BeRIERBRES

SF244F8 A
KEHRF AEEEAN BARAEFEMTHEE

A FEFMER



SRIEEE « =« = v s e e e e e e e e e e e 1
I, EEE - =+ =+ 5 s 0 s a na s w e e e e 4
I, PRGBS « = = = = =+ v = x w s e e e e e e e 8
1 ] 3 T T 12
V. BFZEEJE « = = = = = = = = = = = = = = = = » = = = = = = = 15
V. FIDEFDEIHE - = = = = = = = = = s s s s w0 s e e e e e e 20
VI AMBRL s » = = = = = = s s 0 s 0 0 0 0 0 0 0 0 e 23
VI 2 EDRY = =+« ¢ v v 0 s e e e e e e e e e e 26
BIEEEIR + « « = = s s w e e e e e e e e e e a e e e e s 31



BARPHRELE SFHEHARER HRIFDORE

EHHE

DFHEMEME. P FRESFODIEAREEBEL T ZMARDHEE. (2) BEFHARSE
NDER. FLTQR)EEFA-LRAEDHEL. HEMHNRITRE 3 DOHEMAEMITTERS
DR FHEREEESILTE -,

WAEARME . 4 AR (BH-HEL FHE. AP FRE. VMES FRE. £0-8BADFF
) LEEEEC 2 DOMELEUI—BEDFURATLHAEE A—EAJ ROE VYA 4R
=)W oY P FRZOMBERETERL TS, MAT, BEARREMRAEEICHRESN TS AR
BIRIER 22— (ExCELLS) ICAEBZHHLT. # FRZEDH S MLRIEVI—DEEIZF 5L T
5. MEEZXIETHEFELTIL, BIRENAHATIES (UVSOR) . SHERIEMR 21— #am Y
A— EERREFHEL. ZRZOEE (L. HMEAICATET 2B E LM REFLDOIH A THYIL
2TLV5,

. EEm

NFHZARAOEE (L. ARAMOBRKOFFHEENFRAABE~NDIREEZE LT HER GE
=R, ARER. AENEERER) . IRBERBEDOAS . XEFA - HRAREARAADE
BICHATIEEFHEIIODLVT.FTANDEZETHERSNEESE. TLTIHROBIRRUE
IR (BFEZEU) N EBRSNIBEREESBITROEMICICLAIREREHERT b, I F
HEtE S RIC(E. EEEMZPOICEROFEMEE CFREICHT 2ERERETS, SHIC
DLVTIE, 2019 F 12 BIZHFHEEMAF ERBREEESEZMEL. KRECKRILICEART LHEF
MR UIREZ V=100V =,

BEMIEETHEBDE TERIN S (5T 8 ), sHltERIE. HRADEE CRRT HEFFF
. AREBICHLTIIFMRBEERELLTCOEEDENFEICREIND EERE (VM58 10 4.
AE 11 B) X, P FRERUVZOEESFOEMARENSER NS, BRRVEESE
FEIXFTNSE 11:18 DI TH D,

MEARE-SHFESFHILEDI-ODBELLT. MG 3 #EBEERIEFE AL EHEERE
ICLHECRAREERELTOSEL. BARAREARABBICHRESNTOSHEFRETABLSE
BEOFEHIZLY ., BYHIAVTSATURERIZEIT=KHE [XBFEIN TS,

OI. izt
NFRENBHEESITIHWETHERIN., BN HEESITOIMEMELTHALEREER
(FTW5, P FHERPBFRUVEET IRELFOEBN-RELIEE T IFREFZZELTL
5. FICEFOMBKENDSIFTLZSHFTERME—THS,

DFREDHFODZMARMEL T ARABIERLUEZL DR ZAREEKREOHETICE
HL. AMEBOILTEIZESELTE 2 FHESHFOEBARAAEL T, EHBURHIEZRT
SEBMED FREMREZIETHERBIC. P FHERFOFRAMOERETBIET I,
RELBEICFAIB I AHEICHLTIARTRAVEAVMHEIZKY — EHRMEICE ST S0
CIREBZRETILE. " BFOREMEREBIZEELTWS, T . ZAEOXRETOD VD
REB|HEAELT,. EEDKFHEDFTEOMYFLHETIEL TS,

HEFMA - HRAEOEEGERIIVTNEARERRBICRESIBFTTHD HERATDK
RIERTEDOHRXELTARINTEY ., ERKRIEIBRFTHD, EEFFIRAICOLTIE, A%
SNBMIXPICHFRERBEMDORELEZREANDRE IS+ 5 TIEEWT—IDHY., §&I
FARRICOVWTHIEEICEDIDELH D,

II. EEtE
SN OMEBEDRFEEAHEET IR BEEMAESERIEL TS, BF 1~2 fRAKESN
AIEEI 7LV R IR FREZDFOM TURILFEREZERNNNSIBIEL., D FRZHEHF
DEEFBITOVTEAARBLORREREL TS, SHITENEEALEERRIBEEE
Y AVA—2 9T RELEDERBENHRD AMZREHEL TS, AERER (BN 1

-1-



BARPHRELE SFHEHARER HRIFDORE

2. BRI 2 SHEANEERM 2 8. NEATEREFICIIBEOMEETE - EEI(C
WNFT DT RNAZADNBEERBEESNTNDIED, SHHAFEFRICH=5 2019 FEILEFRZERM
ZERICKI LSRR DTl SFREEADT RN RE N,
MRFAOEMEIT, REFETHBRITHTRCBEZEREL. TINXERFXELTERHFLTH
o XRFA - HRAR|RICSMT HNEAHAREISHL, KRRV TWLEME- £FETY
BRXENFONDIIITHFNEZONTIND, 2016 FLUR, FTRAZEFE2TERAETH
o

V. fRER

SR AR OM I EERICMAT. RS RALERTHLIBIH KN LA EER
(UVSOR) . [if]i% 3 #%EAH @M D KBS ERER THATERERAR U 2—FFHEL. Cho
*2EOERFACEFBA-EREARMAERICHMLT, A2 =T OHAEEMAIZFESLTL
%, FEfE 600 HiALVEFRFZR - TEZFIAMNERINTEY. 2,000 LU EICOESFANDOHEE
MERL. FOREBELT., EfHT-Y 300 HELBZ AR/ IMNFRERIN TS,

REEERARLFBRINT—VICKIREREFRAORESRE. F/70/00—T59bT%
—LEBEDFPEERTSVRI+—L | . RAFNEROEAREIRIILF—DEDERLRILE.
TR, I HOFHBREBBNOERIGEDR R - EEMBELL THBREEEELLEA
b, e, HIEFDOEE -ERHEAZTo>TLVS,

FHEMAEZICEDIZHE . BHMBE . EHERENRESNTLSEN. HREFA-#E
MEEEERMICZIETI-HOEBEHRENRESNTHEY ., EEF A -ERAREIET HAE
NHRIZEFESN TS,

V. FInBHORIL

FEA-BRENERICBEVWTOMEREL. 2 FRESFRVUBEIARIHFERRELIE
fii-FMEZZ<DBENRELTVASEICENTOS (I PEMAEDIEEEZSR), £, 4
EHERMEOMRFICLIERFA - HRAROMAEEBZ ISGHAESN TS (V. HEER
DIEEHZSHR), AEAITEIFRLUEK. RERODFRESHEZRIHITIILEEELRIYIaL L
LTCE MEETES (BUR. BEEHLIWNITEZIR) OEZE(CH->TIL, MEIMGHERIRE
FEHRLTASEEZEZERLTE . T, NEEREZZLL T AEMICB T AR EZDOEE
bZEEL. AR FORBEERTEELIT. GREL-ARENEERFICAIEL-REXRE
ETEICRE-BEASEHILIIHFESLTLS,

MEABEETICREL. IRPFORIEIHESE TV, 2000 F(ZHREL-HIEHKES
NAAYAIVREA— FNERBMICELLT 2018 FICHBRLI-ERBIRIER > 2—IC
SELT=, 2019 EENGIFIVORTRA VAV MIEZFRAL., th REOMEEILFTAAEEL
BELTHEGMERHAZBIEI MR THZT >TSS, COM. R FRIEMEANEAREL
YU.EA®D 5 DOMHERZEERRTLARNEBLTCHE-GHARBEHOXEEZBET YRS
BEMRAIOBEFZBELZEFZHABLTLS (EMREIRAFI—TI 2020 [CERKEH
Z2ETE No. 22 L TEREL : http://www.scj.go.jp/ja/info/kohyo/pdf/kohyo—24-t286—-1-p1.pdf. B
HEMEREMEEKREIR),

VI. AMER

RERERERRFOREBHELL TCKERBBEERT HEREBIC. BEETIRFEOEE
[CHRCTHAIXRFAMEELLTKREREZZITAN. RERODFHRHEFESHAEEDE
BICRYBATNS, BETREZECLETORIEREIZHLTIY—F 7L RV (RA) EL TR
BRBEETO>TWS, £ ARFIAMREOBRFESFTEO—DEL U EFHEEDZIEIZRET
B0 E . TR DBEBHMIZHD FRZSFOZMEDERICIRYIEA TS,

PFHERABFATIL, BIREBIOHRBFEEREZLETIETEVRBEEZRL, 2322742
ZLDANMEEHLTE, SO EHBDICT TITESIZ 8 £, IR 23 BEE L THEHBDHK
EMNEGRELTWD, MM LIRS IL—TE2EETHEBIROEMIE. 28 mH 5 38 MDOEFH

-2



BARPHRELE SFHEHARER HRIFDORE

REZZAL.BE. ABFHED 66%0 4 BUT THS, £-. NEAHAEE 14 B (B1% 2 4.
HEMHE 1 A ELTHEE 1 R)HBEELTHEY. BRI REZSOEFHARBTORALER
[ZHEBAICERYEEA TS,

THMEEITRE 114 (FrR 1. EHR 2. B3 2, B EE 1. AR E 5) NEELTEY.
LHE-AREHD 10%MHET 5, BEXARSEHBEE~NORYBAH. FICTFET-NEDOH
REICHTEHIBELT. BRICRBEREZRELTWLWSIEN, SATRT—II2EHE TR
FHEDBLDILFTEZEDH TN D,

VI. #t&EDEHY
R—LR=UHOTLRAN) —R(CEIAERRDLHEHEEHTIND, & 5ic, TR
JiE ST IE T — M AN B 75 LA~ O FehEER 0 R IG. M TE e & L 72 & i K
ARy P~ EEL T, TRADLEBEHZEIELTNS, A—/IN—H LIV RNARX
DJ—IBEADHBA. /N hEROBHRBAEEFREL-EIFT—ORE. BERBREBTOARE
2t AN, BMEZEAVOEVIANDHBAILGE . BBTRARTERO/NMNERNOEEEZRETD
FRARGBLANILTOBEMEE ICH AL Tt s &8E LTS,

FEBE I REEEELTRERESNSIAIRNUINTERI—REREL. B0 BB ZEIC
KBHERFAREEZR>TIS, 2019 EENSIFEHRDO R ELENEPHELEELEETS
A—ToA/R=23 MR T SBEER BRI EFH LI, HRRENRDON D SCImAIA/N
BEARL—F—OMRFAREENICHEL. HEAZED-HEEERRUVEZERXRA-AM
RENMEDREICERYIBATIND, £z, XEBRZEF/T0/00—TS9bTr—LBERUKE
EERRRFERYET—VICELREREFAORESENNUSALLT, RETEDHER - #35
FREBBRICZ T AN TS,

B HECH

(HE]
MRENFREBBICEZTEDLD . FHONRERVEBERODELEHEL TS, BF
RNOBIEBBEZRIT. ARFTOEEICHRIFHEREZEL TV D, 3l - K5 E. £EH
R, EIR. . LMICESHEZEE T HEMAEFIC, AFEHE, 5l - AR, BIR. HHFE
EZHELTH URABEBZERLTHARIDEREERL TS,

KEBONRILEO—HFIELT. BARETHEARESN TSR E TIT>BRRZBLZRUE 4
EDFHFHEEL, BBEVELLEVREREIIR—LR—DIZHBEBHHE, A—ILGETHE
MTBHELELTz, FTRREBRY. EIE 3 #HEICHBODZERZKNIEICEEL, BEOBEME
DREZHE>TLVD,



BARPHRELE SFHEHARER HRIFDORE

FAON-EEFHFHOT. EHRASFICETIEANOHARE IS A =TI DEREZREKEAT

BEEIATWSHCZE

[(FLE8RR)

O HRFIA - HEMEDOEEICHAT IEEFETH> T, HEORNMBELREHDLDIZD
WT., SZBEORDERBICHLEeEAKRE LT, OLZRMBEDEE. QDL DREER
RERUVOQUAN TEDMEEDREADELEHIENEZECHBT I EEZEREFE
E. DDZEDHNEZED 25D I UTTHSZ &

0Q LIEDAFIA, BERSNOMEEIZI AT DERFIBEL., BYICKRTESAH - &
BEH-o-TWAI E

OB HMEFHEITHAFETARVUAREDOREFERA~NDOHIGIZET EFHINERINSE,
BUHEAVTSATUORDPEREINSE=HDRFNEREIA TSI &

OB HRFEFA - HEMEDREEEZZL BRI OBEEMRENCHEEL ., BHEAREZDMD
LZMBADHBEUNDEDZEDHNEZEDHD 25D 1 LU ETHAEBOEERTER
NMThhTWBZ &

[BC&RERER]

(R T H8R] 0D, 0. O1. O®

[(REL1-E4E]
AN IERAF O TICHERNEESN TLSN (B RD)
2. NMEEOEKIT. XRFIA-LRAREE L+ DICEVEREZEITE ARG TGS
(BROD)
3. FMAZI2a=TAOERZHRAFARZDEE ICRBEELEEANEBHEINATLEIN (BRRQ®)
CHREBICETATETARVARBEOTEFEA~NDORGICET HEFINBEEL TS,
FERIERFERVZEDERIKL (B EQ)

—

N

(F3)
1. AANEEEFEFIOTICHRANEESN TOSN (BRD)

BOREEER - FTIROEBMBICHLLAEHAZAL. MRMEEICEIIEEZEREHEETIIHL
T.HEEEZZETEEENODBHAEZTONSEFHNES TS, M D ChbRE
EOLWEW R R MR EEZMRADEZICRBRTETD,

DFRERARSFISHLT. FROEIRAREHEET S ARTFORDEREEIEFAMD
BRETHCE. ZLT XAFA-XRAPARZBEL THARITFOMREUET 5. 7 FRIEFEH
RATISREON-RETH S, FIRTRERRVERR(FREEZETV) TERRSNIERKEBEDEE
BT HARFOEEICEHIIEZRTHENRNARET 5. INNoDERIL. BRI EAVEERE
BLTAHOEEICRREND,

BEROKEE. AEMEE (ST HFMEFRMABADRE THS, BEMILNBERE THEEIN
%
o EEEM MEMEELAIIHT HFFMEFREAABANDIZRE . 4 B2 THER,
H7E. RETEXORESE. REBEHMRORBARAORESE. BEERMATFOMBENSERS
NTUL3,2020 F 4 AIREDEFER 1 -1I1277, PHIFEOETIRRIZEHDET 1~2 &£Z
CICHRFADIRREER N2 ISR EZX V12 BRSEDRERLERER 1 21277,
® WIEER: N FRZIEEDFVERND 2 BOEETHER. ETOREREETEHIIRLT,

-4 -




BARPHRELE SFHEHARER HRIFDORE

BFEOMREBHRNREEZ LTIV FEERIBFOMRAEZRBER D ICRRSND
(i I _3) o

o SNEANEEREM: N FHREFBFCHENIGICHINEAMESE 2 2 TER(EH 2 F), R
FOEZERVEMSTFORRDFMEREZ 12 R [ -4IHENEERER 4 LR R
Z18#E, FHlEL R—FRAFEE DV TR FRUR—MRUVR—LR—UTRRLTWS,

xI-1EEBEHOLELRE (2016 £ 4 A ~2020 £ 8 ARHE)
EE B GEMRA=OZRX SR EIGBELE) (2020 3 BET)
EHE 1517 BXLHATEUER SATBEMBEABLERDE £ ALRTTESRRIZYNF—TTFE5747)
(2020 £ 4 AHB)
b B (BALHEADRFEFT KRMHEHRE)
B S (ERAEMMEHRRR %42)
A B (A MPEEASABLSHER S870—)

= [ -2 EMREOMERE
2016412 878 SFRERAEFROEEZIZODNTOHRBALFTRNRE, ERXH
2019F 12 A9 H~11 H EREMEESETE
EIRZBEZEESOHREED 2 XIEHR—LR—I (2 FH (https://www.ims.ac jp/publications/
report2019/710.pdf) . EEEFH>THORFB LN ZH EEBBOEEAICIEEEMREICHLTTR
NARZEWEEZWNWTWS, - 2 EEMERPDEE A, EEZEEESDOREARXIZDONT,

# [ -3: RN E R U< ERE L 8k
Hrvoje Petek CREIEYY/N—5 K2 #i2)
g 2 (BEXE HiR)
20174 4 A3H~6H
2017 %12 B 26 H~27 H
20184 4 A3H~4H
20194 3 A28 H~29 H
2019512 A9 B~11 B ERZEHEES
202055 A 13 B~14 B #2514 & TRME

=I[-4:-5ENEERBER AR
Ron Naaman (A RSIILETAYIUFZHAER &)
2016 %3 8 2H~3H.20185% 8 A3H. 20195 12 A9 H~11 B EERLHEESL
Peter J. Rossky CKESAAKREZEARFEZMEL HE-HiR)
2017438 12H~14H.20195% 12 9 B~11 B EREMEES
Benjamin List (FAYETYIRTSUORRMER k)
2017411 A13A~14H.2018 4% 11 H8A~9H. 20195 12 A9 H~11 A EEZEHEES
Eberhard Umbach (FAYEJ1ILYTIIKRE FELR - D—IILRIL—IIFKE T¥ER)
20184 2 A 27H~3H82H.20184 11 A10H~16 B

BESBOREL. AEFOEERRICHIIBHLATBOHIHTHY . BEMRERIS2=T(DE
BTHRASND(RI-5 EESHEZELE) . EERBICE AFEENRRVLARHAREMER
EMNREBESN. TN EEEZECAZTEZRREIHRMOLELTOASZTESZEITL. &R IEHEZ
FTRICIRET A (R 1-6IHERLER) . ARAMRFMAZERE XAARLZATDOEERVER
[CHRAHEFHEES,

RI-5:EESZZEREQ020F 4 AMSEH25)

ME —B RBRERERIFHARR HiR (N)
BEFHE—F RRAZAZFRIFZRAMRR HR (N)
BAR F AHEBEAFXRZRIFHER HiR (N)

wME 7 BEFHRF-#EAKESRICERREE FEWES
BN HE FREKFARFREFEARH &R

hH EE BERBXFEIZME HiR (N)
FE EH PRARFEIZH KELHR

B3 IEB RERIXKE HEPERMRIRIER #HiR (3%)
BH B— AKBRAZAZERERIZHER iR (N)

-5 -



BARPHRELE SFHEHARER HRIFDORE

Ot #  dBEXFEFHRR HiR

OHIL 5% HTHEWRF HEATLRTFLRRL U E— %Ki (3t)
RE FA STREHRF £ - BASTHEHRER %3 (A - H2E)
T B HTREHES ER - HESTHEMEES %Ki (A)

Bl BE HTHEFER 6 - @S THERRES %8 (- ZAE)
IR STREHER BH - HESTHEHRERS % (A)

A #HE SFRERRFA A VRAIEVIHABRRtEUY— iR
mEE R— DFHFEHARR LEGRREEtVE— R

BE B ATHIHER AP THEHRES 203 (A
#E ET STHEHEN BH - HESTHETRES 208 (#)
WA EE HTHEHRT BHEHTORTLRRELS— B (3)
L FE HTHEHER NESTHEHREE %8 N

(OFR. OBIER. ( MRBAREEREHMEEZR. (B FXARAAREMEZESESR)

& 1-6 AZEZMRMAELR(ASFTREZHYEZERFAERE:2019 F£E)
AEEEREM BB 1 (OORTRAVIAVMIR) BT 4 OLRBABRBAE 1 #. REEMERE 1 #.
SORTRAVIAVMEE 1 #) EEHER 2 4. B 8 4 SHLAFE BT R 2 . REEBHRN 3 ). BE
iR FRELIR G RRAB LK)
ZERBFEEN: ASRENR 22 AGLERSRH 150). ABRENEER 23

2. NPEEDBHEE. R A-HEFARMEL TS ITEVEREERTESLEIILZOTLSN
(BrO2®)

AERIEHER: S FHEFRFOXRAMA- XRAFRCHRIEEL, KCEHAI21=Th
SOBERERMT ZEFHIDTFIATOA TS, HEIDBEI%5 2REM-E 8IS DB
FREDHAIE. 2 5D 1 £BA TS, XARFARBORREBHT SEAROTNEE
250 1 ISEALN 0, SHEEERAROMELEETS.

HEFMOEZIZHTIERIL. BRRVEEREFZRCHEIRIND, BRHIEE 84, 2 THHNEET
BREND BEEREIIFTA 11 &, 5t 10 BTER. CNOZEK DAL, 11:18 T, Aot
ZENBEHEZLEDS. BRI ILZIIBNDOELAEE, SOIEEBMICIE 2 BOEERIS
DEENEEND RIEORESE),

BEESEOFNEZEEDEEZL. ZEEERIBINELTEZ(RI-7), COSEEXPFRELF
[CREETZERNODHELZTI-EETHRAINS, EESEMNZEX. BEZESMILDER
F+RICRBLIEEDELG>TWNS, ARFIAZEEOFIREIZERDEEZRER(RI1-8)I2H T
[IFTAZEDHEN 2 57D 1 ZBA5=8H. FDOxEEHE®RIZEEL=,

RI-7FLFERZBREAEL (M 13 K. TR S R) LHBEFR

#H BE KBRRZAZERIFHRER HiR  BiREER
RH —% EWMBXPFEIZME % c BREER
&  FEEBREESFNRER CeMSHlmk - BREER
NG KRR BHEXZFXRZFRIZFHMRR HiR c BREER

#H EE RBREFAREREBEFHRE KR  BREYYEFR
g BRE AEEXZERZERIFHRE HiR : BAYEES
BH EBZ REERXEHMUERER #HiR : BAYEFR
g w7 KRFIAZAREREBZFRVER HR - BAYEZS
XE %4 BLEEHEARSAREHRERLS- TV 74005 : BARSER
e BH RRIXKFEFR HR L AFHER
KR fith tBEXFZFRZREZFHER HIR XERLSEERFRE - 9FHER
hiE RE KRXZFXRZFREFHER HiR CAFHRER
o #— BEXFRZFREIFHER KR CAFHER

MNES : %, A, @&, BR. B
®1-8 FHBDEEZERICEITOREMA

UVSOREBEZAR (HRE 1 4. INER 9 A FINER T A). HHHERRL S BEZAR ERE1 4. N
ZEIABBNER4L. TNERS ). BB 4 BEZAR(ERR 1 2. TNEA 8. FINEAS B). B

-6 -



BAMPUMEMEE 2 TFHERRR #AREFBORE
MREEXZAR(ERE 1 4. FNER 24 . FNEES5H)
3. FMAZ1 =T DEREZXFAFAERDEE ICRBSEHHMANBRSNTLSN(EHROD)

BORIHER XRFMARRDEZFZNAZA =T DERET2ITRBRTESLHEAH
Blsh ., BROBESFEAEISOVTOERBEIRNHYEATHOA TS,

EESEOERMEEMEERICL T, ARABICRIFEDEENITHONATNSIZL., EES
BALSETEERRICIHTIBZNTHNTLVS,
-9 AFAREMEE SR 2019 FERETE
BEGH 5 OENMNEER 2 4. EEEE 2 14)
R I-5BHDAVN—ICNZ ., BFE—BHAUEERZHER) . KN (RRIEXRPHIE) MEZR(BHEREHK
). AW, BhER. MBS0,
2019 4 fE REBEE . E8IE/NEES8HTA. AZELC8H19A~8 A 28 AEEES
2019 £ [E #ERIRHE . F 76 @FER 10 17H
2020 £ A @AEEE £ 02 R/NEES1A20H. AFXE4S 1830 H~2 A7 HEEEE

UVSOR RUHERZEMAE LU A—(X, FMAZI =T AIZE-TRIMELHVLWKREERTHY . TNEh
B EEMOASA T/ DEENSHIMERNDEEZESEZEL. TOEERVFEHEICHTIER
EEEE(CITo>TLS,

R I1-10:UVSOR RUHENMEMELLI—DEEZE SR 2019 FERMERF

UVSOREBEEZERX (5 74E 8 A 23 B. % 75[E 2 A 21 HEAME)
VHBEEIH—IVYLDZEE. 2)F R S OFREDEBEEDEH. 3)NOUS DIER. 4)BLTB DSHEDFE. 5)iEs
A—H—RITOBRBFRBEORH., 6) (FOSE2TO0D0Ih, 7)PF, HISOR &0 3 BRI L EHREEZEBENDHRE. 8)
UVSOR FEEEIZ DT, $REGBAN TSNz, BICEBARAEMRBYRI—T I 20200 gt 2 E BRI —
JUZREDIEEREDOEERYET—Y . AMBROBIEICOVWTERIEN GEIN T,

HERSHMEL 4 EEEEL(EEIB 4B, F40E3 A 18 HERE)
HFEEROMEFTRITOVTHRE . RYAR/OAVRZICRIBART 21— /L BHOKREMERSEELEEY
BRPHESDIL LIFICOWTHREN ST,

4. FREFDHICETDIFETARVURREDOFEFERAANDOHIGICETHEHFARBEEINTNSD
(BRQ)

BOBREERER  AERIERRICOVNTIE, BABMFHARRBICEDI T ET A ERRBCAYLGA
o, G 3 HETHIEL TS, B FRZEMAMICTERLEZERZEHREL. ATADEREMH4IZxE
LTS,

s 3 HERAEAR EFE AL EH EERZICLIBCARTBEEREL TS, FEBLERKRD
ZTOEBKRELUTIZRT,
= 1-11:FIEFHIEBREZBAS D 2019 FERERERE
INSGAAVNELETHES:6 A 13 8
MEEREFER -BREFECHTARETAIZRSHAS:9A18H. 24 H
DA EEDOFREFEALICET RV TSAFoRAFE:1 A158.22 B.3 A 13 H~31 B (BZEX I e-learning)
FEBBITHITIRIL—I . FEER. RERBESETELEDHAS:4 A 150
RI-12: BAMFEAEEEICRESNTOSRETAKBIERZESD 2019 FEFENKR
REHEFAKEEZABREEREHESETABLEESR(E17TED:7TA 11 A

MREBLEDREITAZHLET ODERGEHELT, RELARF AHKEEANBAREHER
BICBETAMRFH LOFRETH~DRIGICE T HRIE] (TR 20 FEHBRIESE 74 S)AEHLN
TS, EOICHFRBEDE 8 FE 2HICEIE, BANEHRBBICE T OHARIDLOFETS
[T 2EBHMBOLIKEXRFAMEEZA AR EAREBICRTOIAREH LORETAICE

-7 -



BABEMERE HFRFEMER HEIEBOWKR
FTHRBMEOREBIZEHLN TS,
2019 £ 12 BICH{ESN-ERBZHREELSHN LD BEE@ICDOLVTOLR—IET,

The administration and operation of IMS, as well as the process of recruitment of researchers and faculties, are transparent to the
research community to meet the fundamental mission of Inter-University Research Institute Corporation. Also, IMS maintains
communication channels accessible to the researchers of molecular science so that IMS can adequately consider their opinion for
better operation of the institute. It is essential to enhance cooperative researches in IMS with outside scientists in various established
sub-fields of molecular science.

At the same time, it should be equally important to explore new directions and encourage collaborative challenges between
researchers with different expertise and knowledge to create new sub-fields of molecular science. IMS should have mid- to long-
term strategic plans for future initiatives along with new directions and make priorities in the use of its resources. It will be helpful
to have an informal board of people who can give thoughts to the director and the senior managers of the institute to decide which
areas to focus on various possibilities. They may not represent the majority of the molecular science researchers but should have
specific views on what would be the promising fields to pursue.

The effectiveness of administration is an important issue. Senior faculties of any major institute in Japan are now required to
spend a significant amount of time and effort for administration. As a result, they are challenged to find sufficient time for their
research. Their commitments are necessary when an important decision has to be made. However, they should be freer from other
administrative duties such as institutional research, some aspects of public relations, and proposing funding agencies. For this to
happen, one of the critical elements would be the addition of one or more talented university-research-administrators (URA) who
can handle such tasks as collecting information and analyzing statistics of the relevant research fields and communicating with
community or funding agencies. Since the URA system in Japan started relatively recently, only several years ago, those in the
early stage of the career need to have a senior partner to consult.

The employment system of researchers has changed dramatically in Japan for the past twenty years. At IMS, internal promotion
used to be strictly forbidden. However, a variety of career paths with various degrees of independence for young scientists is now
available with successful examples. Such flexibility in hiring and promotion would be generally encouraged.
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IMS was established in 1975 as a research institute under the direct control of the Ministry of Education, Culture, Sports, Science
and Technology (MEXT), aiming to become the center of excellence in the scientific field of molecular science. IMS now belongs
to Inter-University Research Institute Corporation, National Institutes for Natural Sciences. Many Japanese researchers in the field
of physical chemistry had been a member of IMS, so that IMS has produced many outstanding physical chemists.

IMS has worked as the core research institute of molecular science for the past 44 years, conducting cutting-edge researches,
joint-research/joint-use, holding symposiums on recent research topics, and various issues, including research environment, and
organizing projects such as research equipment networks for leading molecular science research.

The researchers in the field of molecular science demand both standard and cutting-edge equipment for their research. Owing to

the reduction of the budget in the national university and less supply of liquid He, the standard equipment is necessary to maintain
the research activities and to support researchers. Also, cutting-edge equipment and facility, which a university cannot manage, are
essential to promote novel molecular science.
The large facilities in IMS are UVSOR light source facility and computational center. The low-energy SR (<1 GeV) is an essential
facility for solid-state scientists to determine the band dispersion, which cannot be covered by laser and other facilities. It is of
importance to discuss the benefit of UVSOR for cutting-edge research in addition to the common usage in the scientific field of
chemistry by comparing to other world-wide SR facilities.

Since IMS currently has Yamate campus besides Myodaiji, it has a more substantial area but a smaller population than in the old
time. IMS needs to make a strategy to involve external scientists in the activities in IMS; for example, the quantum chemistry and
computational school in IMS should keep attracting students and academic and industry researchers.

Looking ahead to the next 50 years, it is essential to continue the discussion about the direction of IMS as the core research
institute in the field of molecular science.
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Based on high reputation of IMS in international research communities through their world-class high-level facility as well as
research activity known through journal publication, IMS annually organizes Okazaki Conference in which prominent leading core
researchers in Molecular Science are invited from oversea countries, while international and inter-institutional collaboration
symposia are also organized both in Japan and overseas. Furthermore, between 2018 and 2019, 22 participants are counted in IMS
international internship programs, two students from abroad, in addition to nine foreign internship students participated to
SOKENDALI Asian Winter School, and over 100 researchers are counted in the international joint research program and global use
of facilities program. These facts show IMS's high reputation as an internationally well-recognized core institution in Molecular
Science.

To build up further the high reputation of IMS as an international core, for example, it may be suggested that at least one or two
regular faculty positions in IMS are intentionally assigned to non-Japanese scholars who can facilitate diversity of IMS activity both
in Japan and in overseas. It naturally implies that their research activity would be published in every IMS annual report so that IMS
diversity can be recognized internationally. Since IMS has already established close collaboration with many European and Asian
institutions, including universities, IMS may exchange sabbatical leave programs so that their faculty can work in other oversea
institutions in a rather long period to promote deeper collaboration in research. Foreign faculty naturally invites international
students and post-doctoral students from abroad, and he/she also assists the mixing of talent internationally.
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The required mission advocates the ideal situation for research resources. This is quite common for this kind of statement. When

assessing what is happening from the statement of our mission, it should be acknowledged that the IMS runs shared facilities that
are too large to be managed by a single university, and at least intends to perform maintenance and the appropriate renovation of
the facilities to promote active use by the scientific community.
The Report from the DG of IMS addressed the various scales of large shared facilities. Among them, it may be necessary to discuss
in more detail the two largest facilities, UVSOR and Computational Resources. High-power computational resources are distributed
across many places in Japan. The hardware development is mostly performed in the industrial sector. Therefore, the academy
comprises mostly of users. It seems not so difficult to keep the computational resources if the appropriate budget is secured. However,
a synchrotron radiation facility like UVSOR developed in the academic sector demands each managing institute to provide operating
and developing staff. If the IMS plans to start a large-scale upgrade of UVSOR, the current number of accelerator personnel is far
less than will be needed.

Each Inter-University Research Institute Corporation has a mission to manage the shared large facilities used mostly for academic

research at universities. Significantly increased demand from industrial communities would always present a challenge for these
facilities. The IMS should scrutinize the present situation with UVSOR to determine whether the current management scheme is
appropriate. In particular, global competition is growing in synchrotron radiation research, accompanied by an accelerating technical
revolution of light sources. Much more frequent upgrades are required to keep up with global trends.
More open shared facilities, notably including the industrial sectors, are supposed to be the responsibility of National Research and
Development Agencies like RIKEN (SPring-8 & SACLA, K-Computer), JAEA (J-PARC), and QST (New SR facility in Sendai).
These agencies, like the IMS, are overseeing the operation of shared facilities (customer-oriented service) and basic research (pursuit
of self-interest) simultaneously, without making a clear distinction between different managing principles.

A thorough examination should be necessary to make the different managing principles compatible within a single institute when
the IMS decides to conduct a globally competitive upgrade of UVSOR.
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IMS commits itself to cultivate new fields of science, particularly in molecular science, which is achievable with new ideas of
researchers in IMS and enough funding to realize these ideas. Also, recruiting researchers with potent capabilities is necessary. IMS
has provided an excellent opportunity for young and talented researchers to make their independent group. The validity of this
system can easily be recognized if one considers that many former IMS associate professors have obtained full professorships in
decent universities and work as leaders in the field of molecular science. The spirit of this IMS continues in the term of the current
Director-General: IMS has recently hired talented young researchers as associate professors such as Drs. Kobayashi, Sugimoto,
Minamitani, and others.

In the coming several years, several professors will be retired. Thus, IMS meets the time of necessity to reform the structure and
prepare for opening new fields. IMS and its community should survey the current activities in molecular science and related areas
to plan future directions for IMS to cultivate. IMS should not hesitate to hire non-Japanese scholars if it is needed for fulfilling this

purpose.
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IMS has been very successful for growing, particularly young researchers, for example associate professors. As stated earlier, many
former associate professors of IMS have been promoted to be full professors in decent universities and institutional labs. A symbolic
example is Distinguished Prof. Fujita, who used to work as an associate professor in IMS, is now a Professor at the University of
Tokyo and the PI in Division of Advanced Molecular Science in IMS.

In contrast, IMS has been struggling to have graduate students. This is the structural problem in this country, and has not been
changed and will be challenging to change in the short term. The decrease in the number of students in Japan makes the situation
even worse. As pointed out during our discussion, IMS should recruit international students who are highly motivated to do Ph.D.
works in molecular science. For this purpose, IMS needs to have the right tactics to attract international students, including the
advertisement of the institute and preparation of special scholarships enough for international students to live in Okazaki.
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For an Institution like IMS, it is a top priority to focus on cutting-edge scientific researches. However, to get general public
support for the institution, it is essential to share their research topic with the general public in plain language that is easy to
understand. For that, it is good that IMS is hosting seminars for public forum titled “Molecular Science Forum” four times a year.
They are also accepting group tours to show the model of their vast research machine. Such public relations should be encouraged.

Also, the program like TILA consortium, connecting the top research to actual industry for open innovation, is essential. To
advance the concept further, IMS may be willing to have some industry incubator program so that researchers themselves venture
into making startup companies. The activity like the TILA consortium may lead to further innovative activity as potential startups.
Large companies would be willing to invest in such a startup by sending engineers as well as providing seed money needed.
Researchers at IMS could be CTO or top scientific advisers while engineers from a company being CEO.

If it is too much deviation for IMS to take the road toward making their own incubator, it would be desirable for researchers to take
a post of scientific adviser for such startup companies. Many companies, either large established companies with a new project or
startup companies, can appreciate such help.

Mentioning about the effects of basic science on our society, it is not apparent whether or not basic science will provide an
immediate impact on society. But a study like quantum simulator work by Prof. Ohmori’s group could potentially offer us a massive
benefit to the future of our society by a deeper understanding of the quantum world, which may lead to the advancement of quantum
computers. Although the work, such as Prof. Ohmori’s, is the basic research that may bring us breakthrough knowledge, society
should not look for a quick return.
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