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Hrho, , BWFNFRE; &&—MTE-1, 15010
IBENLEL; d RFETCF IR . S5y FondE K
BB, LS TIEE S BBRT ts £ /2. 2 &
g A FAEXFRYED: o7 'H (K)o, = —H (k). K,
A58 B F 0L 1 AR ALK 23 DA (B, —E) I 200t Hh
B Ex(k) = +,/d2 + d2 B,

55 A 1 b BRS04 ) B 0 B R B Y e 1S A
Et, FEJEK RGN T FLRE S 25 A A Mg (198145461,
L, RGERAFAEAE KRR, RGN AR
B2 JadlE RGE W B B0 R, A SRR S
AN BE MRS 21 11 30 5 2R 40 0 e 1 RN bR A S5 o
ZORS R AR TR R R PE I, UTEAS B A
BN IX A AEAR i RRE T BB HE SR T . 2 d 55T 0 A,
HRAE B = e* (kA H), K A 1 Bk 06y 2% i i H (k)
USSR AR AR I R 2 e H(B) -

0 Ri(B)
a0 ")

X BA FHEXRFRIERARIEK R SE, A-AT s Bi4h T

A ity 60-61
w=-—7

in [arg R (B) —arg R_(B)]] s,

B R (B8) i GBZ Co TRV RBIARRIR DLE 1Y,

(2)

Hwh 0 M, RGUEHMELE. TR RGP AT
TEAR MR B RN BERIS I NI A Hw
SEART A, RGURIAMEF L. TR R RS
A AEF S MR IR N RERDN R AT M .

3 3% b AR xt

H5E, N TR AR R RGEANME S By Jm U
B, AT AIES RS 5% (inverse participa-
tion ratio, IPR) 2169, X} F—AARMEZE ¢, HifiZ
SEHIR=Y walt /(X )", ndem
RN, YIRS i A, I sR A A e
FIA iR b, S REA% S B RS R B T 5 &R
SLiRG SEURR . R, 5 5K 5 R R
I, RAFHR, 2 58 ET%: IPR~
1/L ~ 0 (LA s R 1 AR S 2 R AR
H1 T R EURIETE RGE R A b, D pR B Jey s
BN ZRGE ROT G RIM Y e 2 38 2 A% A L.
R, Jey s (19390 2 5 R 25 bl G ROT R3S R T
EF 1A FRAE. QR sk e 4 Ja e — A S
|, B ARG R A 2 5 R 1L, 25
FEA] DL F (R AR U PR SRy el

Kl 1(a)—(c) et T RGEAL THRFMETF L
A, WS FIFRF T FLAS B RETS LA S B> RE S X R i
PR TPR.HH ] 1(a)—(c) AT UL, TCit REeRE Ak
THAINSIR AL Tl ARAES R E0 IPR AR
TAHRM. B 1(d)—©) 4tk T 5K 1(a)—(c) gkt
X R A HE ZSE 2 18] 4 A . Ani&] 1(d)—(f) iR, JF
A BARNES AR 0 TSI R A R G b 5 L.
R, RGN A AMESE R RS, REAEEE
JEK R JRASNY

WS 5200 T REMN BN AMES TR
WAL O T kDR R G R AR JE K IR AR
THEE 2 53R (MIPR) 1) BIEATA G X Ry
3% 2 5 R4 {A

2L m |4
MIPR = % 3 DAL .
= (30 )

V- 143 2 5 4T L) e b S W 2R G TR AR
DERN R, v U LR SR ek
RRALCN SR EE . (8] 2(a) 510 T v = 0.4 1), P 2
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K1 (a)—(c) HIMEFILE, In A FIHTNF LA B RERE . B0 7R BE 5 %) L (1 s LY TPR. 28000 (a) t1 =045 (b) 81 =
1.58; (c) t1 =2.5. (d)—(f) A HIXT R (a)—(c) PITA ARIERESE B0, HRMSEHR: v =04, REMRT LA 80

Fig. 1. (a) —(c¢) The eigenenergies of topological nontrivial, critical and topological trivial phases with different parameters: (a)
t1 =04; (b) t1 =1.58; (¢) t1 = 2.5. The color denotes the IPR of the eigenstates corresponding to the eigenenergies. (d)—(f) The

corresponding eigenstates in real space for Figure (a)—(c), respectively. The remaining parameter is v = 0.4. The length of the lat-

tice is 80.
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Fig. 2. (a) MIPR varies with t;, other parameters arey = 0.4 and L = 80; (b) finite-size scaling of MIPR for different t;. The
green line corresponds to t1 = 0.4, v = 0, and the other lines correspond to different ¢; with v =0.4.
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Fig. 3. (a) Phase diagram in ¢;-y plane. The phase is topological nontrivial in the red regions, where the value of BBC ratio is 0.5.

And there exists DES. (b) Rppc varies with the disturbance A . When the disturbance is zero, the value of Rppc is 0.5, and when

the disturbance increases, the value of Rppc jumps to 1. The remaining parameters are t; = 0.4, v =0.4 and L = 80.
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SHHM t1 =04, y =04 K L =280.

Fig. 4. (a), (b) Energy spectra under the open boundary condition. The red dots are topological zero-mode. (c)—(e) The eigenstate
wave functions with different disorders d. The black curves are the bulk-state wave functions and the red curves are the zero-mode
wave functions. The disorder strength is: (c) d = 0, (d) d = 0.5, (e) d = 1. The remaining parameters are t; = 0.4, v = 0.4 and
L = 80.
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5 (a) FHWS 5K ST LIFRE. frag&xtiit) =04, HPaE3Md=0, y=0. AL d=05, vy=0.
HABB L IR REARF d, v = 0.4. (b) P85 53R (MIPR) B L ¥ 3% d k. B8N t1 =04, vy =04, L =100
Fig. 5. (a) Finite-size scaling of MIPR for different d. All the lines correspond to ¢1 = 0.4 .The green line corresponds to d =0,
v =0 and the red line corresponds to d = 0.5, v = 0. The other lines correspond to different d with v =0.4. (b) MIPR varies
with d, other parameters aret; = 0.4, v =0.4 and L =100.
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Skin effect in disordered non-Hermitian Su-Schrieffer-Heeger

Liu Jia-Lin  Pang Ting-Fang  Yang Xiao-Sen = Wang Zheng-Ling '
(Department of Physics, Jiangsu University, Zhenjiang 212013, China)

( Received 10 June 2022; revised manuscript received 11 July 2022 )

Abstract

In recent years, a large number of novel phenomena such as the breakdown of conventional bulk-boundary
correspondence and non-Hermitian skin effect, have emerged in non-Hermitian systems. In this work, we
investigate the localization of the eigenstates and the non-Hermitian skin effect of the disordered non-Hermitian
Su-Schrieffer-Heeger (SSH) model by inverse participation rate (IPR) and average inverse participation rate
(MIPR). We also investigate the bulk-boundary correspondence ratio of the system. Based on the above, we
further investigate the effect of disorder on the non-Hermitian skin effect and the topological properties of the
NH system. We find that the disorder does not destroy the localization of the topological edge state due to the
protection from the topology of the system. But the eigenstates of bulk are greatly affected by the disorder. In
the presence of disorder, the eigenstates of the bulk will rapidly extend into the bulk. Thus, the non-Hermitian
skin effect is vulnerable to the disorder. When the disorder is enhanced, the non-Hermitian skin effect will be
greatly suppressed. We also show that the disorder will reduce the energy gap and imaginary energy of the

system. Our study contributes to the further understanding of the non-Hermitian skin effect.
Keywords: non-Hermitian skin effect, disorder, inverse participation ratio
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