Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

eI P — B - IR R KA R E A

Bge L 54 TRRL R4iE
Exotic supersolid phase of one—dimensional Bose~-Hubbard model inside an optical cavity

Zhou Xiao-Fan  Fan Jing-Tao Chen Gang Jia Suo-Tang

5 Fi{# B Citation: Acta Physica Sinica, 70, 193701 (2021) DOI: 10.7498/aps.70.20210778
TEZE [T View online: https:/doi.org/10.7498/aps.70.20210778
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

WA = AHEAE TR S=1 A e HE T A PR EL A2 205
Fidelity susceptibility and entanglement entropy in S=1 quantum spin chain with three—site interactions

WIFAEA. 2018, 67(2): 020302 https://doi.org/10.7498/aps.67.20172087

DM PP B (2 PR ST HEL I SR AR 14 52 SR SRR R A 1
Stimulated radiation characteristics and quantum phase transition for two—component Bose—Einstein condensate in optical cavity

PrPieEd. 2018, 67(18): 183701  https://doi.org/10.7498/aps.67.20180971

— Y T AR R R N A TR AR
Topological orders and quantum phase transitions in a one—dimensional extended quantum compass model

PyFEEEAR. 2018, 67(19): 190301  https:/doi.org/10.7498/aps.67.20180855

B b BAT FR R A5 ) S (0 — X Y AR B ) 1A A
Quantum phase transitions of one—dimensional period—two anisotropic XY models in a transverse field

YIBR2EA. 2017, 66(18): 180302  https://doi.org/10.7498/aps.66.180302

Jaynes—Cummings it 5 81 FlIRabi i A& A5 70 1) & FH AR
The quantum phase transition in the Jaynes—Cummings lattice model and the Rabi lattice model

YrE2E4. 2021, 70(10): 100201  https://doi.org/10.7498/aps.70.20202066

i Dzyaloshinskii-MoriyatH F.AF FHY FI i€ 1SS 2 I AR B RL A4 1 7R A AR NP AR E
Quantum phase transition and topological order scaling in spin—1 bond-alternating Heisenberg model with Dzyaloshinskii—-Moriya

interaction

YFRE2R. 2020, 69(9): 090302  https://doi.org/10.7498/aps.69.20191773


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210778
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20172087
https://doi.org/10.7498/aps.67.20180971
https://doi.org/10.7498/aps.67.20180855
https://doi.org/10.7498/aps.66.180302
https://doi.org/10.7498/aps.70.20202066
https://doi.org/10.7498/aps.69.20191773

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 19 (2021) 193701

RFER—HRE-RAEERENTRERR
A LYY HEm DT KRV B g D2

1) (PER2, OWGEIITRT, &1 5t T EE R R SR, KE 030006)
2) (LLPaR2E, B2 Rl .G, KB 030006)
3) (IIZRIBRE R, Sedmis Fovi R QIRT .0, 57 250358)
(2021 4F 4 F 22 HE; 2021 4E 5 A 17 HIEMHERH)

AR A I AR AT 3 T I v — R TG A BB (- R PR B A Al MRS Y L SR
BEOM . B A = SR pR R, A B AR G B TR R 3 3 B 1 A T S A K ke [ AR (] P R
FRAAAES R AR, Hop— R B A2 A & IR HI IR G, 75— DB S B B oA 5 8h, 46
B BB AR 5 S RS N RS- 24000 78, kB A e R AT A5 O I KR AR R DGR Z ARSI T
D25 I P9 B e A1 PSS AR - 3 37 B O T 0 B, O R AL T IR B IR NOL 5 W B A S S R

BTk

KEEIR : EAHAR, B ARRLRT, D
PACS: 37.10.Jk, 37.30.+i, 42.50.Pq, 64.70.Tg

1 3

RV B TS Z A B R G0 TR
PURGE T MR PR ST 1. K88 1 TP
2t AT DIASTADIDE SR S AR AR AR L i LR
R 2 B (- A AR AR 3 — AR R AR IR
LR 2R 22 [H] ) i AR AR -4 FEAB YR -5
g, JEF R KR IA KRR A EAE T, el
Phi i Feshbach HARF A T8 T BAL MiEERAS
RGP AEAE Kt E R K A BAE IR s i 2
RBLG, XON T T A TR T
ek, BRI, JEE I R G AT LATE 24 ]
TR A Ak, SE TS AT R JC R R A EAE
-8 FE g REch, ZERKEME/EN &S
JF- SRR ALEAAH BAE FHRESE 4, E AT AE s 3

il

DOI: 10.7498/aps.70.20210778

S R S A0 0 5 P SRR, R B A AR A
ZE 5 IR T BRI O DA R A N B B
- A BRI B A O & 5w 1 1020,

R AR —Fh R B BCIRAE, BRI HAT
TR UL A ) G B 4 0 - 1 A ) ) 00 o 4 A 21,
EALIE—AX AT RS S 5 (AR A AH 02 ]
7)) AP F AR 22 FE PR e R, Ot
S R B i 1 T ALE R B G I
S DT, EL AR 4% T A S B AT (i iR 2. AR
17, AT e e I P b 20 T B B g ik
Vi, WA R DL o8 Bt i 1 I ) P SRR
YA K AR, 1 30K Al BE R 21
SR, I -2 37 B AR A4S BN W] A 00200 P
R T ST B 1t B DG 2 i P B T PR A,
A E B SR, R THR
SR RE 1A L B R = S R AR

* ERE SIS LR (S 2017YFA0304203) . ER HARRR LS (IS 11674200, 12074232, 12004230, 11804204)
P4 “1331 T2 T AR R TR RN L P 4 [e] [ B3 2 A YRR Bl B (LS HGKY2019003) ¢ B i

t iBIE1EE. E-mail: fanjt@sxu.edu.cn
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

193701-1


http://doi.org/10.7498/aps.70.20210778
mailto:fanjt@sxu.edu.cn
mailto:fanjt@sxu.edu.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

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 19 (2021)

193701

AR SRR AL I N A — 4 v 9 (0
5, il XHESC A R, 153 B — M R A 5
- AATERIRY . X — A A MR R AR R A
TELAH AR FHANTC RS R AR ELAE . ] 4 R R
FRALEE T 222 (DMRG) BUAITTE R AN
PSR | SRy E AT L B A = SRR R AL,
WIERGARXS A e, KB T B34
WP AT S A, o — N RELH 2P
BEWEIRG, 75— RIS B E 6. 5
Sb, G AR P SR AIE N R TR
KA S S RO KR AR TR

2 EANMFSE

BEF 5t SR O 2 i S 5 101 AR S0
B R GERE R AEE—2E (1D) T 506 AE H 1
WA T F G, WA 1 TR, HAosE
& 0 SRR R R Vo, IS TN we . T JLPR AR
M w B ZREHRF AL & 7 SR, 9k
277 18] B2 SE T IR Bl 3% T 6 B Sh A5 R IR 0 43
K wp B 2. AT A BRI T & A, X HLH
JELL S, B A = we —wp < 0. 75 KRR IEH PR
B, WOk AT AR A BN R 5 S AR S 1Y
A R T £ Ay 0]

—h(A.—d)d'a

Fto @ +0) (Sa-a).

ﬁ\ o/ \o/\o/\e o/ \of \o/\o
-
Lattlce =

___________
laser Pumping
laser

1 Ao g 5T 0 A T il U 1) & R AR TR ME —

(1D) T FEOL 2 i i, B oK e 70 0 10 g 4 1) 88 o) (0 ﬁ z
J5 b)) IS OIS . A7 18 B AR AR ¢, HE A B AR AR T
Us T IR K FRAR EAR T Uy

Fig. 1. Left: Proposed experimental setup that the bosonic
atoms trapped in a quasi-1D optical lattice interact with an
optical cavity. Right: Illustration of the competing terms
among the hopping ¢, the contact interaction Us and the
global-range interaction U .
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Fig. 2. (al), (b1), (c1) Superfluid order G(r) and n(k); (a2), (b2), (c2) density profile (72;); (a3), (b3), (c3) two order correlation
D2 (1,5); (ad), (b4), (c4) three order correlation D3 (i,1,5) for i = j of (al)—(a3) supersolid 0 phase with Us = 10 and U; =6,
(b1)—(b3) supersolid 1 phase with Us = 10 and U; = 4.4, and (c1)—(c3) supersolid 2 phase with Us =2 and U; = 4.4. In all sub-
figure, we have L = 96 and p = 0.4375.
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nite-size scaling of n(k =0)/L. (al), (a2) Supersolid 1 phase with Us =10 and U; =4.4. (bl), (b2) Supersolid 2 phase with

Us =2 and U; = 4.4. In all subfigure, we have p = 0.4375.
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Abstract

Using a state-of-the-art numerical method density-matrix renormalization-group, we study the ground

states of one-dimensional spinless Bose-Hubbard model inside a red-detuned cavity. By calculating the

superfluid order, density distribution, second and third-order correlation functions, we find that there exist two

novel supersolid phases with diagonal, off-diagonal orders beyond mean-field theory. One has package type

density modulation along the lattice axis, another exhibits uniform density distribution. Moreover, by

calculating the superradiant order parameter and the number of photon inside the cavity, we find that the novel

supersolid phases are highly related to cavity-field fluctuation. Our work gives the physics beyond the mean-

field theory of the Bose-Hubbard model inside an optical cavity, and provides the complete approach to fully

explore the collective state of light and matter inside an optical cavity.
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