV F—IKHE LT — 7 25T a OB @ AT MVERGT 52 LR T
. TORKBETHENATRETH L FENMFFTE 5, M3 IZIXY 7 EMEAMLESE
EFML72WGEEDZENZENTHELNTE AR ML R LTS, U 7 EMmaEnL 72
WSS, BE— 7 OFT X T — NS T — A NBNT, A%IE5] kS MEPC OREM:FEAM 2
TV, 2D OFHlifE RIS EE-S & . MEPC ORI % HUE LR IR g 70 I E S 2 a9
Do

5. BEHEHLRG £ ToME

7 RUREEIL 2020 FITHEMIR 2 BT 2 TE CTH D, FEHEALGAREL T, RIEMKH
FHINEFHIAALTHIE RS MEPC TRIES AV AT L% TEL CWD, BIEKIEE [T IESE
EFOM, PEIEEDOA—HIREEEELTND,

BI/E MEPC ORFPEREA & RIRFIC | AR EALE BRAR IS AT 7o BEE SV A T D DG 24T - T
%o BEIEY AT LIS 2 X 4 12783, MEPC (X PR W A& %% U 7 A L L CTHEIT 58,
BEIERISR & 72 DWEEEE TR CTHRE T2 O < | HEE MEPC TRIET 5 H N TE 7
VW, £ Z T PR HAELELXOM T CBET HHERE PN EsE LTED PR R LEXRD
EERFEOEWZMHIE L. MEPC TIEAHIT 2T RUTHM SR EZRIE L, RIEXIS L 72
2 HELEE O EIIMNERIC L > THT ) MERH D, 5%z tmd, WIEEZITH T
¥ UN—DBFE IR EEITV, RIEV AT AEWES S,

6. &

NMU 5t A8 M TS HEF 98 77 0 — ¢k, T 2@ b il 5 20%  (Multi-electrode
proportional counter; MEPC] Z1E¥gr & L, 7 NUREDOEZFEED NS LI 217> T
%o AATIZINETT FUREOEHFIEREIZ L HIREEMGOFTENES . 7 NURED
B OB IR TE~ ORI B S D, SRIOFERNE, MEPC TT R &
B R D o BRI AT MV EZTAGTE D 2 LRSI+ 72k CHlE
DHEETH D2 FENWFRFTE 5, A%IL T O OFHliAEFIZ IS E MEPC OFEMEZ 42 LR
B il 7o I E SR 2 MG 5 L IR, RIEV AT L OHBEEZIT I,
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X 1.

ol
R

)
B

[X] 2. MEPC DOFRpHEFEAm 2 72 HE

=l ﬂﬁ ﬁb%i]

L b IS (Multi-electrode proportional counter; MEPC) 418

FyE
U g d

D

EQLiE

AT
v

- "r?ﬁﬁ %llEn&f!hlﬂvu :

T
e ox
—
=

4 3.

MEPC @ V) > 7 &M ZHIIN L7256

=E.r ' rl-l =
! {}l -.*'. - ;—J” ;’A
S B B f i

CHMUZ2NEAD a i A7 R LOEN
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X 4. IES AT AOREE

Ui HBR VEEF AR . M. Janik, AR, ZEIRIA ., [ ZEBLGIGHEE IC LA TR AREORIEDIX
HOZTEROMRE REW IR F2E 50 R RS, B4-6 AL IR—/LR53(2017).
21. Busch, H. Greupner, and U. Keyser, NIM A. 481, 330-338 (2002).
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SR AR ZE AR

Research Institute for Measurements and Analytical Instrumentation

SEVREDRRAIEIZM =
% BB LEBIET 2B DB F

OM IR, MR, EER. BHERE MERPHEFREEARITIL—T

1. AROER

> K[UFICHFET HEAMHAEZRIED IS (2Rn) EZDEF BEAFRZE(CPo R U
214po) [ R B A~ D aff WIS I AN A DIRE B HEZEZ LN TLVS,

> BATHSFVREDERBEICIIBFLERBORENE BERFREDIL LITH
BESINTST=,

> IETRER M FREM RS IL—T TIE 2020 F DR EHRERIrT BEL. IRV METRE
REOERBFEDILEFEZRELTLS,

2. IR-HARDOAR

> RERELT, SEUMSRIRED oo
ERRIE AR S BB P
& (Multi-electrode proportional ‘
counter MEPC) Z/ERIL 1= (A1),

MEPCRESIZSRU A REHAL.
INILRABIEZEAT O TufR ANRI IV

[l AROMEHT

*’xIE*%EF’fIRIi:L H—

[0, L .  RERSFLFrLA— #IE ESRERE
o UfRDEHIMELZHAHENDMNE — -SRUHRE=#L
(:;6?_%(:3—61:&5\ E.I.&% i 1 7{?{#?&?Jﬁ§”§éi
I DEHEDEHEHES HE B1 RIEHKRESBBLAIEHRE (MEPC) SMER
WO BB EHBE LIz,
>»MEPCTHtxtRIESNTI=5R AR FingON 22Rn(5.49 MeV)
REMEX I ——DBIESRE
*ﬁIET%) ( 1) . G 214P0(7.687 MeV)
> 2T BABDINR DT (K12) E2 EGENIzafRRARIML (BIBHRIZ1200VEETLT)
Yo BIBEENMLEGLES
E—o0aIxrILEX—AlnT— 1 SR

ILHERND

YV BBENMYT HEEFD o
ReTTEEN AN DRSO
AN Y

4. 50 RE .
> BESATLORH(H3)  ©
> BIEER ORI
> RN EDFHE

'URL:http://unit.aist.go.jp/rima/

HAREIL AN o, FERRTH

Integration for Innovation
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FRIBE=ZARA I 7> FLEEED-ODHE
BATEEh M FIZEME S IL—T WA &

HE

RN ZRHIT 5 72 DIZE R L IZIA < EDIv T RN A RERI E L& 12
DUWNT, EL 27 FEIZ JIS Z 4343 ISHilE S vTc, a1, PERB CIZERNOH
WIRE =2 DL AR 227 il R 5 BRE B2 85 L <, SBREITFDR#E I
) 72 FRBR & e 1T TN D, BRI F CILTRRIR & M 28 O AL E BEAR M OSRIR D K
X ZCERTL2MEDO RN S Z3HME Lz, ABEIE, 77 ¥ hAOEWNZL DK
ERERDOIELS&EE2FMM Lz, 77 v b ARORERBIROHE - FBIRIE, 77
Y MLAEIZIE OIS TH D05, MIHERETHE 2 DA IEHBRIR O H.0 E T o FRREER
100 mm Z# 25 L VAR ZADBENNIE A/ S— L Feh 77 FAHE
D VAR AL WRMIR D RIABZ DG B LT,

1. FLOIZ

HRIZHY 1A E T B E BT & 5 RERIE < 23l 5 729012, £ OIS RE 2 HIE
T HEE L LT, NP RERIE S B (RAAEHIIZEE, In vivo counter) 2SN BTN S,
ARBEE 2D T IEC 61582 Ed.1 2004 “Radiation protection instrumentation - In vivo counters -
Classification, general requirements and test procedures for portable, transportable and installed
equipment” % XFIGSEIBRFRES & LC, Rk 27 4E12 JIS Z 4343 (RPN rE i 8 24 1 — vy Bk
R HIE SN, Thasld. PERIF CIXARN BRI EZEE O 5 HFRIRE =~
DL AR R e Gl R 2 5 BRIe B 2 i L . SRS O kic i 72l 2 kel <
W5, HiTEEE E CICHRIE & M 2R ONLE BILR K OWRIR 0O R & ST K9 % HIE O A
S &R L, BRI O R R AR E T OMBED 50 mm DGO, L AR ZAHBRIZED S
HIE DG AR EREN S 2 3.7 % L AL o712 |, RRIRE=2 D L AR 23 BRICE
W CHRRR L ONEERBAGR &I A CREBNRRKRE VORRBRICHND 77 FADRIRTH 5,
BURTIIRR A 27 7 P ABHAVWHLNTEY  MAEDEHBMELHEES LTV 7R, £ 2T,
BEAFAREREEO 7 7 P AZHWT L AR R BREER L, Z0IE6 5% 25
TLHZEELT

2. ABERONE

L AR AR Nal(Th > > F L— a Ui gR 2 AWz, — i 72 R IRE =2 L [H
FROBHRRE S AT JMZOWTEM L=, D&y b7 v 7 %K 11rT, B BRICHN
577 hAiE, K1 O EOFMERE T 7 2 b A LR SIVIALEICRE Lz, BIEM#R
JFIX, ZNZENO7 72 PAPRET 2R, L9F Bl BRATREDIKREE THREL
boERWE, 77y N AOIMNEEIK 21ZRT, 728, IAEA/ORINS 7 7 > b ADBGE
[T OB EE SN TV LD, REDIHRENEN ST, ZO5E, KEEXEZRND
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VAR AZREL, VAR ANRKRERDIGEETRER Lz, £7-. WEFESR O SHE
Bt~ 7 > b AOBAIT. MEITRESNAINBH P LAEESN TR0 T, ##
BEOBEIEZEZ TCLVARSAZRIE L, VXT/X#WﬁEﬁéméfﬁ%Lto

1. FIREE=42 L AR AR

(45 FATAKEING f‘ﬁ?“@ir’iﬁf g
Ez.@%%%:&vxﬁyxﬁ%ﬁ77/bA@%%

RROMRL LI27 7 v b AlE, WIRBERNSMIBW TR EDbhTnD, (1) &Y

2) IKERGSTHEDNL TS 77 FATH D, (3) IZTIAEA & ANSI DFRERICHESL
7 7 v h A TAKEO ANSI/HPS N13.44-2014 “Thyroid Phantom Used in Occupational
hmmm@”?ﬁiéﬂfwéd@MJ%6$K%Eommf%%éMK77VkAT%
IAEA/ORINS 7 7 & b A& LTEHNTEZ O FRIRE =% OKIEICE DTS, (5) 1
AR BA%E L 7 S HE 7 7 > B AT ICRU REPORT 48 “Phantoms and Computat1ona1
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Models in Therapy, Diagnosis and Protection”{ZF# STV 5, LT 7 F AZE D
LRBRGFM AR 1ITTRT,

£ 1. BEROT 7 b LD 5 REREIE

B R [em’] FIRA L DL 9 % 131 iR E
(1)  ORTEC 20 20mL HT AL T L

(2)  CANBERRA 20 20mL AR Y =F LA T L

(3)  ANSI/IAEA 30 30mL KUY TF LA T

(4) IAEA/ORINS 30 KUY 40 20mL 7 7 U VRIS 2 R
(5)  HHEEFE 16.7 T 20.4 VN2 “NIL RN SIZIN: X

(RN 16.7 ecm?, SR B P 20.4 cm?)

EE (1) ~ (5) 77 FAICZDONWT, ERPPREEREL 725> TODIRETIT R, EEE
Btk L LCiE, BRI 2B EMIZ BrY & L TR Ao F R ZET b LTz,
ICRP Pub.110 “Adult Reference Computational Phantoms” 3% %, & % E7T /ML L TW\5HD
THURIRZZTIZE B T2 L IRIROBEESHC > T H 2, BT 7 0 M ADREM &5 %
TW5,

3. REBROMER

FERORBIEEL T, HEO T 7 FAICHTAFRBE=FZ DL AR AR ER L
72 %7 7Y PATOL AR A (R) 1E, £ 9F 131D D 364 keV DO H 2 ~<HrD
(0. kO FE BIWHEOKSRE (4) kv, kAU TR D,

R=2

X BHIZANSI/IAEA 77 P ATO LV AR AZFENRE (R) &L, o7 7> F ATHZ
LZRY (R) EDHAEMHFL AR Z () L LTRD S,

R
"Ry

B4 3 (TR HEERATE 2 OO £ TOMREE S L AR 2 () L ORKREZRT,
IAEA/ORINS 7 7 > M AZFRWTHIR L AR A () X 095~1.05 OFEHIZH 5,
IAEA/ORINS 7 7 > b 22DV T b g R AT 2> D BIEHBRIR O L F TOERED 100
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PATAC-Me |37 > 4 JZHdf LT AN 471 ¢
2o B =7 1IXEITS 1s — 0*(S-C) Oxidation state of sulfur
WIE~DOREIC)FE TE, S-C fid
BRI LTWAB - L RbD, 7277 QAR MV E— 7 (LE & LI DR Bl
L. S ls — 7*(C=C)fliE~D L
LW ENTND EHERTEDLN, MEDTRLFXT =T 1eVUTT, E—ZEHIEL ., 4y
WA DIFFRED 0.8 eVIEETH DL Z &b, BE—J T L, B —2 2 L 3%, B—
I DT FIVX—NE EBRILEEOBR (X 2) »E, ZNEN-S(0)CH; &-SO; DEHE
IIRBCE D, X2 OMBBMRERIAT S & ISE-SCH; b E#HAR Y 7EF 1> (PA)
~OERSy R B E) CH3SY —PAY73+0.5 ¢ & HAE S D, Bt s+ 25 #8 40 IEdE fr o+ 2 Ay OV C
HZENOERDND, TDOH, AICHE LEBER T 25 207 <, Blbshiv
RREIZH D Z LRy o T2, MIEH-SCH; 12 % 9°-S(0)CH; (2B fb &, fie\  CT-SO5 IC 1L
EhieEz2oN5, B SNT-A 4 F PA-SO; 13 H & K — 7 A8 g M & I8 L
TWNBEZENDL, BILIZL > TEHR— V=B INEEXRIEIND RGN E o7z,
Z 2T, SO, . CH;SO,, CH3SH 72 & OFEFAMED LRS00 MBEA i, WIUmIs F1
2 mWIEREL DA D 120 3 DIEHIH T, K940 % L RS HZ LN TED, K1
PATAC-Me @ XAS A7 MDY — 7 (g L L EROIFIEBE £ & DT,

#% 1. PATAC-Me DRtk K #WINEEITEE XAS 227 ML D — 7 & LA FFEOIFE

Wi K WIS B — 7 AL (eV)

Faw s 1 2 3

ENICED) 2473.9 2477.2 24813
UV W 2473.9 2476.3 2481.1

JLFE S* 2473.1

Na,SO4 2482.6
I I S-S S-C S=0 SO;~ S04~
fe 24 0 +0.5 +2 +3 +6

* BiHITTHE DT — Z IS E LR 4 1551 H
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[X] 3 |Z PATAC-Me 84 52 M O fifi
D K xR XAS AT LD
E—JfMENLRE I E
—SCH; (E'—7Z 1) . -S(O)CH; (¥'—
7 2) . -SOy (E—7 3) OJLHRgEE
AT D 7 Z 7 %779, —S(O)CH; I
FEBEREIE N2 R U, REES e ~21 %

%ﬁﬁvﬁzﬁ~—7t74ty7*4>/&L:;:§ 40 2b 4b 66 Sb 160 120
—H L, oRICAVE X TR UV irradiation time (min)

(R-SO-R) ITAHA KIZ BV TITEE
REOGHRERE LTHb TS, =
OEE S, BER 1 Mo A/LEF— b
(R-SO)~DHREA L HEZR XD, £7-. -SCH; 1% S-C fEAOUIWHZ X 2%, —S0s7i1
KA & OBUSIZ X D8 BIHI S v, WIS EIRERF I ESI L T, 2o
PEBIRAARIISS IR E N —E Th HFREZRE L TR Y . SOSEN I FHG | Sefilit
HILZ SO ASE AU TN B ATREME S FLH S ATz,

—

® 34

y=0.00741x
R=0.996

0.5}

y=-0.00516x
R=0.994

Difference (arb. units)

[X] 3. PATAC-Me AR 5535 1 D KOS A A I
D IR R R f

4. F£&0

ZHE CEREGUBIFHINCRI A ST E 2R D XAS 12 L AL fECi btk oA E Fik
| WEZBICEF SR Y 7' T L UFHERTH D PATAC-Me BARNEEZR 1 D KEEL IS D
WFZEI I Uiz, Wi K BRI XAS A7 MLD B — 7 TR )LX—(LE & B bk
& OFBARRN D, PA-S-CH; 1D S-C FEENUIWr 4L, RRFOmHE LIS L,  HIE
RD-S(O)CH; Z#% T, SOy AT D Z WA LM E o 7-, £/, MISH-SCH; 7»6H 1
P PA ~DE Yy BRI E) CH;SY-PA> 340.5¢ TH D Z & A A L F PA*—SOs DAL B
FRLICE > TAR— NV R—E 7R ERZEND 2 L 2EFE LT, ABFEIZRIT 556 B
M H, BEO XAS [FEREEELD e & TR BOSRIZE W T S A2 2 b5l & OE
BERIEDFETHY ., 5B ELITEA RZ~DOBEIGAIF SN,

HEE

AR THA LB RS 1L, & kb X — RS FersAE . W B E R 2 9e i .
BL27A B X A ARFEF IO~ F2T7— g U ZFH L TCERLE L-, X
X 7 DN ANIRL B LET,

'H. Ikeura-sekiguchi, and T. Sekiguchi, Phys. Rev. Lett. 99, 228102 (2007).
’H. Ikeura-sekiguchi, and T. Sekiguchi, Surf. Inter. Anal. 40, 673 (2008).

3H. Ikeura-sekiguchi, and T. Sekiguchi, Jpn. J. Appl. Phys. 53, 02BB07 (2014).
*S.C.M. Myneni, Rev. Mineral. Geochem. 49, 485 (2002).
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HREESHMHREOEILEST
BRUBFRED AL

OyILE", BIOEEA?2 MEHRAA—DUTFHAMET IL—T | [RFHHiE?

BRE(E. 2@ (EELREY) Hro+6ffl (WRELIE) FTHILERE DERLBZEEY.
ETORFEDRATHRRDERILETEREZRT . ARHOIVTELRHILSY
ELTHRARBHETHFREYT 20, —BRMUTEXDLFREDTETIRE
AEELL, EEF, ﬁ&%TJ':’é*llﬁﬁLf—Xﬁﬂ&HR \7'|:,£(XAS)b\fxi"‘n't*-l’éélﬂaﬁé
TEEMIZOMTEDZENGY—ILELGOTND,

SK- edge CHy
I uv
fig. ™
S

XASIFIEZHE S ICEELZVORAZRIsEFZ b
9516, x%&ﬁi‘:llu_winﬁw'lﬁﬁu%m
BiE)E/BAHILENTES, ?E’fIZ’\ﬂﬁth’C
AT HET, EFRELITTHL ERIKE
BLUBILIREIZODWWTOREMAFIEEEE S,
AMAETIE, @B HEOE S FHMEA~ADERIZD
L\—C@ TLT“’ .1(‘#\U7ta:l//;n’%=1$i¥ﬁ 2470 24I80 24I90 25I00
BOKIESUTIZKD BT RFREIKEEDIER Energy (V)
#r9, M2ICE—VIRILFX—BEERRIEHE M 3
O)F*ﬁ{%ll‘il:oll\fﬁ:j_o 05k y=0.00741x

R=0.996_—=

|
1. 2- ?; CHs
in air
120min

60min

30min

15min

Absorption Intensity (arb. units)

0 y=0.15(1-¢2T) |
R=0.928
05l y=-0.00516x 1 ]

R=0.994

Difference (arb. units)

Al
E10E—511ES 1s — oxS-OME~DRE IO

T.S-CHEEDUIMMNERASINI-, E—V2L31F 1 LB ERIKERE
IRINF—REERIEHEDLLFIREFR (H2)H

5. ZNETN-S(0)CH,&-SO, DERERISEET ™
=5, BM4A DOBEHEMNS KEEIERIGIZEST 8™
DFLUANLTER—ILF—EVTHNEIOTINGS | Loy >
th§ﬁﬂ6b\t@:9f20 2470 _

-1 0 1 2 34567
Oxidation state of sulfur

H2 BREHDBRER

ﬂ‘ﬁﬁ‘%li@’ﬁ*ﬁzﬁﬂﬂ)@*ﬁﬁﬁﬁ}im%l BT XASTHWSZETRIEIK
BOMENGoNDIEEZRLI- EFE. MALEMZFIRAL- e

7(55 B, MPBENGETEREIHZHARINTILD, ChoD A HEHE

- )l/tL—C*”FHT%)T_&DODT gﬂy &*Uﬁ#*ﬁ#/ﬁ@@nmé ’.)—CL\<

URL:http://unit.aist.go.jp/rima/

HANE IS 2, EERTR
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BERR IR AEEDRRS

FFIRIREHRMRT IL—T BT Hik

25

Befihyk & EHEANE & RIREIC SO FIECTEWRIC X 5 - HEL b2 ET 2 & %
B L7z, BB I, BBESHES T 7 74 MrEt 22 BaE, MEREZ
LCREVAL L CTHWE, FEEMECIEL—Y—~ A 7’ — (LMG) %AW
7oo LT, 2400 COMEIRE THREWZIESR I KX OB RRE O EMEZ2RIE X,
INHZODFHETHWIMR TE D X DI LI AREEIC L > TERTE T,

1. ZL®IZ

FEFHOFE L T D EERHNR AT ORIE DO L S THh D KK TR C
IE. TAVE TIT 2000 CEE 2 5 @i T CORATRE B SRR & O W B R 2 FHHl
TOEEERBE L, kxR NEZ 7 7 74 MMEIO @R COREKRGFEZFHE L TE 72,
M BIR T coflE 7 u v A CHAT 57201, MEFEEROMm K « iHE7: & OiEy
EEEDR RO BN D, —MKIT, MEHTREZ(E THREN LD LD T, 1 COIREZEITKE
TAHEELE, bbb, BZERE (coefficient of thermal expansion, CTE) 73 it Z4{E 5
PERH DOFERE & 72 5

NIEZ T 7 74 MMEHE, U 2 B8 RRE | R, 7L =0 LREBRZR SITE
b Tna, ERICHx ., o8 EEE AT 58K LOEMMELE LT, 2 b il
[CLBERAIR BB CH D, THFE, 2 b OREEORE TRIIRAULE N, A&7 T 7
7 A MENC X 2 IRERIE O BT LT\ 5, RIL7 A F(SIC)HAE L 72 &/ —2fal
O BLEIZIX 2000 CEB A 2 @R TORMBKRE T e ARNE L SN0, BE
IRk COYMERTMAIEF ICEE L 2> TE TV D,

ZZTEEIEL. NET T 7 7 A MBI SRR T O BRE & Bk & IEEAEIC LV
[FIFRFICHIE T & HAEE OB REICI A TE -,

2. BB

R T O KW 7e & OEEZR 2 30k 2 1513, JIS R2207 (it k) 0 Bk D #llR 1%
THL STV D, AMEIC K 2 M ELEE 1T, Bk /o Hr2E & (thermal mechanical analysis,
TMA) & HIEIN D, TMA 1T X DMEVZIRROREIZB W TSHRME L L TIER-HWS
T E @M T L FEERERIZ, 2000 CEBEZ 5B TIEEHATEF, L0 EVEE
DENT T 774 MEFHT D Lankwn, i, L—F—< a1 27asr—2 (LMG) %iT
U LT 5 L—V—NEBRA - HER T2 FA - el OBIZERORE X, &R T
IXERUF DB ORI 5 IR TR IEBITBELE DAV IATe 72, 4L E TiE 1800 C
FREE TORENERTHS T,
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AlEl, BER L OGHHY 77210 Tl 2B Y SBEESEIMET 77 74 e
W E R OBMZIREH A E ZBR Lz 2, TMA TiX, @EEEF%HS 7774 b
MHEVREE Td 2 3000 CHHEE THHAITE 523, EEIREL I, FRIRE & FFMIRE
L7cZ# 7 o2 (OGH EOREENRELS, WMERENKRELS D, 22T, b—
P BT HERER 28 A U C, Bk & EEANEIC XA FHIZ BV TE 5 &

TR LT, FEEAEIC X D2WEIZOWNTIL, BRIFNED O OEELED LMG O
HIZADIZS K THEIICEEI Le, b OfER, 2400 CE THITIEIC X 2 EEESR
DIRIRFFHIAS FTREIZ 72 5 T2,

B4 1IZIEBAE LS B ORI Z2m 3 5 A L5 V2R G 1cky FT&EL 891
EEEETTN T T 7 74 NORBREZ B ORMZEICEE L, 7038, B OREARI
BERIFO KT OWNENCEY 1T TH D, K1 Ob)NTIE, RT 2T E & ORBEORET b
HINTWD, RTICHRERZERE L7ZZ LI2L 0, YU IARHBIIR G -T2, EAHE
21X LMG IZ X 2FHIAATE 2 KO IO Al Uiz, SBRA & EitiEIC L 23R OB
MtEEZ# N7 CAFBERFE O EFHRICEE Lz, o, ZoHEEORBRF Y1 X%
EAE 20 mm X & & 100 mm OHAEE LTc, Ziud, LEM T —R UM B O W BRI E 7
EO NS kg (ISR7222) IZHERLL 729 A X TH 5,

FEEEOBEBLIFNHTOTELK 2 1277, BEXFITABEFROFELTH L, I—AR
WrEHIZ B E N - 22 O ORISR A AR 2 3R R 2 > b Lo, #EdiEIC &
EAE 2 5T 5 72 D O R DR B i D B %@LT %ﬁﬁ$%ﬁf%ﬁﬁ@i%
m&o&#ofwéoi% ERRIMBROMEIL, RBEEMS 7774 baHnT, X
FR 0% %ﬁ%kbf@#ﬁéﬁ7774%ﬁ#ﬁ%hé

LMG®V~fWE*A%§%¢5kb®i% GREXIFICLREEDS Lo, ZDRkT
Z 3R T, AEIBHFE L2 LMG 1, JROEEFEL O LMG D5-150511-HS % FHu 7z,
L—H—tE— ADIEIX 150 mm Th 5, EXIFOIMINZ LMG OIIEHE & 22 % iE 7
LM, L—P—E— AZEBIIFNICED ANDEIEL, 150 mm OWgE T 2508130,
S 100 mm OFRERF O EFE FEIZENENE— AR S5 K 9 I E U,
B OREIXFTRE Th D, IFHE b REMEIC, BBRA O L TomHAEH S D L9 I1ITR

NHITLNTEY, L—P—E—LLDBFRERLEONBK 3 THD,

3. HIERE R

BEfiEIC X 2 BMERIANE IS IE, BEIREDSBEA RS E 2 AW CEEES L RO TE
SMENRH D, JIS R2207 IEIC LD L, ZRMEEAEY 7 (Bt L OSHHE) |
FUMEETLHZ Lo TnD, SRIOSEWEIX, REESHINES 7774 (A
KT 7 J1—7R o AERLIGST743) & LTz,

X 4 1%, LMG % HWCEHHI L 722 BWE OB IEIC X 2 HOED LR D 7= M EEE

& B IRARE OIREARAFME 2R3, (AT, FRB K OFRROEEIX 10 °C %) T%é
1400 CE TORERFIL, 1ERIEIC X o Tl SN BWEREN HFHE L2 RO R
R —H LTV, £72. 1400 CULEOERERO T — X113, SEPO TH LI E
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HFERTHY , FHRSRT—2 L7225,

BEEIZ X5 LRI & AR OMOEIX, Bt EFHIY 7 OBWEIRS R T &
JMEL TV 2 EXUF OIREZEIZIE L BRETE W2 dIZ@E —H L, HIERE R
D LB b—E U, i), FEREAEO FIRERE & BHEIBROFT — Z 121X,
& A EERENR, DR, FERREIC X 2 BVEERH IO ThH Y . FLETLH D,

AEBHFE LB EZ NS ZLI2E D, 2400 CL W o mfEmiRE, Stz s, B
S ORIE: B ORBR T D~HEZ L E “EOGEEHA” NEEETH D, K 5I1%, mHES T
L AR —RBERR (RFEL) S/ T 7 74 FEMOMERRETH S, 1000 CET
IFIEOEWEIREZ 7R L7223, 1000 ‘CLL EIZ72 5 & BRI E S e BUGE N e E 5 2 &
WD, ZOEUGHEOZEEX, 1600 CHHETELT 2 Z &L REEIID TRWE S L7z,
ZOFRBRAERIL, BB X 5B EV DIR T 2B T 28T — X LR D REMER S 5,

N7 T 7 74 NEMRORMET v R8T, X7 17 (puffing) L FRENS
BERBENBI SN Z LMo TS 4 ZoBRGRkRIs L, fitLTns
T 77, NEBBNZ A= %2578, ZONRT v THSBEEGEET 5 T2 O S TR
MWEEL /2D, SRR INZEELZHONC, $REZ0R7 0 0 VBB EEBE LR
BRIZZ20S, SIREE CHEEMMARKERSHETE S Z L1E, N7 4 W ITBE DS
(2SN E s,

DR RERILFEIEEREE IREB L OKRENA 7Yy FMESH B O BRI O - 7
FIZBEAT 258, KB T NRBR AT (1992).

PETHLE, “NEZ T 77 A MBS R B EGHLEE OB T, K FE[No.268],
135-137 (2015).

PV AFER, K9 2400°C E THZIE & EMEICFHITE 2E AP 20134 11 A 25 A,
PEZFEBANE A WIFERT Web Site.
(http://www.aist.go.jp/aist_j/press_release/pr2013/pr20131125/pr20131125.html).

* 1. Mochida, K. Fujimoto and T. Oyama, Chemistry and physics of Carbon, Vol. 25 (P. A.
Thrower, ed.) (1994) pp.111-209, Marcel Dekker, New York.
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EFMHOZEMIRIILIF—EZFHAFEDOHRE -

ZHF—HAEFINEDFiE(2P-PYS)
F/RREHATHRS L —F #HE Rt 0 shsE, it (@

AHEERR & OBREMEA BB 2 W T2 IR T S A A DWFSE - BAFE 2 X8
5Y =& LT, MBOZEEN Z 583 2 FEIZERA b 72 T D, AiET
(3, Fox PUTFICTRENE U 72 22450 2 Rhile YEAL & U Tl ) stlll P RE 720 e+ — e
TULESTE QP-PYS)DBHFS IR I Z ik~ %,

1. [FC®HIC

HRES 72 EDOHNIZIT L - TEL D0 DRIk EIL, @ﬁ@m%ﬁw@ﬁL&kbf
BRI SN TE o, IEFTIEL, A% EL AWK EMICARE SN D L O I —EE
SN =ZEET) R EDE %Eu(::r&%tﬁu&@&) CRERBELAFELRTY
%o S1 & TI DEBFEMZFMT 511X, BHE. 6T — Bl o LIEQPPE) & FEIN D F
&ﬁ%“%ﬂéo:@iﬁiﬁ&mmmV%fﬁg@%@NwXV%f%%wf\ﬁyf
I (WVpump) FREFZ & o THIE S /7205 12 7 8 — 7 W (hvprove) & BRI 32 Z & TRk UEAL
LORETHMERESEZI L, BEEZETICHOLIE =RV —0MEaREHNT ST
YN DT X —Z2RETD (K1), LnL, —f&AIZ 2PPE Z B3 T 5 72 DIZIZEAED
%%%%ﬁ##éﬁﬁ?ﬁ<\%h%%ﬁot®®mgﬁwﬁﬁﬁ%gﬁékbﬁﬁﬁm
STV, M2 T, 2EERB OIS L EHIEOWEND . ZOmEHAXRITeEER
HCH ) 17 E DOV 5 EKEFFEO S EIZR LTINS,

ZOX DRI ERZE LT, IE, BEEE DIIREMN OF LWEHIITEE LT T
— B AINEDHIEQP-PYS) ZHERE L7- |, PYS IINE L ROBMMESEEE LTELI NS
HMHNTEY ., MEIOLEFEREECA A bR T v v LAP, X 1)&E KK EDFERE T T
S IZFHAICE %, 2P-PYS (X PYS ZInH L72b D TH Y | 2PPE L [HERIZAR Y 7' — 7 —
TEZ L o> TBREML L ONEF 25T 208, r—7OEELEETHZ LT
PYS & & 5 BB eiEA R EN TIT S (K1 ), ZOFEORRIL, EEE2EREE
BIOERERE TRV = Tama L E L2 2 TH Y, 2PPE L 0 #HIEXfEEN
DRI T A MIHIET L2 LN TE D, AUFFETIE, 2P-PYS OB OR D AL L
TR T—7 =708 2 TG E R 2 & RO R D O HE
TR DWW TIRET L=,
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DIETH Y, PYS 1T 1 K FRIGERE TH 5 DIZxk LT, 2P-PYS 1L hvpump & hvprope D 1
WILEFRIZ K > TREM O SN E 2R ET 5,

2. ek
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DO = FPE (355 nm(=3.49 eV)) &2 FW =, 7SV A L—HFHIZZ D F F DRSS, itiﬂ%
TI T Lo TR T E T =TI BREAT — V% AW CTERIER AL 2 28
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B EoBERSMN RSN, ZIUIHWZ L R L —F ORI 72 BRSO FERE
(=150 ps x Y DITBBLZRGLTEBY ., A ORFFRIIC LA EFHHICE DD
EEZDOND, —H. ZTOHT RGN LB T-ALTEIK, DOF VIT DD L AT
72 E 72 0 226+ BEL T2 IRBBIC W T ) 30 A FREDOEMMEN o, 20 Z LiX
B SN ERMIIAR S 7 HAC L o TRAE LI ¥ 2 R OmER)N S ONE
HICER LTS Z E 2R LT D,

ZOFRMEARGET D72, T r— T ONBE A —E(=2.46 mW/emHIZ LT, R
D FRFE 2 A S B2 S R O BFRBINK S (TAb bR D O e EF
B) AL (K 3), TOME, BREMESEAR S 708D —FITHEI LT,
ZHUTT b b At =0.5 ns OFRMETHRI SN LB T FRIUERICE 5 DO TH
HZEERLTWDS,
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! |
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Han 5Ok 312k B &, ITO R EDO_ 2o DA FALRT 2 ¥ Vi 490 eV,
BB 270eV T D, SEIHVE RO R LF —[L349eV THY , N Z
DG AEND S ONEF NI FRIIOBR T LAEZ 67, M3 D Xk HIc—kF
WGEFR THE T 2 2 DI S 0O EMICHK L TWbH EE X Hd, L
L7223 6, B0 Han & 238U L 72 BB NI3HRBBICE 0 — 2T 51 A kiR

BROLDOTHY , SEBLHT DGO HEREFEOE FHEMIT 7 —a UHAEEHIZL - T
FET RN X —RNEDRELRoTNDI ENBLLND, FEFE 2PPE Tl L7z~
Ao EIEO S BLIOT M OE—7 =R /LX—[L331eV.427eV & AELN TS 4,
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0.78 eVIZEHT RN F—NARE L TWNDZ &Il D, BERICIFE T 3L ¥ —Is L OVERH
OOy VM EMERSS TESIDO AR —PEZ X > TTi D 427eV DIEL D /NS N R L —
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Z o RKR O 72 5 R ZLREEDS LB L b b,

4. £&0

ATl Fox NI ETIZED TV D 2P-PYS OBFFERIFRI AN Lz, AT
— TR =T NV AT L HTAMAIAT T & T, AL =0.5 ns DRAF T2 Z & i
HICAERR U728 IERE D b OB Tt A B S iz, AL, BP0 BN TH LR 75
ETm—=TRESNT DI E TREFREOBIESIE S AT LE2RET L TETDH
Do
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A7 TR A 7e B Al B 4 [16K17975] D I L » T,

'T. Hosokai, H. Matsuzaki, A. Furube, K. Nakamura, Appl. Phys. Exp., 10, 022401 (2017).
PRI BRI R ERREAT AR RER | R E R, RimAE, 28, 264 (2007).
3W. Han, H. Yoshida, N. Ueno, S. Kera, Appl. Phys. Lett., 103, 123303 (2013).

*C. W-Lun, M. Ligges, A. Jailaubekov, L. Kaake, L. Miaja-Avila, X.-Y. Zhu, Science, 334, 1541
(2011).

— 189 —



S HTEH AR AR
Research Institute for Measurement and Analytical Instrumentation
EFHHOZEEMIRILF—E AT EOHIRE:
ZHFABFINES K (2P-PYS)
Bt WFhsE Opif{E F/aHREHRAERT IL—T

1. i -HROEE RO A S O K EF BUE MBS X E(2P-PYS)DIRE
/V)LZb—*fﬁ'E’éJ'E;J?LE'D !

1. Bsr onmABBEOEER LEREL, UBmEE - - ) Oeﬁ4|
BAERE SR HOBENAROON TS o $H“ 70— 9—_ g

2. BuprE o RETHBME— TES ) EUSTET) s | mERLT T S
PO E T FERRT A ROBERTORTHS Bs] | aw *" E
A, T ORAANGEHATF RN TS © v THOMOR SLUMO~BIE o VS Yl

@ /zvmbc'ELUMO# SOXREFIREH At IR

3. R#tid. KA TOERELE THREM ORI . i s e T

BEAFLLGHI RS REL. TORBRRERNTS T, % / “Wo ’

2. B}W-Eﬁﬁmmﬁ Homo-'g-—sO

EEREE LB B ] (5] B — e FIRURIC K B BF DI R ER

2% FRINER
BREE/S58— 2, 3EAKFEEL=VH o - e
~ ~ s, 3 | TEE
$IFIBILAL—F— N YAG . ’\/gt/;ﬁﬂi . | |
(7%JL R ~150 ps, 1064 nm) BT —>kS iy
e Ha 1004 oA vk -
PN Sl HLEE e in air HEEf
J\ < 200V < 10" 4 S| 2 L 0ev) s
. hv = 3.49 eV ! G- = ope Virtual level ==’ g
N 2. - 3 1074 L =4 3.07eV | p.
& g auss distbuon :
= eV)
I 3 4ov] i 4.90 eV
NEEREHAE = Y et | LUMO — 3
Y 10™4 (0217PIL?¥ &lm 3 T %: 1Eg§§ \V;
n - in vacuum (0.1 Pa ) e
15 |
c HTADA—D /4K 10 01 J] 1'0 100 -ﬁ- 0 W. Chan, et al., Science 334, 1541 (2011)
ety steae Laser Power (mW/cm?)  BBEOTRNF—BAS St> 0L AALRT S

YLk hE N =>RBHIRG N FRIUAR

HPBERT LAV FIXR N DRBFREDIERE

EERMA=05ns RO EIE 2R TFRINERE. 1% FRIGAE
< 1T L 1TogTTTTTTT Ri' TP =g((ME() + A DEA) + )

—_
[=)
w

BEEZE

—

Slope 1

<
2
y Y Pentacene l == 1 'EE 1 ﬁlﬁ % u& ”R %?ﬁ/;ﬁ
- Delay time (s ) o0 (Thickness 15 nm) £l eH .
RES R wowss Qoo {RABAEA --T; 1 02 ng--r"jh
1. R THOKBE: |0, o ot 0 —— a Gass g It
2. 7O-THORBIH: | ps .
3. RY7E7O-7 RORBRE: i it LUMO === S,
lpump&prohe H;J: - .-., ROT%k
I P 3.49eV
BEBNSOXEFHEHE 2 A=05ns Homo-FH- S, s
| = — (I + | =] 10" ———rr ———r W. Chan, et al., Scinence 334, 1541 (2011)
vone = pumpsprone = (lpump * rove) 10' 107 10° FO-THOIRNF—BA> 2L ORTFEAH &
ROTHIE () YAREW => XWMRE LT RIGEE
A ;
3. ,!F R LUSED =3:5 T. Hosokai, et al. Appl. Phys. Express, 10, 022401 (2017)
° j(?l.-F'—J'DH'é ﬁ'l':?"&llid):‘u'l':a% %’é’ﬁ#ﬁﬁﬁ%%’\".‘/@t‘/’fﬁﬁu FREES: 16K1795

© BEEMNMDOABFREDRRICKY = ME—EEHE=ZFEDERNA AL
« SRIIRK-BERBAIE/ ILAL—FZRWVEEMC AT LEZRFET S

'URL:http://unit.aist.go.jp/rima/

HAREIL AN o, FEFRTR

Integration for Innovation - R LA AT

— 190 —



IINTRFHEYERFZE AR 58 3 RIS AR T A
M2 0 s BT R a BT DO OFHIRERER i | JASIS2017 27 7L A jiE4E

20174E10H30H 31T

o A ENCATZERR IR PERBANFRSMIIEET RHEIEMER S v — OTRHAERENT RPN
5 SR TR AR ERFSERR P VRV T L | TR B R
reh . TR EM. MK B Rk BT, 1 mET. 5l BT
TEL: 029-861-5300 FAX: 029-861-5881
URL: http://unit.aist.go.jp/rima/index.html  e-mail: rima-sympo-ml@aist.go.jp
FATH  ESIHMERRTEIEN EEEANREMTICAT B EARMER G v — TR ERT TR Y
FATHT  ESCHFERRFEIE N PESERLAT G AT IERT
305-8568 ZKMIEOITHIHER 1-1-1 O<ITHRE

FA FITmE OFF A2 A T RE DO ETL LI Eimildb WIS 52 L2 B U £,

Printed in Japan



AlIST17-X00008

e

Nationa/ Institute of
Advanced Industrial Science
and Technology

AIST



	空白ページ

