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Fig. 1. IPR of ground states as a function of A for this
system with J =1 and L =1000. The left and right
insets show the distribution of the ground state with
A =19 and A = 2.1 respectively.
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Fig. 2. Sketch of the quasiperiodic lattice realized in the
experiment. J describes the hopping between the nearest-
neighbor sites of the primary lattice and 2A is the
maximum shift of the on-site energy induced by the

secondary lattice.
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Fig. 3. Schematics of the experiment. Schematic illustration
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Fig. 4. (a) (r) as a function of h. Here we use 50 samples for [, = 12 and [ = 14, 30 samples for L =16, and 20 samples for
L =18; (b) averaged entanglement entropy (S) and d(S)/dh versus h. Here we use 500 samples for L =8 and L =10, 100
samples for [, = 12 and 30 samples for [, = 14. The interaction strength is fixed at U = 0.4. Here a sample is specified by
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Fig. 5. Log-log plot of the width \/W vs time ¢ for
several values of A in the AA model with o = @,
J =1 and L =3000.

M, /((02)2) 5] ¢ 06 B R R
7, BI\/((32)2) ~ t°, T LATER] 5 | REA AL FR
Bey xibge. WEIFRRTLIE H, 2 A < 28, RiF1is
)& T il (ballistic) fiiz, Bl 8 =1, 7 H 5HEM
WIGREE AR K/NTE R, 2 A = o, KTz )
J& F P H (diffusive) fiig, B g =1/200 92 Y4
A 2, /T FEAR K 1 — Bt 5 2t — A
E TS 3, BRI B =0, XAMEXT R & XS RGN
Jrd . FE AA BRI L SRy B 1 RN ] HH 9
BRI A LA S BRIT SR TR K, = 1/In (?)u
ATLAE W, JRdgl, 3 RANIG SR 8l ) 24 Aol
HstEA R 2R

P —AE SRR AA BRUR R A B 35 7%
T 4K 22 5 1Y 02 W) A B BR A7 % (return probabi-
lity)P354) R R W) A R 7 S — A% L
1E— BB R AL 2 J5 , WFFE AR TR R X A%
SUBIMER. ROATEIS AT AA B A Bl )22 AR A
ST X5, BT DX RN P,

5.2 [FEHAIKFNRYE R HE &
8T T 14 9 3] S5 S K Bl g A5 R

H=Y" [(—J@iéiﬂ + H.c.) +) 6 (t—nT) Vins |,
Horpn, = cle Bk FREAE, &l (e) =i (B
K) BAF, J IS BRERTREE. HHV; = X cos(2mia)
XL o2 U HEL, NS AR . XS AA B

RUTT LAt 3 B o JRT 30 A 4 B S 30 on |
(1, X TESLE AR5 S 7

SIAIRIE YL (Floquet) AT U(T) MR XA £
B Al 0o7, B4

L
U(T) = exp (—1HoT) exp (—iz V]é;éj) ,
J

HorttHy = = 55, (€41 + He.), LERGRE. B
THE, h=1, UK J = UENAER A A
() IR TEAFRIAAE RS, R O T LA A
By, BVUT) [y) = 70T [y} 51 i) = cf|0) %
TR AT R AL S K 2, B4 LA i) R R
AAEZS TGN [y) = 05, CilBy)li). T HFIALE
5 g [58—60]

L
St ==Y |C(Ey) [P In|Ci(By)[.
=1

75 WEE B S /MELR S = 0, X R — 2552
L JRBAE— A A, T B B (S = In(L).
PR AT, B Cy(E,)| = 1/VE .

T AA BURHORAETEE RS A3, I LLTT 152
AT A B S = L S [ 6

1.4
FE L2
>~ 1.0
|4, 0.8
5F 706
0.4 ¢
0.2
4+ i i —
T P

[=2]

- 02 04 06 08

55 0 0.5 1.0 1.5

01 02 03 04 05 06 07 08 0.9 1.0

Bl 6 FEEX= 1M L= 1500, ¥ {5 KAk B 762
fb. 7 b A 3 1 R 7R T - 249 21 0 1 5 B R 400 7 iy s
o, XEBEA=08(T) X=12(L"), A=16
(B0, 47 T AR RIR T X DI S RE A 19481k, X 1Ly
BIERE T =0.05 (§), T=03(4), T =0.5(& )5
Fig. 6. The mean information entropy as a function of T
for this system with A =1 and L = 1500. The left up
inset shows the derivative of the mean information entropy
as a function of 7 with fixed A = 0.8 (blue), XA = 1.2 (red),
and A = 1.6(green). The right down inset shows the
derivative of the mean information entropy as a function of
A with 7'=0.05 (blue), 7'=0.3 (red), and T'=0.5 (green)>.
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Fig. 8. Evolution of Loschmidt echo in a long time with different Ags. The initial state is chosen to be the ground state of the

Hamiltonian with A; = 0.5 ((a), (b))and 4; = 4 ((c), (d))0L

T % Loschmidt echo (EA#TEHITER
R, GIA— DR T /N e X L(¢) M5 W
S50 — DRI R][RIFE 7, 75 ¢ € [0, 7], DU i
JBL(t) < e BYIHTH]AIPRAS BE, 2 SO M (e) . A4 T3]

AT (Lebesgue measure) I(L<e) 69,

KT, BsEm(e) = MT(E) [ERE A = 0.5, 7E& 9(a)

i, JBR T e BUAERIRE (e =5 x 1074, 3x 1074,
2x 1074 FI 1 x 107%), m(e) Bl Ar (7R AL. X HLAY
WIBPR R ERGEIEE. TTLEH, m(e)fE
Ap < 21 A > 20 B R BB SRR 24 Ap < 20,
m(e) MEE, HEN THZESA =25, EHE
Ap B RFERIG KB — AR IEFE. REX
ANHEAE ST BT 1Y) e 1R/, (HE X Pl e 7
75 R G AS IR AN 2 Bt o AT A [ Tk A

R R RIS H(A) BEEE, (X
FHAMARIESEA RPN BG. T B X — T,
FE A9 25 B R W) 4 2 AN A A AR A I A
K 9(b) HhJER m(e) b A 978 4L, AT LLE 2], 78

Ap = 240, XFFFTABIAEZ, m(e) #A NFE4
BRAEZH A B W2 BT LA, X T AABERL &
(9 2l J7 2 AHZE SR Y R - TR Y B A S e —
2.

6 VER T R G

IR ILH4E, NS (NGRS
PRFIRDE R ) 1A R BER A R A — A H 2
O R P KT = A By st A B T= RO
PERGER AL, IR T AT BER AR, a2k
G I, AT DL AT IR R 5 BE A AR X /)N
KA IR NIAR SR D Z (B 5% A 1677 RT3 2%
PR, AR X BT A5 0 B % ; 7
SIS, XA EAS AT LIRS B R
TR, XA B SLEG EonT LU i 2R R 3 A
(Thouless Pumping) I £ [5-81. 2% R G¢ A7
TETCIF S ME RIS, IR A—A 1 98 BA R A 1) i
SE BN X RGBS MEBU AT 250, T T T
FEAE—YE p P TR B FIN R G B0 v

040301-10


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

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 4 (2019) 040301

0.10 T
(a)
0.08 | —e=5x10"*
-—e=3%x10"%
& 0.06 i e=2x1074
g 0.04 - e=1x10"4

1.0 1.5 2.0 2.5 3.0
Ag
B9  BEERLSHL=1000, T =6x 1051 A; = 0.50F m(e) B A FAEAL: (a) AN 09 B0 LA 7 1) & f, 3 HLA ) 25
W05 i B (Y B3 () ORI, nRR WA MR B W 58 n DAIER. 76 Ap = 240, o DATE Wi LA 2] — S AHZ 5. X

H[#E e =0.010
Fig. 9. The behavior of m versus Ap for the system with L = 1000, T = 6 x 10% and A; = 0.5: (a) Different colors correspond

to different es and the initial state is chosen to be the ground state of the initial Hamiltonian; (b) different choice of initial state

with n standing for the nth eigenstates of the initial Hamiltonian H(4;).
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Fig. 10. (a) MIPR as a function of the incommensurate
potential strength V at two p-wave pairing strength
A=05 and A =0.8. Here use L =1000; (b) phase
diagram of this system with a p-wave pairing strength A
and incommensurate potential strength V. I: extended
phase, II: critical phase and III: localized phase. Here fix
J=1.

J)&k, MIPR A5 8 88 1) A8 4k . E — 25 4y B & 3R
V<2(A-J|B, RERY RN, 21A-J] <V <
2(A+ DB, RGIEIGFAR, V > 2(A+ J) B, RS
SR XA R G AR A 10(b) i,
T R AR TR I A B U eR A A
JRILH 2400 BB, TIL X6 R 3 =AM AH s
FEREIE ST M2 508 40 b 3R B I b 1 22 5=,
Wang 45 19 XX A~ RGEAGEE RS0 #r, 45 X
ARGl FEAH ) — LIl B S HORX BL I A S 500
bR R

Wi 5 1 B3 S B VR p I X R B A B AR
1k, ARG FME BN XA A, T H
WA B FMEAS, BOT RS, kA~ R4t
FREM A . I 11 () JB/R THEFF I AT X
A~BDG JRAHERE T, X HFE A = 0.5. 7E& 11
(a) MA@ E Y, R T A BBV 284K, AT LA A
TEV =302 V=20A4+J))bRKRHEETEN
JEF. ik R BB AL 1Y A7 7 AR AR X T S 2y hn g
NASAEE. A TIEREE DX — &, JIA DA
AT AL =l 4 e MR = (& —eh)/i, BN R

(vt = Y2 RIS KR (72, 7) = 201500, B =
A, B), IR 2R FRBAF ] S AR N BT H S N

L
TIL = Z [an,i’YiA - ilpn,ﬂ@B}a (34)
=1

N | =

B8 ¢ri = (wni +vni) Ml b = (Uni — Vi) -
& 11(b) FNE 11(c) JBIR T AR & Ay KR o
Flaps. V< 2(A+ ), ¢ Fl; 7345 2 Jr A 4
(4 W o, o T A E IR 1 S R gl 2 oK 1 JR)
BTESHE R P, X RS R ANE T, MY >
2(A + J)EF, GInER TRV = 3.5, FARB AT
XoF L ) b T oy PR 43 A AN ZE B 1 P iy, T 22 s Sl
AN, X EWRE XA SR LR /. b nT
— XA RGN (B LHLNED) RbriE
XA RS RFH N 10, Bkl s
JRAR RN FARZ AR MY, 15 2000 R A 2R TR
. FEV =2(A+ )AL, AN T 2 L8R R
BRRARAE.

6.2 HEREBBEXNIMNMREEEFIT
2 JECR Y A ARV I S AN R
AU I 5 T e (00):
Ho= = Y (tse™mal )yt
m,n,l
+tyaj;ﬂ,n+1,lamvn7l
+tzeii¢m’"’la;rn,ml_i_lam,n,l + H.C.), (35)
B @i (al, ) JEFE ST (mon, 1) 1 T K (7
) BAE, te, t, Mt AR y R 2 T ) B BRAE R
BE, bmong = (m+n)m (PR UL 20 AR HL). XA
TR S B A R R Oy

Hy= Y T'ho(ke, ky, k)T,
ka,ky k-

P A B
XH T = (ak17ky,/cz’ aki7ky,lcz)’ DYSa

ho(kz, ky, kz) = — 2[t, cos(kya)o,

+ty sin(kza)o, —t. cos(k.a)o],
(36)

H oy, SEIHERE. KO EX RERIRERE N
E= :l:2\/t§sin2(kx) + t2cos?(ky) + t2cos?(k.), (37)
XA A DU A 2 i s AP IR KL (ks ey ) =
(0, £m/2, £m/2) 0L,

HRARGWBUN L, x Ly x L., 3 T JI7fill, B
Ly=Ly=L.=Na, JFRMEH I a=1F1, =

040301-12


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

) 32 3R Acta Phys. Sin. Vol. 68, No. 4 (2019)

040301

6

(a)

0.010

0.005

(b) 08
0.4
<
0
—0.4
0 20 ~ 40 490 500 O 20 ~ 40 490 500 O 100 200 300 400 500
1 1 K3
1.0
(c) V=1 V=25 V=3.5
0.5
=
o ———l| ,
—0.5
0 10 460 480 500 0O 10 460 480 500 0 100 200 300 400 500
K3 7 K]
B (a) TR AT, B A = 0.551 L = 500 W REMIAER; (b), (o) ARV (AT RARS R 6: (b)) F i ((c)) 1Y
4315 10

Fig. 11. (a) Energy spectra of this system with A =0.5 and L =500 under OBC. The distributions of ¢; (b) and t;(c) for the
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Fig. 12. IPR((a))and MIPR((b)) as a function of k; and k, with fixed V' =1.9; IPR((c)) and MIPR((d)) as a function of k, and
V' with fixed ky = 5; TPR((e)) and MIPR((f)) as a function of ky and V with fixed kg = 0. The lattice size is L = 300 and

te =ty =t =11,
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Abstract

Quasiperiodic lattices have been widely studied in cold atoms, which make one study extended-Anderson
localization transition in one-dimensional (1D) or two-dimensional (2D) systems. In 2008, Inguscio's group
prepared one-dimensional quasiperiodic lattice in cold atomic system and observed Anderson localization, which
promoted the theoretical and experimental studies of quasiperiodic systems. Later, Bloch's group observed the
many body localization in their prepared 1D and 2D quasiperiodic lattices. Recently, they also successfully
observed the mobility edge and many body localization in a system with mobility edge in quasiperiodic lattices.
These cold atom experiments have promoted the researches of many body localization and mobility edge.
Quasiperiodic lattices have become a platform and its effects on many physical phenomena are being extensively
studied, which can be expectantly observed in cold atomic experiments. This paper is based on the authors'
some related work and briefly review some recent studies on the 1D quasiperiodic lattices, including some
important cold atom experiments, some important properties of the quasiperiodic lattices and their effects on

some physical phenomena, such as topological states.
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