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Research Institute for Measurement and Analytical Instrumentation
National Metrology Institute of Japan

EGreetings from Director of RIMA

The Research Institute for Measurement and Analytical Instrumentation (RIMA) consists of seven research
groups with around sixty researchers and has multiple roles in the NMIJ. The first role is to develop and
disseminate the national measurements standards for ionizing radiation, radioactivity, neutron, acoustics, and
vibration which are supplied to users in a wide range of industries and medical fields. We have recently
developed an loT-adopted wearable radiation dosimeter. It has a built-in LCD which indicates measured radiation
dose in real-time. We are intensively investigating standardized neutron technologies for novel boron-neutron
capture therapy (BNCT), which is attracting attention as an effective treatment for cancer. Characterization of
acoustic noise emitted from unmanned aerial vehicles (drones) is also currently under earnest study in our
institute. The second is to research and develop advanced analytical methods and instruments, such as a
positron annihilation lifetime technique for advanced material science. In 2020 we started operating a new type
of neutron beam facility, Analytical facility for Industrial Science and Technology using Accelerator-based Neutron
Source (AISTANS) for non-destructive analysis of advanced materials. The third is to research non-destructive
diagnostic techniques with X-ray imaging as well as optical methods for structural inspections and to implement
these technologies into industry for addressing a social challenge of aging infrastructures. In addition, we are
actively involved in training young researchers through various programs, such as Nanotech Career-up Alliance
and Nuclear Researchers Exchange Program.

We hope to tackle the challenges that face all of us through nationally and internationally networked research

activities.
ISHII, Juntaro Ph.D.
Director
Research Institute for Measurement and Analytical Instrumentation (RIMA), NMIJ, AIST
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Radioactivity and Neutron Standards Group
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BECIREDEHRIICEADLIEREDARAREMEFHG, RUOBEET IREHARMTOMERAAEZIT o> TVWET,
ZFDeH. BENBFTIEFEEPEENT—DOREZRAEERCAERDBEERIEEZDMEZTV. IRENDEF TIEIRE
IEEPEEINREDSHAEMZHIELTWETD,

Our group conducts R&D, maintenance and supply of standards related to sound and vibration measurements, as
well as research and development with precision measurement technologies.

B F—7U—REREEVY. IRBERELE, 70Ky, FERE RE. BEH
Keywords : Accelerometer, Vibration and shock standards, Microphone, Acoustic standard, Calibration,
Precise measurement

KRIRICH T B IRENFHEI MR AT DR F
Environmental Reliability evaluation technology
for vibration measurement

$:iff ~ Technology

B EE A DT SRR IIREDES E L — P EHEe
EENEE Y 2BV CERBEICTHMT 2 RiiTe Rl TV E
o S5IC. HWIRENPHERBOZELHE - BERTZIET
HUREN A EREICEHIIT 2B AL TVET, = HHREN AR

Triaxial vibration exciter

;8% Thermostatic chamber

We are developing the motion evaluation technology of a three- - 38 Temperature range : -30 °C to +80 °C
axis vibration exciter combined with a constant temperature - /2 Humidity range : 30 % to 95 %

. . . . hn#REs Vibration exciter
chamber and the system with accurate micro-vibration - B2 Frequency : 0.1 Hz to 100 Hz
measurement by correcting and reducing the effects of the - IR AHRE Max. amplitude :

(x,y) £200 mm, 20 m/s?

earth’s gravity and ground vibrations. @ +50 mm, 10 m/s?

% / Outcome

EBREBICBITRA Y IINILAEZYY VT DEBEER EAD
5D, EMRCIAREE CH- o, BERELRLSEMES
DERBISEERIEAEEICLEYD,

It contributes to improving the reliability of infrastructure health
monitoring in the actual environment, and calibrating the
frequency response of ultra-sensitive accelerometers, which was

difficult to calibrate with actual excitation.

BIRE +L— Y Fisst
Vibration isolator
LLaser interferometer

BE R E

Precise evaluation system

- iK% Frequency : 0.005 Hz to 200 Hz

- £/\JEIE Min. amplitude : 10° m/s? (@ 1 Hz)



BIERRIBRICEITE Y1 70O SHEEDR
Development of infrasound evaluation method for
microphones

KITEEPRRETEUSBERKEEAOSHEELZENELT, Y170R
Y OFHERMZRFAELTVWEY, RERENFORBZISALILATRTIE M
BN THRETBERRENERE. KEORBEMEENINEE, KEED
BELTWET, KBERERMAETIEFTF-ETHDIcH, BERKRTHEE
BRHMAANMORERSEORXELERIT 53, RBEMZHEITHIET
BRKENZEE ZFHERIEET I,

Our group tackles calibrating microphone sensitivity below 1 Hz by periodically
changing the pressure inside the cylinder to measure infrasound events such as
volcanic explosions and tsunamis reliably.

RSN - EEILEE Y OFFE B

Vibration and shock calibrations of accelerometers

BENEEX THELINDIRE - HRHAEEEZERT 2 —RRIEEEZMH
- BALVWEY, —HEEERIEEEIR. SAFSE2EZAVT ZHNE
Et vostiliSBMziiid 2 2BIELTRD. BRKIRBIKEREEE.
10 kHz £ TOBEKEBICEWT, IERELVYOREHREEZERBEICKRIE
TEXY,

Primary calibration systems are developed and operated to calibrate
accelerometers using traceable laser interferometry techniques mainly for the
automobile industry.

JEIE  Collaboration

(1) 1>73F=5VJAMEE LYY ORBRFMRHOHEREZREL
w9 "
Aiming for social implementation of environmental evaluation
technology of accelerometers for infrastructure health monitoring.

DR
Laset_‘ interferometer

REREERERE 1
Liquid column'type sound &

EIG]

K1 % B E R I iR
BEEsIET H
BAREBICENZEE
ERESED,

SHREHERIERE
Triaxial high-shock: calibration

= ERIREMRIERE
High-frequency vibration
calibration system

(2) FEFRBtYYOEFERRICED. SHEENL—YEVT HIEARRLTWET ! ?

Contribution to JCSS by ensuring the reliability of microphones and accelerometers.

8E3i#k / References

' Noise reduction of calibration system for micro-vibration measurement, Measurement: Sensors, 18, 100138 (2021).
2 Primary accelerometer calibration with two-axis automatic positioning stage, Measurement, 204, 30 112044 (2022).
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BEHIREMNBIPER - EXPRIAROLEFA, RIERGRAIEICERT 2BARO BIREZRFR - #iF -
LTI XiHR v #R BIR. TOMABNFZXRIC, BIEKMPKRE - HEBROIHDBRHFRSDRAZITL
£

The ionizing radiation standards group develops, maintains, and disseminates the measurement standards that
contribute to the medical and industrial use of radiation, the safe use of radiation and the environmental radiation
measurement. For X-rays, y-rays, B-particles, and other charged particles, our group develops the measurement

techniques and radiation fields for calibration and testing.

B TR AR, MEHREE. MAHRRLES. RIRE. BRAH—Y. RELE

Keywords : Radiotherapy, Radiation protection, Radiation detector, Absorbed dose, Air kerma,

Dose equivalent

BIRILF—BFRICT BKIRINRERE

Absorbed dose to water in high-energy electron beam

EEAVZTFYIEBHISOBIRILF—BFRICHT DKRIIREEZAEZ FAF
U. iz thoELR Y EERICIIHART ST 7+ hAOY —X—FZBLTL
F9, MHRBRICEITRIREFTADZRLEEL LTI, MICH Co-60 - EFAV=F
VIR FIROKFPARE. Ir-192 SAEAZIHRROERA—VIEEZHIGLTED,
BER M ORAZIT>TVET,

Our group has developed and disseminated the absorbed dose to water standard
for high-energy electron beams from the medical linac". A waterproof graphite
calorimeter is used as the standard. As standards for radiotherapy, we have also
developed and disseminated the absorbed dose to water for Co-60 and medical
linac photon beams, and the air kerma for the Ir-192 brachytherapy source.

[R32 / Principle

TZ77AMAAVX—=FE, BEHROBHICLDELS 10 mK BEDRE L
ANSRIGREZRE T DERETY, NAUA—FIREZTZT7 7 M THEEEN
ZBBEICB>TVWEY, ZhZhIiCREtY Y- REHIEAE—YZEREL.
10° K A—5— O EEECREZRIELET,

The graphite calorimeter is a device that determines the absorbed dose from a
temperature rise of about 10 mK in graphite. The inside of the calorimeter has a
three-body structure composed of graphite. A temperature sensor and a heater for
temperature control are placed in each, and the temperature is controlled with a
resolution of 10° K order.

e b 71 1AM
2774 A0V —X—%& EERBYZ
TyUEB
Graphite calorimeter and clinical
linac

Ir-192 Z 3/ IMRRDIRIE
Calibration of the Ir-192
brachytherapy source



lonizing Radiation Standards Group

XHR -y iR - p IROMEFFELAERMORF

Dosimetry for X ray, gamma ray and beta particles

H—RAAX—FPEABREF DN —HEV T ERICBFZERIELEL LT X R
EYRDERAN—T - BIRORNFEEMRIGLTNET, vIREKH—DO—RIFALE
mELTAHWLNTWR T ST 71/ N REREREZ. BBIE 450 kV £TD X #R
BIEAT5ZET RIEARER X MROTRILF—EHAETLALE LI 7,

As a national standard for the traceability system of survey meters and personal
dosimeters, our group develops and disseminates standards for air kerma of
X-rays and y-rays and absorbed dose of 3-particles. Applying a graphite-wall cavity
ionization chamber, which is used as a primary standard for gamma-ray air kerma,
to an X-ray field with a tube voltage of up to 450 kV, we have expanded the energy
range of X-ray fields in which the calibrations can be performed?.

[RI2 / Principle

5774 NEZRAEBRA - FTFIREMZEIEHEEIRFRICEDECHBN
BR (07 ARE) ZAEL. BRA—NEREVLET, /5771 NELHEH
FEI13K9 100 keV BLET. FHTFIREHAZKEBREREIZH 300 keV UTT. £h?
NAENFIRETY, ZDDBEMAENE AR I RILF — BB TENZNOERERE
TAEUIZESH—IE R<—HLELRE Y,

The graphite-wall cavity ionization chamber and the parallel-plate free-air ionization
chambers measure minute currents (about 10" A) generated by radiation to
determine air kerma. The graphite-wall cavity ionization chambers can be measured
above 100 keV, and the parallel-plate free-air ionization chambers below around 300
keV. The air kerma measured in each ionization chamber in the energy range where
the two chambers are measurable was in good agreement®.

T 2774 NEZE R ERERE
Graphite-wall cavity ionization
chamber

300 kV UT D X iROERIELER TH S
T FREHERERE
Parallel-plate free-air ionization
chamber, the primary standard for
x-ray below 300 kV.

EE  Collaboration

(1) BHERREBORRDIHFELANIDOSERL NI TORFARERHBLET!

We provide Irradiation services with radiations from environmental level to therapy level.

(2) ZHSFLES - BEOHSROAEETEMAELET !

We develop measurement technology for radiation of various types and intensities.

8E3i#k / References

' EERIESRE RV EEHRAERIRE ST OKRIURERIE , Jon. J. Med. Phys. 41-3, 134-142 (2021).
2 The NMIJ air kerma primary standard for high energy x-ray beams in 300-450 kV, Biomed. Phys. Eng. Express 8, 015021 (2022).
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A RER LU HIEFICRDDETEREDRS - #F - e, RIUBEEITIFARMORAEZT>TVWET, &l
FBHER LOFEFOERINAZX A S BRER LV EFHAKMOREICHZEANTVWET, HIZIFERBZED
BEEEREDREFR. RURPUHEFHIEEE (BNCT) ICEI2HUEFRESZORREZTOTVET,

Our group has been developing, maintaining, and supplying measurement standards related to radioactivity and
neutrons, as well as developing related measurement technologies. Recently, we have been focusing on
developing metrology and measurement techniques to support medical applications of radioactivity and
neutrons. For example, radioactivity standards for medical nuclides and neutron standards for boron neutron

capture therapy (BNCT) are being developed.

B TR ZEP REBSE. BERTE. BNCT, &RIE. BEEHR

Keywords : Nuclear medicine, Environmental radioactivity, Radiation safety, BNCT, Calibration, Precise measurement

U R EEICRI I B FTRA S

Research and development on radioactivity standard

ZHIPRRICAVSNABEMEERR Y. FEREICE T DMEHRD AMEANDE
g BRREFICETIMHNEREZMIEAALTVET, Inickb, BHEE
MO EERBHEAE Y. BMARICEDIREREDERICEMLTVET,

We conduct research and development on various standards for applications such
as radiopharmaceuticals for diagnosis and therapy, effects on the human body by
radiation in the workplace, and contamination monitoring. It contributes to accurate
radioactivity measurement for radiopharmaceutical and securing environmental
safety related to radiation.

R, %8  Principle, Feature

WREBDZBDEZEDHTICELE TREBERITAEZTVET, FIZIE B &
&y IRZERBFICE T 2EICOWTIE By AR EIEZAVEY, v iReRE LR
L\&EL:’DL\TLEL BEHRZEICEIRL, BROAXREBICIDAR A EZTVE

o TF, FIBRBPAMEERDIRALE LTENTVEDT, INICKHIGU RS
ﬁE REZFEFELTVET, Chicimz, HRESHEEORHNENEZRELT &
EE SRR 2R 2 W S BEHEXT R E DI SR A Z T o TV T,

Standardization of radioactivity is conducted along the decay scheme of
radionuclides. For instance, -y coincidence method is used for nuclides that emit 3
and y rays. Conversion from radiation to photon and coincidence counting by photo-
detectors is used for the nuclides that do not emit y ray. Recently newly developed
radiopharmaceuticals are placed on the market one after another. We develop
radioactivity standards that meet the market’s demand. In addition, standardization
equipment using a transition-edge sensor is under development to measure
radioactivity with the highest accuracy in the world.

ST REAE T A E B
Equipment for
radioactivity standardization

AT

Radiopharmaceutical

HRETREEITRIE a

Radioactivity absolute
measurement 1

I antard
ai =

Detector
o/ PHRERAERRIR e
o/p standard source Radioactivity

TG R IR R DS R LE
Calibration of radiopharmaceutical
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Radioactivity and Neutron Standards Group

R FIRZEICEE T SRR

Research and development on neutron standard

RFNFEBHZECHET ZMHARFABES TOREFMREICBREESNEH
MFIREDRF - 45 - EEBZToTVWEY, e, RURFEEFHIREED
FOBERICEDNSPEFP. IESFBRATRET 2 RPEFOFME >
Teo #fciR=—XITXIET Blcd D FEHRIRMTOREREICEIMDBEATHET,

We are developing, supplying, and maintaining neutron standards required for neutron
dosimetry and other applications in radiation facilities. We are also developing neutron
measurement techniques for evaluating secondary neutrons generated in accelerator
facilities, and medical applications such as boron neutron capture therapy.

[FR3E. 458  Principle, Feature

FHEFEBREFLARWCS, HORFZEOERIGICE>T, B FICE
L, AESNEY, FATI2RKRIGOERIF. FEFOIRILF—ITIHUTEIR
SNET, FIZIE. TRILF—DEVERPHEFICHUTIE LiZBAWTTILT 7HF
(*He) EhURY CH) ZER T 2RIGN. TRILF—DFVEREFICXH LTI
KREBREUL TG F2ERT IRELRIGIEDNE T, ZOMKRL G RISDEE
NHH, FEFBEPIXILF—DHEREDEEICEURELEEEEIRT 3
EFEPHUWRHEROBREICHDEATWET,

Since neutrons have neutral charges, they are measured by being converted into
charged particles using nuclear reactions. An appropriate nuclear reaction is selected,
depending on the neutron energy. For example, the °Li(n,a)T reaction and the n-p
elastic scattering reaction are used for thermal and fast neutrons, respectively. We are
developing new measurement methods and detectors with better sensitivity to measure
neutrons precisely for conditions such as neutron intensity and energy distribution.

ERIRIEFIEES
Neutron standard field at AIST

e

RUIFL>
S U RRIER
Si detector Polyethylene

R BT LEBIET 8 E
Recaoil proton proportional
counter

EHMETFREDHICERI NSRS
Detectors used for fast neutron
measurements

EE  Collaboration

(1) BETEEELICRIT 2B ERBE S EICNIF I LDBHEAEDFTEL DOFMEZTHEICLET!

Knowledge and experience with radioactivity standards to allow the evaluation of the uncertainty of tritium

radioactivity measurements.

(2)

EREPETOARETEREL. KURPEFRIBREORBOPEFREFMERELTVET! ?

Development of high-intensity measurement technique to precisely evaluate neutron fields in BNCT hospitals.

&3k / References
| IMETREDBIE A E IMETES R E B OKIE, HEHR 38-1, 9-12(2012).

neutron source, Appl. Radiat Isot. 127, 47-51 (2017).

2 Neutron spectral fluence measurements using a Bonner sphere spectrometer in the development of the iBNCT accelerator-based
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EFMESBICLDERTIEBEOTEFPEREFE — LAZAWEHEMR O IFHERMORREZT>TVET,
Fie. NAMEOEWNMNED X IR - BEFZAVWCEHIEREDORREE., IhSZRWT VY7 SFDOZMADICARE
HLHEHTWET,

Electron accelerators generate high-intensity neutron and positron beams, which are used to develop
measurement and evaluation techniques for advanced materials. We are also developing portable ultra-compact
X-ray and positron inspection equipment for infrastructure.

BTk T Xk BEF. RO FFRIRRE

Keywords : Neutron, X-ray, Positron, Material analysis, Non-destructive testing

FREF 0 4T B2 T Dl

Development of neutron analysis technology

BFIMRBNSERT 2HUEFE—LOEIHEMOEEL" . ZnEALE
IHEM R DOIERIE DT O R Z L TWET, BRDBVWFEFTH>TEH, FHEFZ
RE1S ZNBEET T E2HA REEANDIET. REUCHELBETEET,

We are researching advanced neutron beam control technology and non-destructive
analysis of advanced material using neutron beams. Even uncharged neutrons can

efficiently irradiate the sample using a guide tube with an inner wall reflecting neutrons.

HRiEF E— LT MR
Neutron beam facility

[, %58  Principle, Feature
P FE—LEFBURIERIEAX—I VT, SYATTT—FRET IV T

YIAA— IV EERNTVET, SYATSTT4—kld. PHFE—LOMEE B o

BH U0 FEBRDBENSAA—I VI ETSFETY, FHEFIE X R \

LHBUT, SREBBLYT KREBBLICOMEENBD, X §AX—J> = x
JERBNAIEREBSIENTEXT, BABAENSBETHIET. 3RTH ‘ o
(CT) #BBTELTEET, TSVITYIMA—IVTETR, PEFOERE Tr—

DREFRREFHENEL TR ILICED, MROBROBRELZONH,  BEFITLAEATHNE 2xxhbs
BRTF VM IPOTHREDBEREBEFILTEET,

Non-destructive imaging methods using neutron beams include radiography and

Bragg edge imaging. Radiography is an imaging technique for materials based . ‘-;:‘Eg@ﬁ:éﬁéﬁﬁﬁ
on neutron permeability. Since neutrons are more permeable to metals and ‘ U@“i'%;) ;Qbh%

less permeable to hydrogen than X-rays, radiography provides complementary
information to X-ray imaging. Three-dimensional images (CT) can also be obtained
by imaging from various angles. In the Bragg edge imaging method, measuring and
analyzing the neutron wavelength dependence of neutron transmittance, makes TIVTIYIAR—=I VT E

it possible to image information such as the type and distribution of crystals in  Br299 edge imaging method
materials, crystallite size, and strain.



ARE X RIFBIRRE R MO

Development of portable X-ray non-destructive inspection
technology

HEBED—RYF/BERBEFREAW /N TEEAD R X &R D5
e, FWERBEOHEEITo>TWET, BIFREULLIIRE X &FEIE/\y 7Y —EX
BOTEETH D, BNRBEICRITZ1VT7ITZMRE,. RABKRERE CERTEEXT,

We are researching and developing non-destructive inspection methods using
compact and high-output X-ray sources using coniferous carbon nanostructures
electron source.

Our portable X-ray source is battery-operated and can be used for various types of
inspection, such as infrastructure diagnostics in the field environment.

BETF TR DR

Development of positron analysis technology

BETFE—LOFEEMOBRE. Zhx AWMU NEREFMEDHRE LT
9, MEBEICBEFZRHL. ZOMEHRICEITZBETF - RINOZUVLDER
ZHETZEICIDBEF YA XDRIEPERZTT D ENTEED,

FBBETFRERSERMAZAWVINBEEBZRREL. AIERNTEEZ. BE
BECBELTVED,

We are developing advanced techniques for positron beam control technology and
evaluating defects and nano-voids using positron beams.

Atomic-sized defects and voids can be evaluated by measuring the lifetimes of positrons
and positronium in materials.We are also transferring measurement technology using
compact devices to companies.

BNE X SRREEORY ~
Robot equipped with
ultra-compact X-ray source

T —

BETFE—LFMAER
Positron beam facility

R—=57 I GEFHMATEE
TPSA Type L-P,

5 g2 RG]
Example of technology transfer

¥ Collaboration

(1) hiEF - X iR - BEFEFEFE-LZESNICHAT I 1=— 75K TY !

Unique advanced measurement technology that can use multi-quantum beams : neutrons, X-rays, and

positrons!

(2) PiEF - X BEAVTHEIRBEIFBRTIA—I VI HMATEELT!

We perform non-destructive imaging analysis of internal material structure using X-rays and neutrons!

(3) BEFZRAVTHHRRICERLRF~F/ V1 XDEREFHHETEEY !

Positrons can be used to evaluate atomic to nano-sized voids, which are essential for material development!

2Eik / References

! Pulsed neutron-beam flux with the supermirror neutron guide system at AISTANS, Eur. Phys. J. Plus, 137, 1260 (2022).
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X 80/ UL AL — —ZDBFE — LEER LA XA—Y Y, CT. SESNEEDERIFERORREE, «
VISPMBOFBERE, L—F—MIHE-SUV I EHEELTOERL - HEEEMREESTVET, *
EFSAILYHESDI-BTE — ARERMEZONELEIR, X 8§ - MFRAO T RTRIBKT, BFEOIF
L — 5 ZOMEHERET, HREAOREHERE OMRBEELILTLTES TNET.

We are developing analytical technologies such as imaging, CT, and ultrafast-spectroscopy using quantum

beams such as X-rays and short-pulse lasers. We are researching on their practical application as non-

destructive inspection methods for infrastructure and products, in-process monitoring methods during laser

processing and so on.

W F—T—FERERE. MIFEZFIVT X REF. TV
L—%—. MEHRIRHER
Keywords : Nondestructive testing, In-process monitoring, X-ray,
Neutron, Terahertz, Laser, Radiation detectors

X RFOEFE—LICEBIEBIRA A —TI 0 T il F

Non-destructive imaging by quantum beam such as X-ray

MEEBNDEW X RBEDEFE—LZFMALT, R - BEEFOAVTIP
Bt - REFOFWIRAA—IVT (BB, U, BAME) KifiZRELTL
Yo TEDHD_RITRHB PV FL—YRBREDERKMERALTNET,

We are developing nondestructive imaging (transmission, phase-contrast, and
backscattering) techniques for infrastructure, batteries, and food using quantum
beams such as X-rays. We are also developing two-dimensional detectors and
scintillators.

FI., 8  Principle, Feature

X RERESEE O REETIRE I HIC. RBEYYFL—IEMEREFELEL
foo TNUF X RERIRNICERTZYVFL—FERETXYZIET, YVFL—
YDREKDENDZMFILET, cniCiDBEEABEN D RKERE ST Ty MR
JVBL X SRR HHEBR ORARICHIIUE Ufee flicb T RBDHIE FIBIESE (GEM)
DRFFEEHTFRPEIRILT — XBERWA A=YV TADIERBREDEDTL
ESE

To achieve high spatial resolution in X-ray imaging, we developed the partitioning
scintillator technique. By separating the scintillator, which converts X-rays into visible
light, with a partition wall, the spread of the scintillator’s fluorescence is suppressed.
In addition, the development of a glass-made gas electron amplifier (GEM) and its
application to imaging using particle beams and low-energy X-rays are also ongoing.

XIRARA—=I VT DHE ((a) : R,
(b) : FAFmR)

Comparison of X-ray imaging (left:
conventional , right: developed

technique)
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Schematic drawings of (a)
conventional scintillator technique
and, (b) developed partitioning
scintillator technique.
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EFE—LREER

Quantum-beam generation technique

BFE—LNSD X - TINIWWEDODEFE—LRERIM. HREFRMEL
FEEPL -V —CLEBFIMEREMFZRAAELTNED,

PIZIE. FAFERDI-Ce AEIEBMMm. BAEHEK. BEZTHLFIAARERE
DEAMENBD. FHROEFRMBELTENTY,

REUCNEEFMRBESTRIL
F— X IRRERE

Using dielectrics and lasers, we are developing quantum beam generation techniques Developed High-energy X-ray
such as X-ray and terahertz beams from electron beams, new electron source source based on compact electron
materials, and electron acceleration techniques. accelerator

For example, Ir-Ce alloys under development have advantages such as high melting
point, low work function, and availability in low vacuum, making them promising as
new electron source materials.

BENIVAL—Y = &BL——IMIREZY) T &R

Monitoring during laser-processing by ultra short pulse laser

L—H—IIThROEZFI I EMZREFELTVED, Zhickh., IO
HEAREICULEED, MMIHAL—Y—&EADRRBR T« —R/\y IDAEEICRD £,

FOIOICRY T IO—TAA—I VT EEENZINTRAL —— (R 7)) 1Tk
SMEOREE - EFREOHEZELE, KEE (fs~ns) 2D lc7O0—-7H%T
BEIIEM " ZHERELTVET, RAEESEHCbRBLTVET 7,

We are developing monitoring technology during laser processing. This can eliminate
the need for post-processing evaluations and provide rapid feedback on the laser
conditions for processing. KT FO—TAA— ISk B SIC
A technique, called pump-probe imaging, to observe the morphology and electronic DRAEDITL —H—BEHLDERE
state of a material by a processing laser (pump light) with a time-delayed (fs~ns) probe  Z1t '

light is developing . We are also trying to develop the pump-probe imaging technique ~ 11me Vvariation of reflectance of SiC

. ) ) by pump-probe imaging after
2)
with polarized light ™. pump laser irradiation '

EE  Collaboration

(1) BR. IXNMSELSERSAVIFTETHROY A I ZMDLBWIEHREAXA—I VT &, HAE X RBEERERSEMS
HHICLT, EXROBERICE>TWEEIFZRELSILET!
We make non-destructive imaging available for use by industry, regardless of the size of the object, from food
and industrial products to industrial infrastructure!

(2) SRE - SEIDORVWRERINIOLHIC. HIAFHHOMIPDOELEE=F ) VI TIRMERFELTVET!
For high quality and high yield product processing, we are developing a technique for monitoring material
changes during processing!

&£k / References

! Ultrafast pump-probe microscopic imaging of femtosecond laser-induced melting and ablation in single-crystalline silicon carbide,
Applied Physics A, 126, 795 (2020).

? Ultrafast time-resolved single-shot birefringence microscopy for laser-induced anisotropy, Optics Letters, 47, 3728-3731 (2022).
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RAERDOBEGRIARMPBEREZMALT. HRIYT7IPEXEFOREMTM TRERENMN - 0T H - R
BFHRZARELT. BEEZZHI LI, BREETEASINSREMRIOFHERM ZRAELTOET,

Our group uses cutting-edge image measurement technology and ultrasonic waves to visualize displacement,
strain, and defect information for the health assessment of social infrastructure and transportation equipment.
We also develop evaluation technology for carbon materials used in extreme environments.

B U=k MEEHE. IMRRRE. L-TTBER. XPNFE

Keywords : Material evaluation, Non-destructive testing, Laser ultrasound, Optical method

RO—>ZEiRIc LB EMEFHA

Displacement measurement by drone aerial photography

VAV I Fa—3]

$:1ff ~ Technology

EFLEPTIZIVINAT 7« ZFRUIPED 3 RITIARPERA -
OF ANz ERICEHAICEZEBRETAIAE 2 AT S5icko—
YEFRENALT BRINMBEZITASRMZAAELTVEY, KAl
RO HDEEY—NDUBEH ST TEV BILEE TEHESINOHH == R M - M - )

EZERLUED, S
RO—>ZRICLBEDIZHEHA
Measuring bridge deflection using aerial
In addition to image measurement methods that can accurately measure drone photography

the 3D shape of an object and its displacement " and strain distribution
using moiré methods and digital holography, we are also developing image
stabilization technology using aerial drone photography. It realizes image
blurring compensation with sub-pixel accuracy based on the phase change
of reference markers with a regular pattern.

BSR  Outcome

KO- EROBREGEGSNBEORRICED, 2/vRp 30 S 707 R B IRRI R
A—=NL EDOBRZENRIC. RROEM VI BIchHED sampling moiré method
HEICHEHRTO THEIILTWET, AEAMTICED, AAFHREMEDH
BHR<IED, KDZLDBRTIURA—NLA—F—DicHEHRIAH
HEERDET,

By realizing high-precision image stabilization through aerial drone
photography, we have achieved the world’s first deflection measurement
on bridges with spans of 30 m or more, comparable to conventional

displacement sensors. This technology eliminates restrictions on the

BROIzhHEHRAIDIREEEER
Verification experiment of bridge deflection
millimeters in a broader range of bridges. measurement

camera's location and enables deflection measurement on the order of
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L—HYBERICLDIARRBORE

Inspection of inner defect by Laser ultrasonics

L—Y—EBICL>TEEYZLDEBE R ARl QEBERREGHF]
BERL —Y—BE KA D AT (AD) ZRAUCEGRERICE > TR
SNEHBENERISEBNICEERAT SEMERALTVNET,

L=¥ERIT A

L—RBEKARICEE
Laser ultrasound visualization
advanced Laser Ultrasonic inspection system, thereby contributing to multiple system

Over the decades, our group has been committed to developing a world-class

industry sectors to realize a safe and reliable society. Recently, we headed in the new
direction of Al-enabled inspection data analysis.

RRMEIO SR O STl i
Evaluation techniques of carbon materials in extreme
environments

REMRHS, FBERMOBEPEMELOBHRTOERICEVWTERRRETH
WENTWSTEMKETY, ZOREMEORMCEMLREDZRYEDREZRLIE,
BMLEESZRUET, TOERYEZET - FHERTZREFELTVET,

Carbon materials are industrial materials used in high temperature environments in i ¥ T

REMRIOEESRAR

High temperature tensile test of
developing the measurement and evaluation techniques for these high temperature carbon materials

properties.

the manufacture of semiconductor materials and steelmaking processes. We are

EE  Collaboration

(1) EERHORMBERETESL—VETREEZHAEL. EREBZEDTVET!
Development of a laser ultrasonic system capable of detecting defects in composite materials and promotion
of collaboration among companies

(2) RO—YZREF/HEAAIICLZ IV 77DEAFHDHESREREZBIELTWET!
Aiming for social implementation of infrastructure displacement measurement using aerial drone photography
and hand-held cameras

&£k / References

' Displacement measurement of concrete bridges by the sampling moiré method based on phase analysis of fringe pattern, Strain, 56-
6, e12351 (2020).

? Point defect detection and strain mapping in Si single crystal by two-dimensional multiplication moiré method, Nanoscale, 13, 16900-

16908 (2021).
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RIEREZOFZZESEBMBE LU THRHINTVWS T /MRBEDRREICEWT, ERRIMTEARZEHA - 217
R OMBEAREZIToTVET, o ERZHPRIEEZYU VI KINTOBFEEZONBICEITTCRRAZES TN
9,

We develop novel measurement and analytical techniques for promoting development of nanomaterials which
lead next-generation industrial technology. We also develop techniques for biomedical diagnosis and
environment monitoring toward their practical implementation.

B F—7—F 1 EEN. TOBIEAL Y. KAX=IVT BEEZFUVT
Keywords : Mass spectrometry, Process characterization, Spectroscopy, Optical imaging,
Environment monitoring

BEEfthEORFEE T /FHANDIGH

R&D on mass spectrometry for analytical measurement of nanomaterials

BENIMETIE. PTNRYVED (1) [MBAAYOER (2) SHEBAAYODEEE D (3) BEROKEA AV OEH
Mo, EZEEORELBETZTVET, HIIIL—TTE REEFE—LZAWVCEESTRINOMERELZDICHEZE
HTWET,

From analytes, mass spectrometry (1) produces ions with or without fragmentation, (2) separates them, and (3) detects each
of them, thus determining and analyzing chemical species. We develop and apply novel techniques of mass spectrometry with
different types of quantum beams.

1A VbR E T/ BT

lonization techniques for nanomaterials analysis

BENICRIDAAVERDDIC, AAYREPIIRT—AAVIREZRWN
fehiEERERFEL. RE - REH - BREEOF/MEDHOBEICERUET,

We develop various excitation sources to produce ions by an ion liquid beam, a
cluster ion beam, etc. for nanomaterials analysis such as surface, interface, and thin
film characterizations.

1A VREE—LFREENTRE

75X 05—kl EiESFOBERIT Mass spectrometer with an ion
Fragmentation techniques for organic structural analysis liquid beam
TNV BEREDERE N FEELERIFICEVWT, [ AY
DFRZI NI D EREFIBUICEENITICKDEERITEDR R R g ﬁ i i N
ZEHTNET, _CH o{/\H/ ‘ /CH\C%NH Hs/c\
. . l Fliz .)t” ‘ Cl)H ||?2
We cgntrol fragmentatlon of gnalytgs tol conduct primary structu‘ral v-'r 2 .o@ ’ Ty
analysis of organic molecules including biopolymers such as proteins " . *,' o
by mass spectrometry. ’; jl F | Ho Loy
| O

SR EE N TR
Mass spectrometry for structural analysis
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Applled Nanoscopic Measurement Group

T/ HRMERTOEADETE - 5347 - FHEFEOHFTRTE

R&D on analytical methods of nhanomaterials processing

AV L BMERCERRGE S/ MR ZERPOIEPREDERN - %
R AVRREDEHR - 217 - FHEFEORALISAZTVWET, S5l R F/R
DOREFEC 7O RGO EDICHDORE - FE - FEROMPES - BEREDE
BYTU7INT—5 BB U E#BITZiToTWET,

We develop and apply macro/microscopic analysis while processing
nanomaterials such as oxide with ozone in the gas and on the surface.

We acquire, integrate and analyze various materials data to support
novel nanomaterials development and process control.

HiE - IRIBOZH - E=YY VT RITOMRTRRF

R&D on biomedical diagnosis and environmental monitoring

FHDTHEZEFBUICREAX— IV T T OMERFREFE L DEFZEEINAD
ISRZEDHTNET, KETHDAOREGEHPIDE FRmiIEE 2 HHEE TRIE
IHEFRMEMOFREICLD, EFEEBREOHELEENETZE D HRETIX—
IV FBHUWREBEOHEIIZBELE Y,

We develop deep imaging techniques using optical coherence for the application
to biomedical diagnosis. We develop optical wavefront shaping and quantum mimetic
techniques to establish a novel principle of highresolution optical imaging in scattering
media such as biological tissues.

o

B | bes e
EREEAYV Y THER L SivI—/\E
DEEALIR (ALO; EE) : (L) 74 nm
(F) 100 nm.

Ultrathin oxide films (Al,O3) on Si
wafers by an O; gas at a high
concentration: (top) 74 nm
(bottom) 100 nm.

AR NVBET S

WBAX—I VB
Intensity-interferometric spectral
domain optical coherent
tomography (I-SD-OCT)

EHE  Collaboration

(1) kRFEFERWERTFROFRI VNI RBEOHEMEHAS,LELE!

We found that hot hydrogen atoms affect the peptide fragmentation.

(2) HeHE7OERATERSINE Si0, ¥ ALO; BEDELEOENISEERSMLELE! ?
We characterized such ultrathin oxide films as SiO, and Al,O, improved by their novel processing.

8E3iHk / References

Formation, J. Am. Chem. Soc. 144, 3020-3028 (2022)

' Hot Hydrogen Atom Irradiation of Protonated/Deprotonated Peptide in an lon Trap Facilitates Fragmentation through Heated Radical

PRMEAY Y AHRETF LY ARRROFEREE AV RMERMEL. RELHEZE, 62, 433-438 (2019)
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