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20134, Forster 512&N Pt (111) RELICHE
B L7 Ba-Ti-O REFERENERRBEEZTRT D
ZePmESNELE 1], COHREE. BEEE
ZEORAICERBBENRINZI L. KV
BRI DERRTH D Z ENDAREREHRED
ZEHEL, BIRILF—EFEI (LEED) T12
ENRENERIN, EE MY RILEHE (STM)
TEAF. ZARE SUEROERBEN LR D HE
BH#HIA) YT EERLTWDZENHBELEL
oo ULHL., BREXBENORFREIICOVWTIE
STM GO ZEBE P BEN R+ TH D Z D DKRE
HOE£TY,

2009, Y. Zhu o [EEEEFEME (SEM) I
FNEBERFOPERBELZRFIMETHETESZ
tEMOTRLELE [2], CO®|E(F SEM D5
BENDEHZBIRRL UTEFEMESFTOME
FICEH>THENRZ-_1—RERD F L, SEM
F. BLICHEDIOREEIND2REF (SE) 25
WTHRBRLETH. 2REFERBBIEIEFRAS
MEEFEDI100um BEICRUVET, 20556, &
B ORETEZ2REFIFASFREMOLE nm ~
10nm EEHLNTED, LIh > TROZEE D EEE
FTONM BEICRZ EEZONET, ZDf=®H, 2
REFICLZEFHREOHERZRENICAAIRET

HBEECLONTEE L

Y.Zhu b O &%, AL T IL—FDH.Inada
5 [3] % J. Ciston & [4] (L&D, SEEDPREFH
REEZE DI ENERINE LT, J. Ciston o1&
SITIOs DRME ISR S NIz 2x6 BIEE(CH L TRF
DREE SEM BR ATV 2X6 REBERDEE %R
ELELU, SEMICKDZRFABERAHRTDR
EDHBDTIN, BMYXBEZNEELEEZ L R
HORENST10FEMUENRBL TVWEIRETER
BADENELEINTET, SERICKZEFH
REREZORENRAL. HLUVWREBERITEL
LTI TNIE, RFLANILTOREBEERTOH
LWEAREIT. SNE TREERE > F-RE/NA/\—
RTVTILEEN DO THEOMNIIHR S Z DTS
NEd, AARTIE. ZTOE—SHE L TRFHERE
SEROTHRARME., FIBURME. AREIKENE
BLUOTAT7A—HRAKREFEICOWT, BRF. 2
RIEUBRFEVE. BERLEBE4OHEBZEB VT
ANE LT

SEM & LU STEM BROERI(F. BERICUINE
WBEFEZREB LU -EEESBNEFEME (HIZ/NT
72 HF-5000) I[C&NDITWE LTz, ZOEEIC(E.
AR ZEDELIC Everhart-Tornley B2 2 REF 1%
HEs, AR TRAIIC STEM BREFRESRS KO

| (©) 24 %L 2 bd
o 'qc-q {oq ‘qoq %

bd pd od pd
4 P4 pd pd b
od o4 od bd
od o4 bd pd b
_qodg_qaq _qnd _qudu

o O
pd pd pd pg

1 MoS: [0001] A5 TRIEFERIS L 7= ADF-STEM & (a) & & U SE £ (b), (c) MoSm [0001] #&EDIiERE
EOERAR, (d) XU (e) (FZNZN (@) BKV (b) DRDB LR EILAKLT=E D, (f) (€) DERIZ2RTT
Gaussian 2 ViR 2—>3 Y LEM.(g) () [THBND U Y TIROBESHDEINERLIZED,



MHERIRIERE (ADF) iRz EmL TE D, SEM
BE LU STEM BORBEESH HRETT,

9 Pt. Ag BEFHEERICKN LT ADF-STEM
LU SERDAFHRE%ZT>-& 25, ADF&RT
HREFAERIEAINHFONIMUBICSERTEHIESR
WER SN, SERTPtELIVAZ DERFHIER
INZZENBRBTEE L, REUBBRETERA
AlEFERINELATL,

RICEH#BZSiH & P SrTios 2 L T ADF-
STEM&E LU SERORARKBBEEREZITVWE LT
ADF#&TIESraZLETi-O O LADKREEIZH
BARIAYVESZANPELONZDICHL T, SERT
FEIZLOGREICHERZIY A XA MELSN
9. TREREEIPBVWEAHBELE L, £
SE&DBE(Z. REIP’HIESIEBZR S &ZNL
EgEmMmLAnwZ e, AV SR MIRBESCK
LIFEIF—ETHBDENHBLELZ, NI
SEBNARANDZVWEBRIOREIND 2 REFT
EBSN3=HEEZONET,

K1 (a). (b) 8 KU (c) IFZ N Z N MoS,D
[0001] A& T 7= ADF-STEM &, SEf&& & U
MoS,BEm [0001] #FDEAXKRITY, ADF &I
BEFESDIZIX2FICLHT S8 Mo BEFHA KD
BAEICHEIN., Mo RFICEDZNARFHIBRES
NFET, SEHRIZ2%KIT Gaussian DAV R 21—
YavEBLT/ A XEERIERLEZ AR (o)
DESICY Y TROBEDEIERSINE LIz, Z
DYV TIEMoS:DARBERICHIGEL TEHE N, SER
[ZIE Mo BFFEIT TR SEFHBEBIND 2N
mEInE L,

Ffz. 220D MoS,EH [0001] #DED (C30R
Bzl CHEE LR [K2] T3, REBEZTRT
ADF & TIZ12EIx 2R L. REHBZE SEART
F6ENHTERT ZENERESNE L, SEODE
BTENZTNORBDESZRETHILIFTEEY
ATULN, SE B&H ADF R EERTHEWREBURK
HEHLTWB I ENERINE L

FFPMRRTIE, FRFDHEEE SEM [C KB RE
BEBTUNCE, WREFOFZHHWIZIE20
HAEEERONTEDHR LB NZEFT I 2L —
YAVELLVWEBERRELRBRELT>TWVWET,
FICIE20EFERZR O/ MIEDHE TIE, LAETIR
REFEFNTHRE S NICIE20 EEXNIREDIRNIC
2WTC, BFERMES S 74— ERFTHEEZIR
THNICHEITSFEZERL THLHICLIEWEE
ATWET,
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BiZE & miReiy BTSWER fs

B4D7IL—7TlE, EREBEREAFEDLLEN
HEZRETZE2BMNIC. F—REHEZETHE
L EYERZOFEICE > TRARTFEECR
F - AFORBRREANTVET, ZOLVHES
ZEWEREZEFELZOT, FADOARIEE & REFMFEMN
D7AT Y b TIT>TVWBRARDBAZIETW
=rEE£Y,

. ZERRERAVEOMREICABEL TS
N, EEPREFREPHERAR. STM OERE
EDMFEEZLTWE L=, AEELTDIZAIF Agk
HALDKREEDFHEZ L TW=DTIH, FLR
BEFHIC SPring-8 (JASRI) OEmMIAFTEIZL T
W Wizf=®, B TEZEF SPring-8 TfT
ONTWEREROEDFEEEHEEDEERIC
BRI 2EHAEICIDEHE Lz [1]. ZAIZE-
2% JASRI CHE(FERRA RV & LIk, AHIE
FEICEENTWEEWT, BREBEENMERES
NTWESORST DRARZIZHENDF L, NN
2002F D ETIDT., EFRDAREZHROHT20
FFERDIEICHNFT, AHMICE > THHE
DIEAEDIZ. AREREENKEINT Tsai B
ELHEROKE - BEFEBROME [2] . Al-Cu-
Li RO+ v v TEBEEICEYT 2% [3].
DINT=ILKD T IL—TFHEEEZ L TW=Pb DB
TREGERBEOMAR (4] ETT, VNT—ILK

EDHRMRIFVELREL TH N, 2019FE(C
(FEFRERFAZRAL (A) [SRIRSN, Yt TIEHNF
RETVWE L, RETIH, CORRBELEZDIE
2020F2A1HTY M T, RENBHHEINIE
BTHD., 1FVRP R YVERNTHEADEEED
HBHTWEIA T, EEREZA, BELT
WEZEEDERAERRDEOHICE L2 ZORHRICE-
TELOTEN, SBAFFEERE THRIICW S
LIFoKBETERI > b LEFEA. TDY
NT—ILBERIE. Z2—RLY—Vol.1IZIBHS
NTWET, PUBRKRL E L, BHMAERERIC
(F. BHEENREE. EBRBELE (A04Y) L
HONTMEOMRICESMIETWLEEELE
[5,6]c £k LI=& 512, ZERRIREDEDOMH
REICENHELI-DOTE L& LEFKRECAEC(E

7 IREDSH—FREFE

EHRAH D . RELDHAREDZEDAERT — < (4,
HEHNERLRRE. KD OFEBHME L WS EBK
IZHR>TWET,

FEMCTREMNDBEATWRHARIFIEICIOH
D, 123BRASELHBRAREIE TV EZVWT
W3 AlsFesICHERMUEBRF ORI
BT 2MHRTT, BFE. BRPICEERFEZEAT
&, ZOEFHNILITHDFEIZELRZLEN
FEZR2ONVW ONRESNTED. FLEE
DEAEERP. BEICL>TILL BEL D TR
BENRRY 2 ARENARINTVET, AT —7
ICBET 28B4 DEFRITEDHARIEIIS PLHEIZE
DMFTWBEZAHT, £FLZITIBNTEDR
RIEHD EFEAN, SEREPNMTREPLZOLHENMNE
DEWVICE>TED &S BIEZHFFEDEVWI RN
Zh. EVWSHICEBLTHARTVWELWVWEERT
WEd, 228IF. F—REHELEMETE %A
LR T, BMEEE—OICE>TEVWA WS
HHETH, RADEZATEZD2OHOT—V
FHEMNLEZFESIZ2DI2HMNTEN., 121F
Ao BRERZMALELD. £5120F=a2—
ZILxy bT7—2 (NN) ZFBTHLDTT, 77,
WInb, E4BED0E—REBEHEDOERZABL
TEBRREADHEDOHRELZRESELTVWER
TIEFHEBLTWEYT, NNZAWEHARIEINET
[CEZLBINTVETH EFBRICITAERRME
NENnEWS ZEE, B4DBEMNELTIEIRERR
FZIFRS ZENTENIERVWEWS e B, &7
AREGDUELRSFEEFTILEZEITCWET, =12
(HMATITONEZEIDBERRBTRREIRSEL
ED). FREALTVWRVWHRR 71y T 1Y
TINGA=9hHH, SRITNOZEALLLET
EFILORIEELTVWELVWEEZTWVWET, 32
B3 Ag-In-Yb ERERRA LODFREICET
RTITH., INITOVTEDLELLTBAWEL
7,

W& L RFAERERRE L ICERBBEZTK
THEDICMA, EETEDFHERAREEE K
THLDLERON->TVWET, ZD—HIH Ag-ln-
Yb #EfERERELORY Pt (Pn) THH. SEIEH



RME [7] (CRWT2EIEKRE [8] TEERHBED
R ERINTWET, Tsai BEKED 2 Bl
REW (REFTAM) (C1E2 EEE 5 EEA 2 &
TOHOFITH. REVHRLRED STMKRIC(E. 2
D53HB1TAED2EEARICHFE#%ERITS Pn (LT
EAEBRINEFVBAII8], EESICK>T. Pn
D22DORVEVIERIC, RMELIZH S Rhombic
Triacondahedron (RTH) 2 5 X% M 2 2® Yb &
FRB LS EAD LI BRENREREBEL LT
RBEINTVWET, BR4IEIZOMEEDFTEHET
FANE LTz Pb/Ag-In-Yb RDEF [4] & Ak ICES
BEREEABRS XY AEML, ZOHDICT D
D PN ZREICFTICEREL TRT Y vILIRIL
F-HEEZHELE LU, BRORIEORER. BEFR
EDBE [4,9] LIZERD, PN HRETDHEE(E
BERWRREIRILF—HDPABRI S AIDESIC
HEDKELBEWZENDMDE LIz, RREOD 1
BRFEETEZFERLTE. RELRREMEEIHRD
BULWHEETKRHEIIENTEEY, LEAH>T. &
RARFELE T EEST-RED/NSBFHETEWT
D7 ERERL. SITHELONEIRILF—BINIE
BAATERERSEZITOIZLICED. ZLDRE
REYA F2BHIT N TEE LR, SHETEDS
NEREY A MIL2T, ERTERINLKLSC
Pn DRV EVRIZERD Yb RFNAD LS BT A
FTULMe LALAD D, STETIEIERRTREESIN
1 RENDEENCRERY A INRRDOMD,
DESIBREEYA MIETRTHI SR DERE%
18 & % acute rhombohedron (AR) ICEAHRY % Y
14 rTUL[10]. ARAZBICIE2 2D Yb BFHH
DFETH, EHERPDARDZL FEHEEE > T
cogwheel complex, stellate polyhedron [11] &
FiEN2BEI=y b (CZTIXFARDEREEEE -
TWBEWS REFICEBLT, RICAREGHLE
MAZEICLET) Z2BRLTVWETOT, BEY
5ARDYb EHHLET, RELICYbH 3 DER
M MR INET, K4DFHETIE. 20L&
SHBYA MPRELZELRREY 1 MMIAEDFE LT
ERCTRESN PN ORANGERIHLHAT
TFEY, EEZNEDERPBEANICEEVWE RS

TWBDIE, CZTHREREBETAIMELULTARES
ENMHTELIETY, Tsai HEKROEEERE
RIERTHI SR THD. FEAEDEFH RTH
VIRAFICBELTWEY, ZTNICHEEH ST, Pn
O (BREBERD) REBEZROTWVWIDEF, D
BRkTHD ARBEEHRTHDEVWSZETT, RTH

ISR ZLOERZBEEINERELC DR

LHERFICEHNET, —ATARII/TELIESR
RICEEL<, 2/ EERFICIEEET LD,
AREEHK]EH D FEA. CORKTIE. ARESE
FOBFECZNERREBBORENEVNTDH S
EEZBIELTEFT, EHEFEOEBETH D
AR EEHNIREBEZRET 2 AREENRE TN
2T CORBEAZS FKHABTBHIETHE
ERREAFEDVLZNFEZREY. HHWIEIE
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ERBORRLUOR, ERBPBEZRORFICHES
HELYUEIEESINTWS, FTE. Au-Al-Yb
ERBOEFHRARROEA (1] IC£ D, BEER
MEBSINESH-, SHIZRETIE. Al-Zn-Mg #
EmICH I BIEERRE [2]. Au-Ga-Gd EfEF& X
Au-Ga-Tb EHERICH 1T 2HKIHKFIREE [3] mEX
MEDWNI-KEOBRAICK D, EABRICEITS
BEREAMENEFTEIEEINTVS, FFMEE
[CEWVWTHL (T EFHBEICHBNRYE S A
M2 EVWS ERNABBICINNDEATNS, #EF
HRTIE, IRTOY A MIFEZEMTHIN, SV
LTI RN H D, COZEITEEL. R
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B4OMRTIE, B—H& LT, ERPRFEL
EZONZEFREICOVWTERITE, £AHRR
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3. ZNLSICRBREDFEEN MMONTW S,
Penrose # 1L [K1 (@)] LD A bNA VT 1Y
TEBICEF2BFREELANGNTED. £
AL RILF—(CHHR LI REBNFET %, BURIR
ez EICED. TNODIREIZ6 DDEL
BIRREREICHETES [4. 5][H2], 2o
DREFR2OKFICEENERICFEL. D
fBi% (% Penrose ¥ 1 )L E CEFHMNICERICETE
T3, YOOICHEELTWS Z DM D, €
AIRILF—ICHEBEITZ2INODKREE. N—7

1 (a) Penrose % JL. (b) Ammann-Beenker % JL. (c) Socolar
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BATEEBEENTH S, —AH. BOERTIE.
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A THIAWEENENTWS Z En b, BbDE(d.
BAMMEZENDELSATHLTWEZ e DD, C
N, EROEOIRILF—(CHRT 2REREL

(a) Type-1 (b) Type-2 (¢) Type-3
I /e -1 -1 1
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. & -1 1 e A
-
Ti] “/ (f) Type-6
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(d) Type-4 (e) Type-5 4“‘3 ENE
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1 27 ‘z-a
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®2 RyO—XXPAMILEYA N VT oV IERICEITZ 61
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RMLIELDTH B, —ATHRERBAITIE, #LD
Eld. RIEFRBEEICHEIN. N—T v I RDHZE
BEBEL—HLTWE I b, BRIIERTFREIC
KETDHENENTWEZ b M S [K4 (c)],
ZD=%. HEFRAZZELT 22 & T, RERED
MEBENON—TYIZAOYBOI/AORA—N—%R
220 TES (6] COESBERHBEDELI
AHRTIERENS Z ENRWERRREEDEE L
WZ %,

10E X #iiE %= 3> Penrose ¥ 1 JLZELD EI(F7=
. ERHROBECI=ZN—YILEEDRONE
SHHELMNTIEEL, £ THEAL(XSENEZ
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Interconnection between atomic structure and
physical properties in Tsai-type quasicrystals and

their approximant crystals
Farid Labib smusrikcs T BLixs

After earning my M.S. degree from the
University of Tehran in the field of Materials
Science and Engineering in 2016, it was during
my Ph.D. research at Tohoku University under
the supervision of former Prof. An-Pang Tsai
that | developed a passion for quasicrystals
(QCs) and the wonderful world within. During
my Ph.D. and under the directions of Prof. Taku
J. Sato and Prof. Nobuhisa Fujita, both from
the Institute of Multidisciplinary Research for
Advanced Materials, Tohoku University, | became
interested in exploring interconnections between
physical properties and atomic structures of
QCs and their closely-related phases called
approximant crystals (ACs). Since 2021, as a
post-doctoral researcher at Tokyo University of
Science under the guidance of Prof. Ryuji Tamura,
| try to address some of the unsolved aspects
of QCs and ACs ranging from their stability and
atomic structure to physical properties. Such
an interesting journey requires me to constantly
expand my knowledge to meet the requirements
of starting collaborations with top experts in
different scientific fields.
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Fig. 1. Temperature-dependence of field-cooled and zero-
field-cooled magnetic susceptibilities (M/H) of the Ga-
Pd-Au-Gd 1/1 Acs with various Au content within 1.8 <
T<20K [2].
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My research interest, within a general
scope, includes but is not limited to: strongly
correlated electron systems such as QCs and
ACs, physical properties including magnetism
and superconductivity, and atomic structure
investigation.

In recent years, the interconnection between
the atomic structure and physical properties of
QCs and ACs has drawn my special attention.
When it comes to their magnetism, for example,
understanding such interconnection alongside
the theoretical framework will enable us to
tune the structure in atomic scale to obtain not
only Long-Range Magnetic order (LRMO) but
also other intriguing states such as magnetic
skyrmion in QCs and ACs. It must be stressed
that recently a very powerful guideline under a
rigid band approximation has been proposed,
which has enabled worldwide researchers to
discover dozens of Tsai-type compounds with
LRMO just by following simple steps [1]. In
a similar effort, | seek to unveil atomic scale
contributors in establishing LRMO (especially
of antiferromagnetic type) that could be used as
a tool for engineering the structure to achieve a
desirable magnetic ground state in compounds
with an initial ground state of spin-glass.
The preliminary results in this direction (as
displayed in Fig. 1 for Ga-based 1/1 AC [2], as a
representative example) are quite satisfactory.
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Practical application of composutlon dataset

The machine learning model revealed five features that
are closely related to the formation of quasicrystals.

W van der Waals radius UFF W Electronegativity - Ghosh

B Filled p valence orbital I Ground state energy

BEE First ionisation energy And 53 more features...
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Composition dataset
2118 compositions in total,
1119 unique compositions
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