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Fig. 1. (a) The ultracold fermions are trapped in a quasi-
one-dimensional background optical lattice along the cavity
axis & . These fermions are pumped by two circular-
polarized transverse (along 2 ) lasers and the cavity mode is
driven by a linear-polarized longitudinal (along &) laser.
(b) the atomic energy levels and their transition. See main
text for the corresponding transition processes and the
definition of the labels.
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Fig. 2. (a) The cavity field || for systems in different fillings with A > 0. The plotted parameters are chosen as Vp = 5FER,
k =100ER , Ac = —10ER, kgT = Er/200, and U = 5Eg . (b) the cavity field |a| for systems in different fillings with A < 0.
The plotted parameters are chosen as Vo = —5ER , kK = 100ER , Ac = —100ER , kgT = Er/200, and U = —Eg . We consider a

lattice of sites 80 with different fillings.
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Fig. 3. The spin structure factors S, (k) for systems in different fillings: (a) kr/Er = 3/8; (b) kg/Er = 1/2; (¢) kp/Er =5/8

(The plotted parameters are the same as those in Fig. 2(a)).
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Fig. 2(b)).

043702-5


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)

043702

HFRAAN, TR AR HFER AL, T na R
el LIS M A E) AF-SR A AL AF-SR 4
| FM-SR AHIIBUE. 18] 5(b) LI T HAH
B, AT AR RIS FEIE BT, 95 na REEAT LA
S M AHE] AF-SR AR

4 ZEAE

AT T S HOF B R IRA S B /Y HHAE
SEER ST AT LOUIN . B Hh, DL SLi SR ], %t
L ) RS A0 A [0 A L) 3 i X R TS | F = 1/2,
mp =1/2)M|F =1/2,mp = —1/2), Hh p B
S, mp ARG TEL TSRS, AT
5 Vo = bEx, o v fig f £ Br ~ 73.7 kHz,
XFN ) AL S E LB N k= 7.4 kHz, g=27.1
MHz fl A = 2 GHz, Xf 0 2| FA TS S50
A3 59IH k= 100Eg , U = 5Eg Ml A, = —10Eg. ¥ T
LI RGO, AT E Vo = —5Ex , XF N 1Y HAlh
BRI EFE k= 7.4 kHz, g =54 MHz fl A =
~2 GHz, X B FRATSCHh S50 3 8 5 30 k=
100ER F1U = —Eg. HTTELLRE, HIU < 01, O
ARG R A - U Y [da <\ifg (z) U, (x)>

o=,

cos? (krw) < 0, REA A WIS AP FrLiIk
1T A = —100FR .

FET AR BIHE — T X TR BB A R Y
T SCHRARTE SE 0 b AR 1550, R I S A
NP R L. G mT A A HE R
BASGATHEUSTHON I OGRS T S W B 53 A1,
KT REVEARAS A BESh J1 22 250 D R8RS |
AT DAIE A 800 35 S-SR R 31, PRI, FRATTA0I B
ST TR (4R P 555 6 i T4 ).

5 & &

TEASCHR, AR T — 52 Bl s
FEWFFE T h R AR A 1 R ) v — 2 2 03 9 OR Y
GRS 7 B9 2 3 DA K Bl oK 1 RO SELTE A0 ¢
. AEATE BT 0] B AHELAE I, FRATTR] 2
G AU TR R] TR R AR S AL, TR SR
b S E AT 2 07 A Y RS R TR T RIS AR
GERIRENER L. A5 RARW], ARG IR AR
MFEH B AR R 15 RGER AR RGP
A8, HAREJUE RS, M ES 8, REEakH

Y S A SR R 114 7 5 S AR 80 e DX A A4 Y 5
AR AL, TELLREIN, ZR G2 B S Bl S ik
AR S AN, e B R I R Gt BAT 20
IEER.

W

% STk
Bloch I, Dalibard J, Zwerger W 2008 Rev. Mod. Phys. 80 885
Ritsch H, Demokos P, Brennecke F, Esslinger T 2013 Rev.
Mod. Phys. 85 553
[3] Baumann K, Guerlin C, Brennecke F, Esslinger T 2010
Nature (London) 464 1301
[4] Landig R, Hruby L, Dogra N, Landini M, Mottl R, Donner T,
Esslinger T 2016 Nature (London) 532 476
[5] Hruby L, Dogra N, Landini M, Donner T, Esslinger T 2018
PNAS 115 3279
[6] Lénard J, Morales A, Zupancic P, Esslinger T, Donner T 2017
Nature (London) 543 87
[7] Lénard J, Morales A, Zupancic P, Donner T, Esslinger T 2017
Science 358 1415
[8] Caballero-Benitez S F, Mekhov I B 2015 Phys. Rev. Lett. 115
243604
[9] Dogra N, Brennecke F, Huber S D, Donner T 2016 Phys. Rev.
A 94 023632
[10] Chen Y, Yu Z, Zhai H 2016 Phys. Rev. A 93 041601(R)
[11] Pan J S, Liu X J, Zhang W, Yi W, Guo G C 2015 Phys. Reuv.
Lett. 115 045303
[12] Luo X W, Zhang C 2018 Phys. Rev. Lett. 120 263202
[13] Gu H M, Huang Y Q, Wang H H, Wu G, Duan X F, Liu K,
Ren X M 2018 Acta Phys. Sin. 67 144201 (in Chinese) [A£L
B, Bk, o0, NI, Brveid, XL, ARt 2018 Y3sFik
67 144201]
[14] Parsons M F, Mazurenko A, Chiu C S, Ji G, Greif D, Greiner
M 2016 Science 353 1253
[15] Boll M, Hilker T A, Salomon G, Omran A, Nespolo J, Pollet
L, Bloch I, Gross C 2016 Science 353 1257
[16] Cheuk L W, Nichols M A, Lawrence K R, Okan M, Zhang H,
Khatami E, Trivedi N, Paiva T, Rigol M, Zwierlein M W
2016 Science 353 1260
[17] Hilker T A, Salomon G, Grusdt F, Omran A, Boll M, Demler
E, Bloch I, Gross C 2017 Science 357 484
[18] Salomon G, Koepsell J, Vijayan J, Hilker T A, Nespolo J,
Pollet L, Bloch I, Gross C 2019 Nature 565 56
[19] Mazurenko A, Chiu C S, Ji G, Parsons M F, Kanasz-Nagy M,
Schmidt R, Grusdt F, Demler E, Greif D, Greiner M 2017
Nature 545 462
[20] Xu Z J, Liu X Y 2011 Acta Phys. Sin. 60 120305 ( in
Chinese) [BEAE, XIEW 2011 YH2EH 60 120305]
[21] Qin S F, Zheng G P, Ma X, Li HY, Tong J J, Yang B 2013
Acta Phys. Sin. 62 110304 (in Chinese) [ZIEE, A, &
B, Z=ipae, ARG, M 2013 PEER 62 110304)
[22] Sun N, Zhang P F, Zhai H 2018 arXiv: 1808 03966v1 [cond-
mat.quant-gas|
[23] Fan J T, Zhou X F, Zheng W, Yi W, Chen G, Jia S T 2018
Phys. Rev. A 98 043613
[24] Giuliani G, Vignale G 2005 Quantum Theory of the Electron
Liquid (Cambridge: Cambridge University Press) pp29-36
[25] Su W P, Schrieffer J R, Heeger A J 1979 Phys. Rev. Lett. 42
1698
[26] Peierls R E 1955 Quantum Theory of Solids (Oxford:
Clarendon Press) p108
[27] Ogata M, Shiba H 1990 Phys. Rev. B 41 2326
[28] Costa N C, Mendes-Santos T, Paiva T, Santos R R dos,

&=

043702-6


http://doi.org/10.1103/RevModPhys.80.885
http://doi.org/10.1103/RevModPhys.80.885
http://doi.org/10.1103/RevModPhys.80.885
http://doi.org/10.1103/RevModPhys.80.885
http://doi.org/10.1103/RevModPhys.80.885
http://doi.org/10.1103/RevModPhys.85.553
http://doi.org/10.1103/RevModPhys.85.553
http://doi.org/10.1103/RevModPhys.85.553
http://doi.org/10.1103/RevModPhys.85.553
http://doi.org/10.1103/RevModPhys.85.553
http://doi.org/10.1038/nature09009
http://doi.org/10.1038/nature09009
http://doi.org/10.1038/nature09009
http://doi.org/10.1038/nature09009
http://doi.org/10.1038/nature09009
http://doi.org/10.1038/nature17409
http://doi.org/10.1038/nature17409
http://doi.org/10.1038/nature17409
http://doi.org/10.1038/nature17409
http://doi.org/10.1038/nature17409
http://doi.org/10.1038/nature17409
http://doi.org/10.1073/pnas.1720415115
http://doi.org/10.1073/pnas.1720415115
http://doi.org/10.1073/pnas.1720415115
http://doi.org/10.1073/pnas.1720415115
http://doi.org/10.1038/nature21067
http://doi.org/10.1038/nature21067
http://doi.org/10.1038/nature21067
http://doi.org/10.1038/nature21067
http://doi.org/10.1038/nature21067
http://doi.org/10.1126/science.aan2608
http://doi.org/10.1126/science.aan2608
http://doi.org/10.1126/science.aan2608
http://doi.org/10.1126/science.aan2608
http://doi.org/10.1103/PhysRevLett.115.243604
http://doi.org/10.1103/PhysRevLett.115.243604
http://doi.org/10.1103/PhysRevLett.115.243604
http://doi.org/10.1103/PhysRevLett.115.243604
http://doi.org/10.1103/PhysRevA.94.023632
http://doi.org/10.1103/PhysRevA.94.023632
http://doi.org/10.1103/PhysRevA.94.023632
http://doi.org/10.1103/PhysRevA.94.023632
http://doi.org/10.1103/PhysRevA.94.023632
http://doi.org/10.1103/PhysRevA.93.041601
http://doi.org/10.1103/PhysRevA.93.041601
http://doi.org/10.1103/PhysRevA.93.041601
http://doi.org/10.1103/PhysRevA.93.041601
http://doi.org/10.1103/PhysRevA.93.041601
http://doi.org/10.1103/PhysRevLett.115.045303
http://doi.org/10.1103/PhysRevLett.115.045303
http://doi.org/10.1103/PhysRevLett.115.045303
http://doi.org/10.1103/PhysRevLett.115.045303
http://doi.org/10.1103/PhysRevLett.115.045303
http://doi.org/10.1103/PhysRevLett.120.263202
http://doi.org/10.1103/PhysRevLett.120.263202
http://doi.org/10.1103/PhysRevLett.120.263202
http://doi.org/10.1103/PhysRevLett.120.263202
http://doi.org/10.1103/PhysRevLett.120.263202
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.1126/science.aag1430
http://doi.org/10.1126/science.aag1430
http://doi.org/10.1126/science.aag1430
http://doi.org/10.1126/science.aag1430
http://doi.org/10.1126/science.aag1430
http://doi.org/10.1126/science.aag1635
http://doi.org/10.1126/science.aag1635
http://doi.org/10.1126/science.aag1635
http://doi.org/10.1126/science.aag1635
http://doi.org/10.1126/science.aag1635
http://doi.org/10.1126/science.aag3349
http://doi.org/10.1126/science.aag3349
http://doi.org/10.1126/science.aag3349
http://doi.org/10.1126/science.aag3349
http://doi.org/10.1126/science.aag3349
http://doi.org/10.1126/science.aam8990
http://doi.org/10.1126/science.aam8990
http://doi.org/10.1126/science.aam8990
http://doi.org/10.1126/science.aam8990
http://doi.org/10.1126/science.aam8990
http://doi.org/10.1038/nature22362
http://doi.org/10.1038/nature22362
http://doi.org/10.1038/nature22362
http://doi.org/10.1038/nature22362
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
https://arxiv.org/pdf/1808.03966.pdf
https://arxiv.org/pdf/1808.03966.pdf
https://arxiv.org/pdf/1808.03966.pdf
https://arxiv.org/pdf/1808.03966.pdf
https://arxiv.org/pdf/1808.03966.pdf
https://arxiv.org/pdf/1808.03966.pdf
http://doi.org/10.1103/PhysRevA.98.043613
http://doi.org/10.1103/PhysRevA.98.043613
http://doi.org/10.1103/PhysRevA.98.043613
http://doi.org/10.1103/PhysRevA.98.043613
http://doi.org/10.1103/PhysRevLett.42.1698
http://doi.org/10.1103/PhysRevLett.42.1698
http://doi.org/10.1103/PhysRevLett.42.1698
http://doi.org/10.1103/PhysRevLett.42.1698
http://doi.org/10.1103/PhysRevB.41.2326
http://doi.org/10.1103/PhysRevB.41.2326
http://doi.org/10.1103/PhysRevB.41.2326
http://doi.org/10.1103/PhysRevB.41.2326
http://doi.org/10.1103/PhysRevB.41.2326
http://doi.org/10.1103/RevModPhys.80.885
http://doi.org/10.1103/RevModPhys.80.885
http://doi.org/10.1103/RevModPhys.80.885
http://doi.org/10.1103/RevModPhys.80.885
http://doi.org/10.1103/RevModPhys.80.885
http://doi.org/10.1103/RevModPhys.85.553
http://doi.org/10.1103/RevModPhys.85.553
http://doi.org/10.1103/RevModPhys.85.553
http://doi.org/10.1103/RevModPhys.85.553
http://doi.org/10.1103/RevModPhys.85.553
http://doi.org/10.1038/nature09009
http://doi.org/10.1038/nature09009
http://doi.org/10.1038/nature09009
http://doi.org/10.1038/nature09009
http://doi.org/10.1038/nature09009
http://doi.org/10.1038/nature17409
http://doi.org/10.1038/nature17409
http://doi.org/10.1038/nature17409
http://doi.org/10.1038/nature17409
http://doi.org/10.1038/nature17409
http://doi.org/10.1038/nature17409
http://doi.org/10.1073/pnas.1720415115
http://doi.org/10.1073/pnas.1720415115
http://doi.org/10.1073/pnas.1720415115
http://doi.org/10.1073/pnas.1720415115
http://doi.org/10.1038/nature21067
http://doi.org/10.1038/nature21067
http://doi.org/10.1038/nature21067
http://doi.org/10.1038/nature21067
http://doi.org/10.1038/nature21067
http://doi.org/10.1126/science.aan2608
http://doi.org/10.1126/science.aan2608
http://doi.org/10.1126/science.aan2608
http://doi.org/10.1126/science.aan2608
http://doi.org/10.1103/PhysRevLett.115.243604
http://doi.org/10.1103/PhysRevLett.115.243604
http://doi.org/10.1103/PhysRevLett.115.243604
http://doi.org/10.1103/PhysRevLett.115.243604
http://doi.org/10.1103/PhysRevA.94.023632
http://doi.org/10.1103/PhysRevA.94.023632
http://doi.org/10.1103/PhysRevA.94.023632
http://doi.org/10.1103/PhysRevA.94.023632
http://doi.org/10.1103/PhysRevA.94.023632
http://doi.org/10.1103/PhysRevA.93.041601
http://doi.org/10.1103/PhysRevA.93.041601
http://doi.org/10.1103/PhysRevA.93.041601
http://doi.org/10.1103/PhysRevA.93.041601
http://doi.org/10.1103/PhysRevA.93.041601
http://doi.org/10.1103/PhysRevLett.115.045303
http://doi.org/10.1103/PhysRevLett.115.045303
http://doi.org/10.1103/PhysRevLett.115.045303
http://doi.org/10.1103/PhysRevLett.115.045303
http://doi.org/10.1103/PhysRevLett.115.045303
http://doi.org/10.1103/PhysRevLett.120.263202
http://doi.org/10.1103/PhysRevLett.120.263202
http://doi.org/10.1103/PhysRevLett.120.263202
http://doi.org/10.1103/PhysRevLett.120.263202
http://doi.org/10.1103/PhysRevLett.120.263202
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.7498/aps.67.20180067
http://doi.org/10.1126/science.aag1430
http://doi.org/10.1126/science.aag1430
http://doi.org/10.1126/science.aag1430
http://doi.org/10.1126/science.aag1430
http://doi.org/10.1126/science.aag1430
http://doi.org/10.1126/science.aag1635
http://doi.org/10.1126/science.aag1635
http://doi.org/10.1126/science.aag1635
http://doi.org/10.1126/science.aag1635
http://doi.org/10.1126/science.aag1635
http://doi.org/10.1126/science.aag3349
http://doi.org/10.1126/science.aag3349
http://doi.org/10.1126/science.aag3349
http://doi.org/10.1126/science.aag3349
http://doi.org/10.1126/science.aag3349
http://doi.org/10.1126/science.aam8990
http://doi.org/10.1126/science.aam8990
http://doi.org/10.1126/science.aam8990
http://doi.org/10.1126/science.aam8990
http://doi.org/10.1126/science.aam8990
http://doi.org/10.1038/nature22362
http://doi.org/10.1038/nature22362
http://doi.org/10.1038/nature22362
http://doi.org/10.1038/nature22362
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.60.120305
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
http://doi.org/10.7498/aps.62.110304
https://arxiv.org/pdf/1808.03966.pdf
https://arxiv.org/pdf/1808.03966.pdf
https://arxiv.org/pdf/1808.03966.pdf
https://arxiv.org/pdf/1808.03966.pdf
https://arxiv.org/pdf/1808.03966.pdf
https://arxiv.org/pdf/1808.03966.pdf
http://doi.org/10.1103/PhysRevA.98.043613
http://doi.org/10.1103/PhysRevA.98.043613
http://doi.org/10.1103/PhysRevA.98.043613
http://doi.org/10.1103/PhysRevA.98.043613
http://doi.org/10.1103/PhysRevLett.42.1698
http://doi.org/10.1103/PhysRevLett.42.1698
http://doi.org/10.1103/PhysRevLett.42.1698
http://doi.org/10.1103/PhysRevLett.42.1698
http://doi.org/10.1103/PhysRevB.41.2326
http://doi.org/10.1103/PhysRevB.41.2326
http://doi.org/10.1103/PhysRevB.41.2326
http://doi.org/10.1103/PhysRevB.41.2326
http://doi.org/10.1103/PhysRevB.41.2326
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) 043702

Scalettar R T 2016 Phys. Rev. B 94 155107 [31] Liu X-J, Law K T, Ng T K 2014 Phys. Rev. Lett. 112 086401
[29] Chang C-C, Zhang S 2008 Phys. Rev. B 78 165101 [32] Klinder J, Kefler H, Wolke M, Mathey L, Hemmerich A 2015
(30] Hart R A, Duarte P M, Yang T L, Liu X, Paiva T, Khatami PNAS 112 3290

E, Scalettar R T, Trivedi N, Huse D A, Hulet R G 2015 [33] Landig R, Brennecke F, Mottl R, Donner T, Esslinger T 2015

Nature (London) 519 211 Nat. Commun. 6 7046

SPECIAL TOPIC—Cold atoms and molecules

Magnetic properties of one-dimensional Fermi gases in an
optical cavity”

Feng Yan-LinV?  Fan Jing-TaoY?  Chen Gang"?’ Jia Suo-Tang"?

1) (State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of Laser
Spectroscopy, Shanzi University, Taiyuan 030006, China)

2) (Collaborative Innovation Center of Extreme Optics, Shanxi University, Taiyuan 030006, China)

( Received 1 November 2018; revised manuscript received 4 December 2018 )

Abstract

In this work we show that the superradiance of the cavity photons can give rise to a magnetic
transformation for the atomic system when the quasi one-dimensional Fermi gases are coupled to an optical
cavity. This magnetic transformation has a close relationship with the atomic detuning and the filling number.
When the interaction between the atoms is neglected, the mean-field approximation may be used in the
superradiant phase. In this approximation, we analyze the static spin structure factors of the system with
different filling numbers and atomic detuning. Then we characterize the cavity photons-assisted magnetic
transformation and obtain the phase diagrams which are dependent on the cavity parameters. Finally, the

feasible experimental parameters of our results are also discussed.

Keywords: effective optical lattice, superradiance, spin structure factor, magnetic correlation
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