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Fig. 1. A schematic diagram of experimental setup. In a
high-finesses optical cavity, spinless atoms are trapped by a
ladder lattice in 2~y plane. The atoms are driven by a pump
laser beam along z direction. The frequency wp of the
pump laser is far detuned from the atomic transition line

wa but close to the cavity-mode frequency we.
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Fig. 2. (a) The cavity field |a| as a function of the pump-
ing strength A for different U; (b) the critical pumping
strength A¢ as a function of U. Here L = 1974, K = 0.8,
B =1610/987, Ac = —2 and kK = 1.2.
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Fig. 7. (NPR) as a function of 1/L for Up =2, K =0.8:

(a) critical phase region; (b) localized phase region.
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Fig. 8. (a) Phase diagram in the Ap-Up plane. The color
code represents the values of 7, where the white regions de-
note the full extended or localized phase and the red region
represents the critical phase. Here, the green square corres-
ponds to A =3.183, A. = —0.2, |a| =0.604, A\p =~ 2.86,
the black circle corresponds to A =4.113, A.= —0.6,
|a] = 0.607, Ap ~ 4.86, and the blue cross corresponds to
A=5.069, Ac = -2, |a| = 0.608, A\p =~ 6.08 for k = 1.2,
U =6, Up =~ 2.21. The IPR of different eigenstates as a
function of energies for (b) the green square, (c) the black
circle, and (d) the blue cross. Here, K =0.8, and
L =1974.

Sy k. R B R TE I R n KT —InL,
TiAhF 58 45 RSB IAIE, 7 BT —InL .
Il 8(a) 4th T Ao-Up (TN, LA /N R
B AR . Horh, (@ KA T e 4 R AT B
SEY IR, A6 KR T HA TR MG R
H1, BB e SRt R I A U ~ 1.97 . FEAR S
FF 5 1 981 ) 58 38 U 4 MLV R P, T DL 82
Up < US W, RGEBEFE Mo HIHEFR, 52D SR A
Zo T — AN A5 RIS SEAE I I LA, B s
BI5E 4 R EAT. T2 Up > US I, BB Ao 9K,
FIE I — R BA S A RS, L
B FIG FAR X, LRI R A 53k 52
SRR, I, M Up > U B, 7k R P e f5R
AL

BT BRI SRS TR R 4
(62, 7EME 8(a) TEEHL 3 FOARIE 9 A B S
1A IPR, 38 1 B (i T F 58 ] LAAS 21 I A 5] 8(a) o
S(a e S A | W €0 SR Ak X I 1 43
4 0.604, 0.607 F1 0.608, ApZ) 5 & 2.86, 4.86 Al
6.08, HLEAHIF Up ~ 2.21. K T H— B R i,
3% 3 4 i Bk g 1 ey sl AP o, 11 8(b)—(d) 43
WIZ5 T E AT TPR % 42 30 Al B 28 (L 17 L.

-7 —6 -5 —4

0 L e
01234567
A Ap

K9 (al)K =05, (bl)K =150, B ERE UR
A BER, 6 |of & HEE R XA EGR. X,
L =1974,8=610/987,A; = —2flk = 1.2.(a2) K = 0.5,
(h2) K = 1.5/, Ap — UpZECF A, LUTF 24 g R/
B E AR, Hod A ORI R 2 Y R EUR A,
LU0 IR BA R R il A, X, L = 1974
Fig. 9. The cavity field |a| as a function of the pumping
strength A for different U for (al) K =0.5, (b1) K =1.5.
Here L =1974, B=610/987, A= -2 and k=1.2.
Phase diagram in the Ap — Up plane with L = 1974 for
(a2) K = 0.5, (b2) K = 1.5. The color code represents the
values of 7, where the white regions denote the full exten-
ded or localized phase and the red region represents the
critical phase.
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Abstract

We study a Bose-Einstein condensate trapped by a ladder lattice in a high-fitness cavity. The ladder lattice
is loaded in the z-y plane and the cavity is along the z direction. A pump laser shines on atoms from the z
direction. Under the mean-field approximation, we consider the emergence of the quasi-periodic potentials
induced by superradiance in the ladder lattice, which is described by Hyr = Hia + Ve with the effective
potential Vig(a) = Zil 20:1 , [A cos(2nfi) + Up cos®(2ni)] & ,é:.o . We find that the quasi-periodic potential
can induce the reentrant localiz;j\tion transition and the regime with mobility edges. In the smaller Up case, the
system exhibits a localization transition. The transition is associated with an intermediate regime with mobility
edges. When Up goes beyond a critical value U]g°>, with the increase of Ap, the system undergoes a reentrant
localization transition. This indicates that after the first transition, some of the localized eigenstates change
back to the extended ones for a range of A\p. For a larger Ap, the system experiences the second localization
transition, then all states become localized again. Finally, the local phase diagram of the system is also
discussed. This work builds a bridge between the reentrant localization and the superradiance, and it provides a

new perspective for the reentrant localization.

Keywords: superradiance, disorder, mobility edges, localization
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