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Topological generation of spatially localized states by continuous deformation
of structures
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A localized wave oscillates with a large amplitude in a spatially limited
region and evanescently decays away from it. We have studied mechanisms of localized-wave formation
in two-dimensional crystals, focusing on crystal deformations, which continuously introduce defects.

The obtained theoretical results are as follows: (i) When considering spatial translations of
crystals along two directions, corner states appear at the produced corner defects. (ii) Spatial
translations along two opposite directions can produce wave localization at the boundary of the
crystals, although they have zero displacement as a vector sum. Moreover, we have experimentally
verified these two mechanisms.



¥ X F-19—-1

1. WFEBAES IO 5

JEIEE RGP FIET D &, ZORVICEENRELT 2 L3 <mbhTind, #<
WO 2 LR EBEIINESN TS DD, FORE A IAMICE S 252 L1
W#ECTHoT, TE, "R P VHEORREIZLY . RGBEREFRD A B =X DHiT-
BEENGT e —F 952 ERAREIZR D 5o 5, HliE. 1 Rt E#IEEICR L Tix
KR Ma 2 R B AT DM EE B 25 2 & C, RTELBLGE NRa U VZEiET 5 Z L3 T
=% (@), ZOBZFHTHE, MEEFEOBHBRENANTIRICEARIND, NTIRIC &
WHRAEMEZEZ DL, F 2 CORBIEKO FFRa A WE N R BSOS E L B
T5, 2O LB T EILIIEL, 2R EOEMEE~ORMAEEZEZ S5 Z LT, 1K
LR TR SN Do T F T R BIR ORBINHIFFTX 5,

2. WFFEEOHEBY
AWFFECTIE. 2 Wotbhl b o B A& [ EE IS R 2 8A L 7B 4 C 5 RTE LB 5 & PR
W EBROMBLEANLHRDL ZEEHBNE LT,

3. Mo Hik

LREOMAEHNZZERT D720, £7. 2IRITL7 4+ b=y 7R EHELIZEE L, ORI
REREETE—RBED L HIITHNDZDONZONWT I I 2 b —2 g 2 Lo T, 5bhi-
FERD D RTEALBIROER 2 HERIICELE Lz, SHIZ 2 RIBERKEIZED, v 21—
a v MR AL, HEREER AT T,

4. WFFERRE

() a—F—REONKa LR BT

2 RICRE DAY T DR MGICEN D REZ a—F —REL S, T2 TE74+ h=v 7
FEemloxt L, 3 ——RiEZEE 2 CAMRT D rREtEIC W TIFgE Lz, X 1 (a) OAMIR
FTUAWFEREZ G2 =y NELEZ X, TO2=y MEAZEMIIC TXT R TRA—/—
B EBKT D, A== OUEIFTEBERSMZEHT 5, ZOA—/X—E /BN T
(1@ IR SNAMESTOHFWARL ) ARUFIRE R 22N 6, AMIRE 2 #0571 (x J571H)
&=y FMypAlcy 7 FEE 5, FIFIC BEHROFEREEL YD) FUSERER G236,
FUREER AR 17 (y )2, =y by 7 b ESE D, M 1(@)IlREnd X010, ZOHE
(2 Ko THBRIDGLUC KPR SN D, BONTEEIIH L, & = §0EEZ(LEI RN 5 TE
E— R 5 [EA M 2 ARERIEIC L VITo 72, FEREX 1) IRT, 22 CRETR
T LOICE— RBNY REZEERT DBl S 7z, X 1(b) OF DI T 5 ESER
MBS 1 () W d, RMGOERHAERTELZO RN RS, a—F—RENRET
TWDZERIND, Ny FREERT 5 E— RiX(E, &) = (0,0) » LDDOERIZ L - T, Hl
FBRLAEEAELETBEN TS, LEORRLY, AR a—F—F— 2R 7
TEXDHZENRIN, MATENDE—ROEE MR U NVICHBTEL 2 bbhoT,
ARFFERRIE. BARMELES 2021 KB RDITTRE SN,

(a) _LDefect (b)
ey g
lm m mim --kw | & !
"R BIED] . | = -
STmmmim I: l—\'—_%—? §
e mm Jlfi-}!_; ,,,,, > i‘,’
AL aml O4cm ¢
________ %o 0.5 1.0 Min

$x éx = fy

1:(a) 27 4 b= 7 fEMmOBREFIZ L D RMOEAN, BOOFERNBFER (CLFFER 25), O a0 fEk
ZHEZELL, 1 emX1 emDa=y M/ (GEKRED) NOMEISNDA—"—EVEE X, BROREL LTE,§2ER
L. FRAMIREIR (3X T ' V) 2 -5 7208 b HM e IREIR 2 47 T e = » MW 8 S8, RICH MR sk (7 X3 &
JVARY) ZAR B 2208 6 HF MR T E Lmice, =y MydtiEBEI S, ZOEMEIC LY FROSHEI KA R L
7eo (b) A= 83— DOTRIZKT 2EEEEHOZE(, JKEDHETITT=y M EAZBIT L FXy v 7 ThD, (o)
KIfae— RIZBIT 5 a—F—RiED%EE (@, =&, =05, 8.3138 GHz), K 1(D)IZBV T, HFEOMTHENZE— RITE
J 2 ELRETH D,



Metal (b) 6.11 GHz (c) 7.36 GHz d) 8.47 GHz

iﬂ

Relative power (dB)

2"
ARl ¥

x = & = 0.5DEAMR CEE— R O—F—REDHIR REHE DI

2: (@) & =¢& =050 (X 0.4 mn, HFHEEH 4 3@1 GHz, FHEHEIERE0.015€1 GHz OMFSRA FR-4 FARE /XF A —4
(&) T EMTLZb®), 2=y PR L enX1 em, BIELIT Y v MERO 2=y M EADOY A XFETRHAKTH D,
F7o. BRMEIL 50 QOF v FTEFUC TR L CWD, =2 RT U Faxy XX 0 REICTRTEIN D ASTEHE,, THHEL T
W5, TG R — 70T, SR CHENTZREOEIR TOESRIRO 2 F|E, /Ezo|zc:tt{§ﬂbf_%>’z?ﬁut? L7, (b) 6.11 GHz T
DFEZIRBO 3, (¢) 7.36 GHz TOEBGIRIED /50, (d) 8.47 GHz TOELIRIED /317,

(2) 2 WITARTEREE DA KKBIZFAET 5 = — T —IREEDO BRI

(D) THoT=7 4 b=y I Z 2T~ A 7 0 A ) v TR L 0 FE L2, EES —H
%%&@ofwéfuyb%ﬁ@%ﬁmﬂﬁx~&@ggﬁﬁ%btﬁﬁﬁ&~yﬁ%ﬁén
o MRXT0E, =& DA OME T TN ZMEI/ER Lz, K 2@ IZERTHW LY
7»@ Flamrd, EBRTIE~A 27 A RN o FBRICKILTvA 7 iz AL, EHESG7
~7%%&%@TX%%/T6 & CHMRER R DOBELG DA ZWE LTz, X 2(b)-(d) 1345 EH
BB T HXIGT DM EHOEZERO DA TH D, K2(Db) BT, 5. 11 GHz TN FH
DIEE— RN RO 5, X2(c)7.36 GHz Tl —F—RENHE L TW5, Iﬂ@@SM
GHz (33 Ry w 7HIIAE L, KR OABZEH SN TS, LLENS, %K%%
ﬂw_rﬁioﬁ:~+ REENEND Z LN booTz, AEEEITH A mm%ﬂék
IZTHERERINT,

(3) W bR o— L MR U —DEe

B 3 (L3 —F —REBOEBRETA ST 2RO BN B LR TH D, K 3(a) TRT
Eg@% (0.4,04)Tix, a—FT—RKEOEEDTIENAOND, SHIZELINLEF L
$0€y) = (0.5,05)I2BNTIE 3(b) T/RT & 5 pa—F—REPHEICAET TS, —FH, X
3(c) TR (£néy) = (0.6,0.6) TlE, =1—F —IREE EAEIE LTV SEET B S LT, S5 A—
5(5x,$y)_(0505)7b>f>)(5x,$y)_(0606)03?%1 HREATZ L0 HRICH DR/ S T oMb
DB LR S TR DN TORE~EZE(T 5D, LD e, EEMIBT D (RiEO&E

(b) & =¢=05 (@5;_9_06

.\4 AR AR ER "llf
E:P'%?Elﬁaﬂi' )

~~
m
O
N
S
o
| 3
9]
o
)
=
=
o
[3)
(1 d

3:(a) § =6, =040, X DML 7.065 GHz | Té*i”@/\%ﬁ (b) & =86, =050, EDIHME 7.36
GHz IR D EH DN, () & =&, = 06@&%@%&& 7.36 GHz I35\ % B8 D4,



Eﬂ5~y@)kfm/—ﬁw#:—% WHEOBBICEELZ KIFLTWDZ ERShoT-,
ARG A AMPES 2022 FEKFERDICTRESINT,
L%ﬁ%bk%?%bﬁmv—ﬁm X DE— FHEITFEBEROAL DR TITAE L 2WIHRT
HY., BEARORFERMEEZRLTCND, ZOFEZHTOREEZMET 52 LT, iﬁﬁﬁi ZHN
HEMT T AEVYRT Y FUOBRA T =X LB TE— REIN « RS ARG %E 2 57
TZEEWLMNI LI, RERICEET 28 CE LTV, BERIERT Th 5, me
FZERM bR U—BbEEH LT A 2B L THLEREED, ToFAMEZRTT—4 1
(ERQAYH

4) Fry—rBITEIHN IR U VREE— FO3RE
1 RICRDERHE BN T

b, ANLRITEMZ -2z B VLT
x24T, Sy -y R
GBI TE 5, — ., 2ok
DZEMABEEZRFORTIINERDOT ¥
—VEATHEASWTEBTIEHRATE R (o)
WBISHAEL D D, ZITIEEANT
DOBEEDOXT bLFID 0 & 72 58
EREEBR L, Fv—HKHESI0R
WRITEALBRZED HE D N2 L0 )
MzBk L7,
K4@IZ74 b=y 7Rk =
v hELVERT, 202y hELE
HELZ T BN R A — X — B LB AERR L g= e
720 ZDOR—IR—FNVEELHITHIT, ¢
R[22 =y My B~ A oy @) ske T by R0 = Y b, REAOHE
NEE 2= N Y R~ AR B S BEASEER (LHER 25) . oM EAOERITEZE, Ob) 2K
5[.4®Hof?%mfj§Lﬂaimfk T A4 b= I REROBREAC L D KOEA, Tz b
DEFEN DI TZENIHIERT 5 & ot rfE s 2a——k L & L, A—/S—k LDl
T2, mEICEFROBIETHEONT-ET & EM~E/2X0.5 en WEBBI S, 4550 % FHf~E/2X
KD T3 & EARHDFNFIUCER 0.5 en WlEBE S/, I L 0 IEH 7z EHIER L
BERGM AT, ZOr, Hamaicx T-OXTEVORGBERRA—/\—LL LT D, BT
Ny \ oV L, BEUN EAIRAMBIR & U, 155 NI
ﬁif@igiééL&ﬂ%%Z%F ﬁ%w%@%%(dxwwﬁwmﬁ B 5 AT

o e JRp
e A R T d

To ZZTREBLFATRIRME—F LiRhE (@€ = 0.5, 15.152 GHz), X 4(c)iZBW\T, HOOHT
RN R R E T SNODRT DB prenre— Ficgtind 2,

BTx5, X4 FHFATRI KT

—FDH b, EMOFE—ROE =050k 2EHRIRE R LT\ D, = 2 TRMFDICESN
JTEAL L TWAERT (my MREE) RAEOLNTE, ULEDORERI Y, BEENS <7 hLfak LT
Xy T D, ThbbTFr—rENREeThd L) RERERIIHLTH, REE— K%
R 7 TElz, ZOBEDOREE— RELERT 2=y MUZX>T AR I HITH
BICx %, AR S B AYEEFEE 2021 FKFERDITTRE SN,

g ’ RES b
CEBBERT ¢ — o EEn g b D (b) Defect
RPN E BT S, FARR D 0.5 cm, -
VRS B2 BRI OB R IIZ T - ro T :I
Ty RIS L o T, REE— ROTF [ .

ENTETED, WHDOKMKE— NF | =
|

)

(¢)]

=)

Frequency (GHz

Min

(5) F ¥ —EUTHE DD KRIGE — RAR D FEERFIERI

(4) THEAT-BENEDOT FVFIN 0 TH D X 9 A %E 2 Ikt~ A 7 2 A N v 7R
WEH L, ZOREIAE USR5 ERIICIHRTZ, $ix 28T A —21Zx 2 B2 R IEL,
X 5(a) TRTEBRICTR— N 1 TOERE, A—F 10D HR— b 2 ~OFEEEEHE L
Too WIE ST MR SR, BRI OB A E 2 2 Z X 5(0), ()R, NTA—X
DL & BT, KIMREICBWTIET 4 v 70, R Tl e — 27 N8B L TV S EEF)
Roiz, ZOEBIIRMBE— RO NEAa PNV RBBEIIERTI LD EEZ LD, LvL
RINL, RUE T ENDE— NICHIET DEFIE. KT, BHE, BN Eoa =
IS, EEICGBIFTE TRV, R B 7 EN5E— FEOEMRRRMEIZS %O
Tbhbd,



-20
-30
m -40(
A
~ -50
S
-40 = g
50 o e 701 o
80 85 90 95 100 80 85 90 95 100
Frequency (GHz) Frequency (GHz)

5: (a) POHMREE BRI DORIER, RIEHEMR(E =045)IC= > FI U Faxs 2z iFbh, <27 brxy
FT =2 T F T A PITTR R R El S D, (b) DRI, (o) BilfRE,

<BIH SRR
@D Y. Nakata et al., Phys. Rev. Lett. 124, 073901 (2020).



31

2021

77-87

DOl

Ryo Takahashi, Yosuke Nakata and Shuichi Murakami

New formalism for studying topological phases of electric circuits

APS March Meeting 2022

2022

2021

125 257

2021




COMSOL Simulations WEEK 2021

2021

2021

2020

Akihiro Okamoto, Yosuke Nakata, and Shuichi Murakami

Topological phases of electromagnetic waves in superlattices of negative- and positive- epsilon materials

APS March Meeting 2021

2021







