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Quantum Phase Transition in One Dimension Generalized
Interpolating Aubry-André-Fibonaccia Model
Wang Fengmei, Liu Jia
( General Education College,Shanxi Institute of Science and Technology, Jincheng 048000, China)

Abstract:In this paper, we investigate the localization transition in a one-dimensional lattice described by generalized
Interpolating Aubry-André-Fibonacci model with p-wave superconducting pairing. We demonstrate that the quantum phase
transition can be induced by tuning the system parameters. Focusing on the case when the chemical potential approaches
the cosine structure,the system undergoes transitions sequentially from the extended phase to the intermediate phase,and
from the intermediate phase to the localized phase. The analytical solutions of these phase transition boundaries are
provided. Further more, by calculating order parameters such as the average inverse participation rate, the normalized
average participation rate,the fractal dimension and analyzing the scaling behavior,we find the numerical results are fully
coincide with the analytical solutions. Based on the above results,we confirm that the system indeed undergoes the phase
transition. However,when the chemical potential is close to the Fibonacci structure by calculating the fractal dimension ,the
participation rate,the average fractal dimension and other order parameters, it is observed that non-trivial changes have
occurred in the phase boundaries of the system, resulting in deviations between the numerical results and analytical
analytical solutions. Especially,the extended phase is suppressed and the system exhibits delocalization transition, which
induced the increasing of the intermediate phase. Moreover, our research shows that the eigenstates within the band edge
regions are more likely to be driven from the localized phase into an intermediate phase by the tuning of parameters. The
conclusion of this paper indicates we can induce the quantum phase transition through changing the potential structure by
adjusting the parameters of system. This work provides a new perspective on the study of phase transitions in quasi-periodic
structures with p-wave superconducting pairing.

Key words: quantum phase transition, quasiperiodic, generalized Interpolating Aubry-André-Fibonacci model, p-wave

superconducting pairing,intermediate phase

W #s H#1.2025-02-22.

ESWH . BEH KR EATH (11547134) 10754 ZaBF5 0 FI5 H (202203021211337) 1L GRS 3B w5 B R A A RIS 3114
R0 H (2023010,2024010,2024017) .

BIRAEE X Wi+, B2, DF5E 05 1] 5 T 42, E-mail :519033536@ qq.com



PSR 4R (AR R 55 48 £47 6 11(2025 4F)

PR S AR SRS Y B e AR RRAIE A 1958 AR LB AR R 1 &
BLLLK. AR R A B e AR B R Ge P b AT TSR, 45 J 3 W1 22 P 4% R Bk I 52 v 1) 4 i 46 % Ak
AR R BRTF R A R Ge AR RE RIS AT RS Rl ) PR IO T R G P IR AE Y R R A AE T R
M AR NATTE—4E R G h LI T —Fhiff s Ak 3 AR B R e, Ho Ry AR RRAE B A [6] 1 Jo 30 14 19 &=
45, URF T 58 &P MBENLICE R 40, WA TR Z e iR B R o HAE X B
—HERGPMEER T YRR AR

P Sy AR A AE —HEME R A R G ) SRS 1 T B ATz 5. AT FIE
W JE I 2 B AT TS, IR AE AR A B9S2 567 & B A DU S8, Anoe 1 b iR 8 71 s il Ak
FUOVZE Aubry-Andre B FIRE AR SRR 1) R A5 Sk BIL A R R o JEL I 25 4 A AT 6 JR AR R AE
SE4 AN, Aubry-Andre FEIN Ak 23y 0T o0 JC BB 0 A % sR ORI, BLA A B IR X — P AR
—HERG G| KPR JREARAE " M A2 S R AT 2 A BRIT R R I R PR R AR AR AT, k2
SR R AR T AR AR s (BT, BT A AT AR 2 TR 1Y, )2, R S IR A AR S FE AR AR S A AR
A5 B PRECER A I LS 3k B R 45 P R K B P AL 6. Roati 261 B AR VS TRFH R, G 4 i s — 4
XSGR S, D) M AE 5280 b SC B T X — AR RS B T HS O A R AL RRAE. A LT
Aubry-André PR AE I AR I 5 A6 S o RS ) 19 7 4% IR Fibonaccei 8081 A2 15 16 J0 0] HE B HE 1 RN
Fibonacei #f fhZ5H ). HoAb 23038 % M5 B8 Fibonacei 5081385 H LAY [ 52 B HIH. Fibonacei BRI T
RN ARG RGP RERA Y AW B A R, T AR RS AR 2 IR A, X — S5 SC 5 77 T
a1 S EP . 3 P A 45 R EE R R TE], (B EATTHR N Interpolating Aubry-André-Fibonacci
(TAAF) 570 [ BRI BRAB L. Goblot %' 7E#S FISL 40 J7 i 5 90UE T Interpolating Aubry-André-Fibonacci
BN Abury-André B FRR S 1) 22 IR S0 FRAR 54 AR B a2 AR, AR B ¥ IR 1 2 oK SRR R
PR SARGOKRLFET p BERCKT K p BERCO 5 AMES A RS, B0 T p i Ee Xt 5 0 R 3 i 56 4, LA R i A
WIRGA BB, A HEE R TA, Ll Wang % 78 BAT p P88 S EC A9 —4E Aubry-
André BRI R IR G L TG, B Aubry-André #5889 B Il 50 A8 B 1 IG5 X, 5 SliA 22 84T T
BT B4 AR T2 5 ol e S Y FE BRI IRZE M TP B I p B SO, R BUAE B p U S T B R IR Y AR
Gi b N AR U PR B Z EAEAT N, RGUEIRIE AR SEAS ; Guo P YERA p I M S XS 1) TAAF
AR FHEUE T 1T FAHAE R R G I T 2RO [FZE B AR %30, AHEE T Aubry-Andre #5754 1
Fibonacci B, HA p P TR B —4E) L TAAF BIRIAAI AT A A X 3 0. p B - B 5 38
fArsZ e HARAS ATh R — A R IR AR A 1)

AR EEIGE T BA p PO SR B9 —4E ) S TAAF A58 b il 1A A8 | 2 B0 5 9 15 o Jo 40 Ak 2
PHISEL, AT T R G E RS ; b2 R R R G RGEMIR G T T4 T AR |l SEAH I Jay Sl AH (4 e
AR TR 25 T I A I AR AT R A5 R B A R AR AT 45 R — 3 YAk B i AR OB S A I A
AR AT 4 A I 5, B R AR R G, R IR R b B4 i T 2 AR, B T
X AR 2 AL T 0 XS AR AR T 5 2 A 25 R A AT

1 Ak
Z JEAEAE p WO RO B — e R R e, Hs i g n] 5o .

H==] X (clievhe)+ X Vint 3 A(ene+he.), (1)
Hodr i AR S FEAR e (e,) MR F B 7= A AT, T R 40 S Dk A BRIE SR, (J= 1) A fE R
D7, n, FrREs | A SRR FRCEAST LA R p OB S B AR SO AR BGE 324k, HSCh T TR
FEJE T B T T, HESEIAS S A RE v, N

V,=Vianh[ Acos(2mai+¢) ] /tanh A, (2)

Horp o BRBEMNL, B T AR — R, B o=0; V2 HE AR BRI o HWAEABESEL ARSCHE

_(5-1)
B oa= 5

A NER P S A B BRI E A—0 Rl A— oo Z IR M. B TR -25 7O R



E R, 5 —4ET X Interpolating Aubry-André-Fibonacci FR A R Y A AR

P, AT LA P B O AR oy e i it (23X 1) XAl 5 IA—4LHERL T34 .

’/);r/r: Z [u,,,i2j+1]"‘i2'i} ’ (3)

i=1

Horb vl (y,) RSB BIRAERL T 1972 GBI SE4F , L 2 RGEHS 558, n W BERFEHR , FILF Bogoliubov-de
Gennes( BdG) 28 B A3 1 XHALE TS N
1
] , (4)

EDWATERS
Horr E, J9ER T AR BE R, HRAE AL T34 5 0 ST (203K 1) IOXE 5 R R il 15 2 BAG Tr i .

[;a A ][uj_E[uj )
A -h ) )]

Horu, M, JE RGN AMES IR X H by =—1(8,,+6,,,,) +V.8,,,A;=-A(S, ., =8, ) uL = (u,,,
Uy py ol ) 0= (V13 V0as " 3V p ) ALK BAG TR (A S) AR Bk F I AAERE R E, FIXT R )
AIERPE BB u, v, SWREGE (AR 1) A=0 B, RG BN Hiramoto AE12T) PR A v SR AR R, 2 A
BN RGEPAAEY TR AR AR 2 A R KIS MRS W I, RGN AETE MO T A BYIE R 33052
A—0 B RSB H Aubry-Andre BRI 25 As20 A—0 1}, V. IB4E ARAE YA L BREL Veos (2mai+e) , I
I RGN T HA p BB FEXTAY Aubry-Andre 81 Wang 252 & Bl R GARK A T i A2 I 7
AL A AR O V=2(J-A) , Il SAH S SRy A (4 Jey AR B 2 A8 3 A8 5 R V=2(J+A) s A SCEEHS
A0 BITEHLT A IUE R A—0 Fl A— oo 22 [A] AT REAE B 1 AH AR T 5.

G LE P 25 AT DL A AR I R R B, AR SO e e AT DA DA JRR A | i S S A ) Ja
BHFZENS5F MA— S 557 3 FH 0 A BC FRERARIES, Hii 2 5% 0 %R H

L L
IPR™= " (u! o) ATERH A A Y (uf,+0,)= L Hob i R385 n ASASHEZS SR £ A TE 50
i=1 i=1

— 1 “ i fepe 7 N
Fab. X TR, IPR™ 5L PIPEWPR T IPR™ 4T 034555 n DAMES N SR IPR™ fa T4 BRAE ;

IH—fki 2 53200 % X NPR™ = [2Lz (ub, +oi )] 7 BRESHRM, 2 NPR™ ~i,ﬁﬂjﬂ’~12ﬁﬂ?
BIRIRRIARRE, X L— oo B, NPR™ I{E K T 0; 47 NPR™ g4 BRAE, X I (9 AR 2 R 7n 47 B 245 11
P, X6 T R LS A XN AT DA 3 5 — AR A 2 5 R S 5 R A SR ek e 0 Hoe LR
_i 2L .
(IPR) =37 Zl IPR™ | (6)
_i < (n)
<NPR>—2L 21 NPR™ . (7)

AT 554 AT, i 2 (IPR) ~iﬂ<NPR> 1 AT BRAET X 52 22 S s, 6 A2 ( NPR) %aupm

BIME R A BRAA ; #57 ( NPR) FICIPR ) W {E AR BRAFLISE , 6 T h TRl AR X, o 7 3 B AR R G A I, AR
SCHIAT A UK S lAR Y SR AR S 90 HoE LnF
n=logl10[ {(IPR)x(NPR) ]. (8)
TEATF X (524 R 52 2 ) |, p<loglO( —=2L) ; ZEH I AHIX ,logl0( —2L) <n<]1.
XFFRIFRI RS, AT LS5 4 B U St 20 AR 25 00 SR SRR, X508 n AIERS S 4E T
PISE SUM
In IPR™
T=lm= o (9)
M7 1 B R B ARAE S RS 24 T, —0 B, KR B AAE 25 0 SRy ek A%, 1 S35 40 J 4 n] LA RAE
ARG, WE




PSR 4R (AR R 55 48 B4 6 191 (2025 4F)

1 L
(T) =57 Sy . (10)
n=1

MARGRY A, (T) =1 MR G A RISAHR, (T)—0. MR G A AE h RIAER, F- 3453 T8 48 B 1)
BUEA[0,1].
2 gERarSivhie
2.1 HTHHR

AN EBVTHE A#0,A4 H RN, R BAARTE DL, R T 08 A0 A A 07 B, R SCHR[ 22 ] $45E
BIRCA T BT A B BR/INS RS s A BE HEAT AT AL B AR XM e AT T3 4520 AR I FLAH 1Y

HHAE RA «

y o 2AlL (11)

(1+1A2j
6
21 J+A
v :$.
(1+A2j
6

N T YE FASEE ARSI IPE L AT @i BAER % BAG IR (AN S) MR TR SR,

1 1) 20t TSP 4 B4 BE (T S (V, A) BRI, LT BN 5656, 3L o= (52_”

A=0.05. & LA AVMARGA = ARBIAX, B FERE A B 2007, 1 X9 A, 11 X R A aiAe,

02 04 06 038

e SR 2 JR SR ) AR 8
(12)

,L=377,

<7>

6 0.6
Cd
L
,
<NPR> /'
4 0.4 - = =« <JPR> ,
4
N s
’ m
2 0.2
0 1 2 0 2 4 6
A 4
(@) (b)
0.4 0.8
I‘ <NPR>
<NPR> ’ 0.6 = = =« <[PR>
= = = JPR> ‘
V4
m 0.4 1
0.2 I
—
6 0 2 4 6
V 14

(©) (d)

(b)A=0.5;(c)A=1;(d)A=2;(L=377,4=0.05).
E1 (a)FEHASBEE(T)X(V,A)WNBE(ERLEATEEZFBEENEIEER, A8&AT REZSEHMANMBITEER);
(b) (¢)(d){IPR)FI{NPR) B 38 & V BIZAL.
Fig. 1 (a)Phase diagram of the average fractal dimension{ T) versus( V,A) ( the blue line represents the analytical solution of the
transition point between the intermediate and localized phase while the red line represents the analytical solution of the transition

point between the extend and intermediate phase). (b) (¢) (d) (IPR) and (NPR) as a function of the modulation strength V.
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