Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 14 (2025) 144205

HEXE

HIMEFE IR KRR

wEYD x| )

EEEYY

FRHVY E A DI

1) (FEURZEERE, A E R RS0, Mt 210093)
2) (FECREE, N TREHRE SEORDME AR .G, AT 210093)

(2025 4F 4 A 22 HUE; 2025 4 5 A 4 BYEIENH)

FrED s S DR Bt vl 0 A P R IS 0 AR 1) 4% i R P 4 32 G 1, (AL 5 2 R 4 b 2 B AR B R AT 2
—AHRER. ASCER T — AR X BRI I RS S KBIEE S A 25 T ARG RiNEFEEWIEE
KRN (non-Hermitian skin effect, NHSE) A4 J5 ¥ . 1% 7 1k GE 5 18 85 M 3th o S il 4R 25 e Jn A T2 K e ik &%
N, [RIEPRFRER ) S AN 52 52 i, DT S B4 FME 2R 5 (R S A X e 4 8] L W 00 1, AR R AR &R
S B BRI AR OR . A, AR SOR RN TR B AR R, S T AR S IRSE A R B E
ER ARG T EIS TN, 2B T 1A I8 v TR AR K B 1% R R kA R A R s AL, IR A R Tl B
HEFRR A R IEUE T X —HLs T 15 1, 0758 T B JE KRG R RO A TE S R, H LI T NS e R i k.
IZALH AR TR KD B SR N F LS 6, MR FOLTF RE P E 5 00 MR 4L T H B 5 Jr 1.

KR WAME T, RIS, Yers i &3

PACS: 42.70.Qs, 78.67.Pt, 42.25.—p, 71.20.-b
CSTR: 32037.14.aps.74.20250526

1 5 =

SSH(Su-Schrieffer-Heeger) 152 %1 [l J& —fj 5
A THXFR MR B RS B RAY 7E i 2
P10 g 35 LA ML . AT N A B A
SR BRI R Y MAME S R T N RS I
SSH B AL T ¥ FMEF S, A LA 24 4h
PRI R IR FD I AL, Ry 48 = 4 e SSH LR
SCRFR MR AMAAS D20 SRR AT I 07 R
SRR UR AP NS PRTRg (2 I VR SUPIINES
# (bulk boundary correspondence, BBC), [fij j&
BA—ERNEENE. AMEERI A R IOE RN
FIAS, BOE TO R E SR, R g8 AR 43 %
PRVE (FAS AL AR TE, SRR LX), A7)
SRNT DASCHRRGSE IOFR NI RS 3 S SRR

DOI: 10.7498/aps.74.20250526

S FBRPE O AP B #h Fh i FAS 17, FE SSH B AL
BRIA B, M B,y A5 Z 0 AR 23 52 T
AR RARINE, Kb By, By #R858 n,n + 14
JUHIRY B AR 76 SSH BRI h 5| AJEJE ARG &R
UG, XL A B AN R AT 5 b i JE K S
TR, AR R G R B B 2R ek By
e 1520 AT HEA . TR R A AR B ARG AR
JEAK R G AR AR LK B IR Y, 5 28 R G 7R
S A B AR X RO RESRU, eIk
A% (open boundary condition, OBC) T, &4t
1Y AEE 5 R 1 7 55 (periodic boundary con-
dition, PBC) T WY g f- 7 b 35 22 5 P23 Ui,
A XS FRAE 3 0 45 i A A R 2 Sy A 3 i SR
M, T BB RN, oy ] SR B S RS R Y
D7 I AH[A]. 238N R FR GE R H MR B A — o 1A
FEAE T RS0 A [a] K 5 B2 AR ) AT L) 4 i

* R IR ST 2 TR (HLHE S 2022YFA1404300), K A AR SL4E (HEHES: 12325411, 62288101, 11774162), TLIA
ARBL2EIE S (M BK20233001) FIVLIRAE B SR TR (HEHES: BG2024029) ¥ B A RS

t BIE1EE. E-mail: wangshuming@nju.edu.cn
© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

144205-1


http://doi.org/10.7498/aps.74.20250526
https://cstr.cn/32037.14.aps.74.20250526
mailto:wangshuming@nju.edu.cn
mailto:wangshuming@nju.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 14 (2025) 144205

HI 53 4 MR AY Ry B (205052 i e P A 2t
Az I, A e — T 5 13,

SR, TR RS AR R R A B
B Z B P, RS8P A HT A LR 2 1 8] 1) i
Ir] PR SR A IR ) 22941 7E NHSE AR R, #idh
BRATCIE S Sy, R E B HME UTCR
MIFERIRE ST, X — RFRIEIRTAE B S M A BRIE &R
B I AT, BV E AR SR S A R T 4R o
M Z NG A B G5 250, T Pl A AR
SRRSO IR PR, 7RSI R GEREE
R MBS R M 8 D i ), e E S oK
JRBBONATIAFAEA R . SZ2 XS FRPE ORI 4+ i LS
JA K, FATHE SSH B ARAERIALh I b 5] AJE)E
KRG, R T RG A S X AR PE (R LR 3
A AL RIS AR 1), M T — AR AR
K SSH AR, 55— U S 1 X PR M AT e 4%

PEEIAR eGSO, A IPRZ Mg b FE AR e
KAAIRAEL, RIS BIESE T AN RS REA 5 2800 T4
FINPEREPEAR KRS A8 3V, 9 B
RN T MRS RS, R T B TAIRL
FAPCECHE, AT EAT 34 MR S 1 2 31
/N

2 HwHEEFRKEREMEE

AT A DI B R JE K R0, B R
AEREIIANIET 1(a) B, SEBR, L @B SRR A
R BORRR BALG, HEFRRHEG R §ik
D7 W) R RFRA T ). A B AN S 4 R — AT
J. %R GRS SR AR

( 0 t1 + toe'* )
H= i o . (1)
t1 +tee™™  2t3cos(k) — 2iysin(k)

(a) (b)

r &, OBC energy spectra Re(E) _g

() : ¢
Complex energy spectra

0.6 2

Eigen states

(f) 2.07
1.0
1.53
0.54 0.8
S 0.06 0.6
5
—0.91 0.4
—0.97 0.2
~1.04 0

0 10 20 30 40 50 60 70
Site Site Site

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

1 (a) REREREME R B, L6 /mE N A/BA S, R REON t1,ta, 13,7, Fi kR BA T WS REG (b) RS
B SERE T AT B ¢ AR MRIRL; (o) RGERY S AE I 201, B A ZZ AL AUSE Bloch S AR (4) BYZEAL; (d) BAT B EEE AR E R kAL
L ARSI, B AR D i i, AR AR N SE BB, VTR T B S S8 (o) Todh+MBEAR JE K IR A% 0L A L1, 8 A o D £t
o QAR ON SRR, B TARR TREG S RO, () BAT RO5 AR JE K RN R B8], B AR bR R AL, PhAedR h SEfEHE, H 57
R THESEORD

Fig. 1. (a) Schematic diagram of the system's tight-binding couplings. Red/yellow dots represent A/B sites, and the coupling coeffi-
cients are t1, t2, t3, and 7. Arrows indicate direction-dependent coupling. (b) Plot of the system’s real energy spectrum as t;
changes from —3 to 3. (c) System’s complex energy spectrum. The color gradient indicates the variation of the Bloch momentum
phase (¢). (d) Mode distribution exhibiting topological selective non-Hermitian skin effect, white text denotes coupling coefficients.
The horizontal axis represents site index, and the vertical axis represents real energy. (e¢) Mode distribution under non-Hermitian
skin effect without topological modes. The horizontal axis represents site index, and the vertical axis represents real energy, white
text denotes coupling coefficients. (f) Mode distribution exhibiting reverse non-Hermitian skin effect. The horizontal axis represents

site index, and the vertical axis represents real energy, white text denotes coupling coefficients.
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Fig. 3. (a) Schematic diagram of the coupling rings; (b) complex energy band of finite element simulation under periodic boundary

condition; (c) real energy band of finite element simulation under open boundary condition (n = 10) , the red star denotes topologi-

cal states; (d) leftward non-Hermitian skin effect (NHSE) from finite element simulation; (e) rightward non-Hermitian skin effect

(NHSE) from finite element simulation; (f) topological mode in the finite element simulation; (g) excited topological mode.
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Fig. 4. (a) schematic diagram of the 2D higher-order SSH model. (b) 2D higher-order topological state in the presence of non-recip-

rocal coupling rings. (c¢) complex plane LDOS at finite slab site 0. (d) enlarged unit cell schematic of the 2D model. (e) non-Her-

mitian skin effect on bulk states induced by non-reciprocal coupling among sites B, C, and D. (f) complex plane LDOS at site 288.
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Fig. A2. (a) Eigenenergy band of the 2D selective non-reciprocal skin effect SSH model, red denote zero energy mode; (b) 2D topolo-

gical mode not affected by the selective skin effect;

(c) representative eigenstate 1 of the 2D selective non-reciprocal skin;

(d) representative eigenstate 2 of the 2D selective non-reciprocal skin; (e) representative eigenstate 3 of the 2D selective non-

reciprocal skin.
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Abstract

Topologically protected waveguides have aroused increasing interest due to their robustness against
disorder and defects. In parallel, the advent of non-Hermitian physics with its inherent gain-and-loss
mechanisms has introduced new tools for manipulating wave localization and transport. However, most
attempts to combine non-Hermitian effects with topological systems uniformly impose the non-Hermitian skin
effect (NHSE) on all modes, without selectivity targeting topological states.

In this work, we propose a scheme thatachieves topologically selective NHSE by combining sub-symmetry-
protected boundary modes with long-range non-reciprocal couplings. In an improved Su—Schrieffer—Heeger
(SSH) chain, we analytically demonstrate that robust zero-energy edge modes can be preserved even in spectra
filled with bulk states, while selectively applying the NHSE to the trivial bulk states to achieve the spatial
separation between topological state and bulk state. By adjusting the long-range couplings a non-Hermitian
phase transition can be observed in the complex energy spectrum: it transitions from a closed loop (circle) to an
open arc, and ultimately to a reversely coiled loop. These transitions correspond respectively to a leftward
NHSE, the disappearance of the NHSE, and a rightward NHSE. According to the calculations of the generalized
Brillouin zone (GBZ), we confirm this transition by observing the GBZ passing through the unit circle,
indicating a change in the direction of NHSE.

We further extend our model to a two-dimensional higher-order SSH lattice, where selective non-Hermitian
modulation enables clear spatial separation between topological corner states and bulk modes. To quantify this,
we compute the local density of states (LDOS) in the complex energy plane for site 0 (a topologically localized
corner) and site 288 (a region exhibiting NHSE). The comparison of LDOS between the two sites reveals that
the topological states are primarily localized at site 0, while the bulk states affected by NHSE accumulate at
site 288.

To validate the theoretical predictions, we perform finite-element simulations of optical resonator arrays by
using whispering-gallery modes. By adjusting the coupling distances and incorporating gain/loss through
refractive index engineering, we replicate the modified SSH model and confirm the selective localization of
topological and bulk modes.

Our results provide a robust method for selectively exciting and spatially controlling the topological states
in non-Hermitian systems, and also lay a foundation for future low-crosstalk high-stability topological photonic
devices.

Keywords: topological photonics, non hermitian skin effect, circular resonant optical waveguide
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