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TAEH 7 212 X iR O TR,

(5) Pk T TLIRTE OFEFE & AR ZKIC TI & ORI,

BEQHEDL S HURBb TS0 7255 777 = >0 bR Y vifighins 5
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(6) fMbnx v JEHE & OAMIBIfRE. 227

(1) EARERRICE > TRENTROEETH L. NV
FrvT Ty VIRBOEENRIERD 1 DD KT
DSTST Y ¥y 7 ThHahH NVIBREREDILST Y D
W CTOBTIREEE~ Y ¥ U705, kb EHEMITIL
¥ x v TO5H (B HwEE) EFoTy Y TOH
WaRFEHL, ZRITTIOFAEZ EAMT B A i
STS THIUTANY BV Ty VIREOMHERD TR TH L. KX
5(a) O STSIXHNEM TOMET, LrdFry 713
—TRBEVDTIDOR Y Y IHRNHETH S, FHIZ, HEHh
3% FEOWBEROMK T-L 7T 72D b RIVEER
MNEIR TNV Fx v TR LTy VTENDHL S
MEE L TEIME =7 0574 v 7 BT h, 2 E 2
BRSBTS L LI, RTIORBEN 2 M5 LT
R A FREE .

F/2, LUz D IEASNS SOLIZBHiTHEL 75
7 = VIRFIRT- OMERR, ALFHEE % 1T TR %
DT, 4) OWHKFINF A— 2 OHIE L LIHTH B, Bk
T DALFIRRER 75 7 = v & DALFREE DO E L b,
Wu 5 O CTHib Iz 0s, I ORI, 5503
BT v WAL R ETHEISHEIRTO ZRIC THRREFZH A
RWIZHIFRFTE 5.

I, (6) DMOBILRIZ X 5Ty VEFRHB O REN

LT, 2T 2oD¢trivial BTy Y TORRICHNS.

Yacoby H 3 HAM - 27T 7 = Y ORI 200nm DL v Y
CBWTNY FRYF S VI X BBT (7 —8—%) W
LADHPFAEL, TEM N CREGEE L © X 208K
Iy IV Vak 7Y VERPHBBETAZ LR RERL
T3, GeimbbRAKIC Y7 72Ty VY3
7y VEREBIGETHRL, BT 5137 D zigzag
Ty VIREPEL )G o CT—IRIGKRIEZ/EL WM & %
FHL TV 5.2 wFhd Ry EIRHE SN TV ARVDT
REBRE IAREIZEZ L B0 LN whs, 25D k1
WEEPIEFIE DO TINS OMRIZEETH S.

3. HbHUIC

VLR, 8% 58 344 2> 3% F2 5 O BiyTes PR T 158 C & 2
AESOIZF/-B VHIE T 7 2 VHBAZRITTIC R Y
QSHE Z/R_$ Z & 23l L7z, IKEHF 7 ¢t % i o 724k
L FABERE T, KNI - R &2 TE L7217
AT, WK TETHE - 79720747y 7IRERO
RIFRALSFHEEZEB LB ZD 1208 TH - /2.
SHEBMEROUEBRLHIMTOERICLY, RKEkFrF 7=
YHFEORWAY Yok —L v A L ARQSHIKED M )5 %

LT 7 =% 7 7 F v ~OIEHBR IR S NS,

—RICTI R TIHBIRERE NS, 7)) v FEEH T LT
ZoOWNmSHICH B FCTHAHYITF TV F
DSHE FEAE T B A5, TITIE 2 W25 SOL 253 U InAs Fll 5

6
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LG EaR Mo IR TE R ERE PR Y VETEy
b HEBLZBHMESBETON TS 7Y TITH
BRZDO—RITALIIES T H720, B8k I h%
B L~YaIF 72V IF rafE, Litamiiih e
DI & FFIC RS HIIES NS,
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Topological Insulating States in Graphene with
Low-Amount Nanoparticle Decoration

Junji Haruyama, Shingo Katsumoto, and Taketomo Nakamura
abstract: Graphene played a key historical role in the development of
topological insulators (TIs)—materials that exhibit an electrically inert
interior yet form exotic metals at their boundary. However, realization
of the TI state and quantum-spin-Hall effect in graphene devices has
remained an outstanding challenge dating back to the inception of the
field of TIs. Graphene's exceptionally weak spin-orbit coupling—stem-
ming from carbon’s low mass—poses the primary obstacle. We experi-
mentally and theoretically study artificially enhanced spin-orbit
coupling in graphene via random decoration with dilute Bi,Te;
nanoparticles. Remarkably, multi-terminal resistance measurements
suggest the presence of helical edge states characteristic of a quantum-
spin-Hall phase; the magnetic-field and temperature dependence of the
resistance peaks, X-ray photoelectron spectra, scanning tunneling spec-
troscopy, and first-principles calculations further support this scenario.
These observations highlight a pathway to spintronics and quantum-in-

formation applications in graphene-based quantum-spin-Hall platforms.
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