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Fig. 1. At total momentum @Q = kg, we show the time
evolution of the opposite-spin two-body correlation func-
tion gﬁ) (%,0,t) The particle number is N = 10, the sys-
tem length is L =10, and the interaction strength is
The Fermi® momentum is defined as kf =
(N/2—1)2x/L, the Fermi energy as Ef = k2, and the

Fermi time as 1/Ff .
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Fig. 2. At total momentum @ = kg, we show the time
evolution of the opposite-spin two-body correlation func-
tion gﬁ) (%,0,t) The particle number is N = 10, the Sys-
tem length is L =10, and the interaction strength is

c=—1.
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Fig. 3. For total momentum Q = kr (a)and @ = 1.5kr (b), we show the energy distribution of the occupation probabilities of dif-

ferent eigenstates. The particle number is N = 10, the system length is L = 10, and the interaction strength is ¢ = —1.
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Fig. 4. For total momentum @ = kr (a) and Q = 1.5kr (b), we show the time evolution of the opposite-spin two-body correla-

2
tion function g,(r i) (2,0,t) . The particle number is N = 10, system length is L = 10, and interaction strength is ¢ = —10. The

maximum value of the correlation function at = = 0 is clipped to 1.15.
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Fig. 5. Time evolution of the momentum of the spin-down particle for (a) attractive and (b) repulsive interactions. The particle
number is N = 22 and the system length is L = 22. (a) For interaction strength ¢ = —5, the total momentum is Q = 0.4kF ,
0.8kp , 1.4kp, 1.6kp, and 1.8kp. (b) For interaction strength ¢ =5, the total momentum is Q = 0.8kg, kp, 1.2kp, 1.4kp, and
1.6kp . The black dashed lines mark several characteristic times for @ = 1.6kp: the first time when the impurity momentum
reaches a minimum (dashed line b), the first appearance of a secondary peak (dashed line c), the second time when it reaches a min-

imum (dashed line d), the second appearance of a secondary peak (dashed line e), and the time at which quantum revival occurs

(dashed line f).
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Fig. 6. Momentum distributions of the spin-up particles at different times for a total momentum @ = 1.6k . Red circles corres-

pond to the repulsive interaction case with ¢ = 5, while blue octagrams correspond to the attractive interaction case with ¢ = —5.

The green dashed line indicates the position k,,» = @, and the black dashed line marks the right Fermi momentum. The times

chosen in panels (b-f) correspond to the coordinates labeled b—f in Fig. 5. The particle number is N = 22 and the system length is

L=22.
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Fig. 7. (a) Dependence of the quantum flutter period on the dimensionless interaction strength. (b) Dispersion relations of the

excitonic and magnonic states in the gas-state regime and in the bound-state regime. The dimensionless interaction strength is

v = ¢/n = —5. The particle numbers in (a) and (b) are N =28 and N = 100, respectively.
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¥ (49) A (50) RACA (48) AT LIAGH] 1y, HE
505 S 0 B A e R TR fE A (47)
K —2 HHEFRN OO L 42, A8 R A 2R T
SHWRTENILREZ S, AR, #FELR
A, MG ES T SRS FE S,

B LR 00, B sh i T IO g m ey, ik
AR PR AR A o ot BAIR J] SO 0T 1 ) B o 4
A AR HEIR T8 5 RS S T RS
M RE 25, JfiE— D HU A 2 22 R AT A5 2% R
SR EAL, AR TSR SAREZ
ZH

O Egs Exciton (kF) = EBs Exciton (kf) — Eround (0) = fite,
(51)

RIEEL 7(b) b £1 625U Sk X I E. 76 28K

Fhimht, KBRS SRS EZ EN
I EGs Magnon (kF) = EGs Magnon (Fr) — EGrownd(0) = He,
(52)

RO 7(b) Hoig £ 80 Sk % i . - T Y
P~ fiE B 22 AH R, FRARTE (38) =UAn (39) LRI AT 15
F A ER R B i AR

5EBS Exciton(kF) - 6EGS Magnon(kF) = Utc — Hc = HKc,
(53)

HE5RY (47) X—3

X E T ORI RS, AR AT DL EA
o 7 PR L AR T Y RS S TS 5 RS
PR TSMRE 220 3R B iem) PRI fb2es it
A5 B () . SRS S B RE T
DA B Ay B AR AR I 1431 B

AEgs Exciton = €°(No) +"(kS) — e(kf).  (54)

Forf \ ARFRAIXT I PRI, kg AR BN BK g
AR X LB OR, g ARFR S 7RO I B P K
e (ke) T —e" (kg) 73 BIACFAR B B0 T BT A1z
TN NLHIARE, €°(No) IRERIRE X HBUL RE.
TRARGE A A AER T RIRCT, ZA G H i
[ KT RE €0 () ORI, WU SRAR X 143
fig (40) N5 N

110305-11


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 11 (2026)

110305

2 Qc
(M) = 2 <A§ - c4> - /_Qc ar (N — k)& (k)dk,
(55)
RECTRLT (B F=RT) Mk BE (41) X HAKTT
5h

u HC
£ (k):kQ—uc—j. (56)

SAEWEIRT S WP Be L mT BiLAR R k7 530k
ReAHm, Hp
AEGs Magnon = £°(kT) + €5(Xs). (57)
Hop g ARSI BN ORI R %] LAY
W o, e (k) X LY BE B BAR R A A 5 R 2 1
(56) AT A ARCFR A HE 7] T R XF D i PR EE
3 (\s) TSN R A TR & RE
Qe
S(\s) = He +
S(0) / 5
PRI 1M 1~ BLAI &1 309 % 7 1) i T A T X 1) R
R TASRESHIRTENRERZIR N
AI?QF = AEUBS Exciton — AE‘GS Magnon - (59)
TERTVZERIRT, A =00, M =0, kY = k5, k=
0, FrAHOCI AR g4 A (54) XA (57) X AT15
AEqr = [€(0)| — [e°(00)| = ppe — He = pye- (60)
X5 3CHR (7] HEFR B AR B A e m) Rl
PR Fak M, R T A TR R S R
FAM AT A RN RE 22, 2B T, Al
] R B A= AT AR S (38) X —#Eat.

a1(Xs — k)eS(k)dk.  (58)

6 % W

HLT — R0 SR AR T B A RIS 2R A
(1 BA JERE i, RS2 BB DL ARSI s R, 7
ARSI bR A ) R A e 1 A A T 0 R 5 AT FIRSR AN
L, DTS BN AR ol HE 5 5 S R K
KRN AL Y e 5T R B Sl iy A e ) T 4%
JEORE T A TCAH ELAE A BE 1) _E 2K 14 Bl ) 2
AR, WA 2R AR AR A A AR K
EA R G HRIE, RGEMTE T A FA AR #k
SRR PRBA A R I ST BIR T O 1 e, S8
SUMEAERS: S shi/ T8 T ok st
G w R MRS, J kTS SOk
TIEBARETRS, PR SCIR BB Sy SO IR X 11 B

E AL AR R, H (R PRI BT 1T 132 50
AR SCIBRALIR , LR T A 3] 5 o DR e i 1)
PSR AR Y RE B 22 T X B AR 55 44006
SRR, WA IS SRS
AR TS BRI PR B Jo) 58 S 15 DX S P 1) 35
A 5 B 5 AT, PR B(E R T 1,
AR, SO BORL 5 15 SR TR R XS
IRz, P ABE/NT 1, BEESRE, &
SR AR iz B R i s, HLIH 2 i R
AIESWIEF ST, RPN A G5 b
MR dr ey B PSS HEA T 3A. HEK, 9 5 | AR ELAR
AR DGR 2 Bk TRl iR sh i 5 K T 9K sl i,
RIR pR A SRy BOCHK XU I IR 2T 1, 2
AL, HLRSSOCHRIE B BAs [0 AL Y
KRBALTA. fJi, #1958 TSI AR AR T
KLF sl A TR, 25 ST AT A AR R
JEF T R A S A e R A A g —
KA, A7 = 2n /|| HF A5 B EL BA J7
FEAF R RAT R — B FE ) R fese 3. A
SCAENS 5| R HAE TR K 8 71275 17 BIR A S 40
SRES T B A AE R, A B T T 2 A
P AP A S T RIS AH S AV BT A o
R e 2%

SR b R BRI R S EOR BRI T B £
BT e

S 30k

[1] Senaratne R, Cavazos-Cavazos D, Wang S, He F, Chang Y T,
Kafle A, Pu H, Guan X W, Hulet R G 2022 Science 376 1305
[2] Yan Z Z, Ni Y, Robens C, Zwierlein M W 2020 Science 368
190
[3] Yan Z J, Patel P B, Mukherjee B, Fletcher R J, Struck J,
Zwierlein MW 2019 Phys. Rev. Lett. 122 093401
[4] Chen S; Guan X W, Yin X G, Guan L M, Batchelor M T
2010 Phys. Rev. A 81 031608
[5] Cheng S, Chen Y.Y, Guan X W, Yang W L, Lin H Q 2025
Phys. Rev. A 111 L010802
(6] Robinson N, de Klerk A J, Caux J S 2021 SciPost Phys. 11 104
[7] 'Zhang Z H, Jiang Y Z, Lin H Q, Guan X W 2024 Phys. Rev.
A 110023329
[8] Gamayun O, Panfil M, Taha Sant'Ana F 2023 Phys. Rev.
Res. 5 043265
9] Gamayun O, Panfil M, Sant’Ana F T 2022 Phys. Rev. A 106
023305
[10] Mao R X, Guan X W, Wu B 2016 Phys. Rev. A 94 043645
[11] Song Y D, Barthwal S 2019 Commun. Theor. Phys. 71 617
[12] Henson B, Ross J, Thomas K, Kuhn C, Shin D, Hodgman S,
Zhang Y H, Tang L Y, Drake G, Bondy A 2022 Science 376 199

110305-12


https://doi.org/10.1126/science.abn1719
https://doi.org/10.1126/science.abn1719
https://doi.org/10.1126/science.abn1719
https://doi.org/10.1126/science.abn1719
https://doi.org/10.1126/science.abn1719
https://doi.org/10.1126/science.abn1719
https://doi.org/10.1126/science.abn1719
https://doi.org/10.1126/science.aax5850
https://doi.org/10.1126/science.aax5850
https://doi.org/10.1126/science.aax5850
https://doi.org/10.1126/science.aax5850
https://doi.org/10.1126/science.aax5850
https://doi.org/10.1126/science.aax5850
https://doi.org/10.1103/PhysRevLett.122.093401
https://doi.org/10.1103/PhysRevLett.122.093401
https://doi.org/10.1103/PhysRevLett.122.093401
https://doi.org/10.1103/PhysRevLett.122.093401
https://doi.org/10.1103/PhysRevLett.122.093401
https://doi.org/10.1103/PhysRevLett.122.093401
https://doi.org/10.1103/PhysRevLett.122.093401
https://doi.org/10.1103/PhysRevA.81.031608
https://doi.org/10.1103/PhysRevA.81.031608
https://doi.org/10.1103/PhysRevA.81.031608
https://doi.org/10.1103/PhysRevA.81.031608
https://doi.org/10.1103/PhysRevA.81.031608
https://doi.org/10.1103/PhysRevA.81.031608
https://doi.org/10.1103/PhysRevA.81.031608
https://doi.org/10.1103/PhysRevA.111.L010802
https://doi.org/10.1103/PhysRevA.111.L010802
https://doi.org/10.1103/PhysRevA.111.L010802
https://doi.org/10.1103/PhysRevA.111.L010802
https://doi.org/10.1103/PhysRevA.111.L010802
https://doi.org/10.1103/PhysRevA.111.L010802
https://doi.org/10.21468/SciPostPhys.11.6.104
https://doi.org/10.21468/SciPostPhys.11.6.104
https://doi.org/10.21468/SciPostPhys.11.6.104
https://doi.org/10.21468/SciPostPhys.11.6.104
https://doi.org/10.21468/SciPostPhys.11.6.104
https://doi.org/10.21468/SciPostPhys.11.6.104
https://doi.org/10.21468/SciPostPhys.11.6.104
https://doi.org/10.1103/PhysRevA.110.023329
https://doi.org/10.1103/PhysRevA.110.023329
https://doi.org/10.1103/PhysRevA.110.023329
https://doi.org/10.1103/PhysRevA.110.023329
https://doi.org/10.1103/PhysRevA.110.023329
https://doi.org/10.1103/PhysRevA.110.023329
https://doi.org/10.1103/PhysRevA.110.023329
https://doi.org/10.1103/PhysRevA.110.023329
https://doi.org/10.1103/PhysRevResearch.5.043265
https://doi.org/10.1103/PhysRevResearch.5.043265
https://doi.org/10.1103/PhysRevResearch.5.043265
https://doi.org/10.1103/PhysRevResearch.5.043265
https://doi.org/10.1103/PhysRevResearch.5.043265
https://doi.org/10.1103/PhysRevResearch.5.043265
https://doi.org/10.1103/PhysRevResearch.5.043265
https://doi.org/10.1103/PhysRevResearch.5.043265
https://doi.org/10.1103/PhysRevA.106.023305
https://doi.org/10.1103/PhysRevA.106.023305
https://doi.org/10.1103/PhysRevA.106.023305
https://doi.org/10.1103/PhysRevA.106.023305
https://doi.org/10.1103/PhysRevA.106.023305
https://doi.org/10.1103/PhysRevA.106.023305
https://doi.org/10.1103/PhysRevA.94.043645
https://doi.org/10.1103/PhysRevA.94.043645
https://doi.org/10.1103/PhysRevA.94.043645
https://doi.org/10.1103/PhysRevA.94.043645
https://doi.org/10.1103/PhysRevA.94.043645
https://doi.org/10.1103/PhysRevA.94.043645
https://doi.org/10.1103/PhysRevA.94.043645
https://doi.org/10.1088/0253-6102/71/5/617
https://doi.org/10.1088/0253-6102/71/5/617
https://doi.org/10.1088/0253-6102/71/5/617
https://doi.org/10.1088/0253-6102/71/5/617
https://doi.org/10.1088/0253-6102/71/5/617
https://doi.org/10.1088/0253-6102/71/5/617
https://doi.org/10.1088/0253-6102/71/5/617
https://doi.org/10.1126/science.abk2502
https://doi.org/10.1126/science.abk2502
https://doi.org/10.1126/science.abk2502
https://doi.org/10.1126/science.abk2502
https://doi.org/10.1126/science.abk2502
https://doi.org/10.1126/science.abk2502
https://doi.org/10.1126/science.abk2502
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 11 (2026)

110305

Simmons S, Bayocboc Jr F, Pillay J, Colas D, McCulloch I,
Kheruntsyan K 2020 Phys. Rev. Lett. 125 180401

Li J, Chockalingam S, Cohen T 2021 Phys. Rev. Lett. 127
014302

Qu Y F, Stefanini M, Shi T, Esslinger T, Gopalakrishnan S,
Marino J, Demler E 2025 Phys. Rev. B 111 155113

McGuire J B 1965 J. Math. Phys. 6 432

McGuire J B 1966 J. Math. Phys. 7 123

Li W L, Cui X L 2017 Phys. Rev. A 96 053609

Castella H, Zotos X 1993 Phys. Rev. B 47 16186

Castella H 1996 Phys. Rev. B 54 17422

Zvonarev M, Cheianov V, Giamarchi T 2007 Phys. Rev. Lett.
99 240404

Hu H, Wang J, Liu X J 2024 Phys. Rev. Lett. 133 083403

Hu H, Wang J, Liu X J 2025 Phys. Rev. Lett. 134 153403

Liu X J, Hu H 2025 AAPPS Bulletin 35 9

Meinert F, Knap M, Kirilov E, Jag-Lauber K, Zvonarev M B,
Demler E, Négerl H C 2017 Science 356 945

Zhang K L, Jiang X D, Li Y Y 2024 Phys. Rev. B 110 184304
Mathy C J, Zvonarev M B, Demler E 2012 Nat. Phys. 8 881
Wang B T, Vashisht A, Guo Y, Dhar S, Landini M, Négerl H
C, Goldman N 2025 Phys. Rev. Lett. 135 253403

Li R T, Cheng S, Chen Y Y, Guan X W 2023 J. Phys. A:
Math. Theor. 56 335204

Zheng M C, Qiao Y, Wang Y P, Cao J P, Chen S 2024 Phys.

(31]
(32]
(33]

(34]
(35]

(36]
37]
(38]
(39]
(40]

(41]
(42]

[43]

110305-13

Rev. Lett. 132 086502

Yi Y, Qiao Y, Cao J P, Yang W L 2022 Nucl. Phys. B 977
115732

Chang M L, Yin X G, Chen L, Zhang Y B 2023 Phys. Rev. A
107 053312

Peng C, Liu R J, Zhang W, Cui X L 2021 Phys. Rev. A 103
063312

Cui X L 2020 Phys. Rev. A 102 061301

Dolgirev P E, Qu Y F, Zvonarev M B, Shi T, Demler E 2021
Phys. Rev. X 11 041015

Yin X G, Guan X W, Zhang Y B, Su H B, Zhang S Z 2018
Phys. Rev. A 98 023605

Gamayun O, Lychkovskiy O, Zvonarev M 2020 SciPost Phys.
8 053

Gamayun O, Lychkovskiy O 2024 SciPost Phys. 17 063

Yin X G, Yu H R, Hao Y J, Zhang Y B 2024 Acta Phys. Sin
73. (in Chinese) [FHAHE, FHEN, AL, 5K = 2024 P34
R 73 020302

Wang S, Zhang Z H, Guan X W 2025 Commun. Theor. Phys.
77 055502

Guan X W, Ho T L 2011 Phys. Rev. A 84 023616

Knap M, Mathy C J M, Ganahl M, Zvonarev M B, Demler E
2014 Phys. Rev. Lett. 112 015302

Pan J F, Luo J J, Guan X W 2022 Commun. Theor. Phys. T4
125802


https://doi.org/10.1103/PhysRevLett.125.180401
https://doi.org/10.1103/PhysRevLett.125.180401
https://doi.org/10.1103/PhysRevLett.125.180401
https://doi.org/10.1103/PhysRevLett.125.180401
https://doi.org/10.1103/PhysRevLett.125.180401
https://doi.org/10.1103/PhysRevLett.125.180401
https://doi.org/10.1103/PhysRevLett.125.180401
https://doi.org/10.1103/PhysRevLett.127.014302
https://doi.org/10.1103/PhysRevLett.127.014302
https://doi.org/10.1103/PhysRevLett.127.014302
https://doi.org/10.1103/PhysRevLett.127.014302
https://doi.org/10.1103/PhysRevLett.127.014302
https://doi.org/10.1103/PhysRevLett.127.014302
https://doi.org/10.1103/PhysRevB.111.155113
https://doi.org/10.1103/PhysRevB.111.155113
https://doi.org/10.1103/PhysRevB.111.155113
https://doi.org/10.1103/PhysRevB.111.155113
https://doi.org/10.1103/PhysRevB.111.155113
https://doi.org/10.1103/PhysRevB.111.155113
https://doi.org/10.1103/PhysRevB.111.155113
https://doi.org/10.1063/1.1704291
https://doi.org/10.1063/1.1704291
https://doi.org/10.1063/1.1704291
https://doi.org/10.1063/1.1704291
https://doi.org/10.1063/1.1704291
https://doi.org/10.1063/1.1704291
https://doi.org/10.1063/1.1704291
https://doi.org/10.1063/1.1704798
https://doi.org/10.1063/1.1704798
https://doi.org/10.1063/1.1704798
https://doi.org/10.1063/1.1704798
https://doi.org/10.1063/1.1704798
https://doi.org/10.1063/1.1704798
https://doi.org/10.1063/1.1704798
https://doi.org/10.1103/PhysRevA.96.053609
https://doi.org/10.1103/PhysRevA.96.053609
https://doi.org/10.1103/PhysRevA.96.053609
https://doi.org/10.1103/PhysRevA.96.053609
https://doi.org/10.1103/PhysRevA.96.053609
https://doi.org/10.1103/PhysRevA.96.053609
https://doi.org/10.1103/PhysRevA.96.053609
https://doi.org/10.1103/PhysRevB.47.16186
https://doi.org/10.1103/PhysRevB.47.16186
https://doi.org/10.1103/PhysRevB.47.16186
https://doi.org/10.1103/PhysRevB.47.16186
https://doi.org/10.1103/PhysRevB.47.16186
https://doi.org/10.1103/PhysRevB.47.16186
https://doi.org/10.1103/PhysRevB.47.16186
https://doi.org/10.1103/PhysRevB.54.17422
https://doi.org/10.1103/PhysRevB.54.17422
https://doi.org/10.1103/PhysRevB.54.17422
https://doi.org/10.1103/PhysRevB.54.17422
https://doi.org/10.1103/PhysRevB.54.17422
https://doi.org/10.1103/PhysRevB.54.17422
https://doi.org/10.1103/PhysRevB.54.17422
https://doi.org/10.1103/PhysRevLett.99.240404
https://doi.org/10.1103/PhysRevLett.99.240404
https://doi.org/10.1103/PhysRevLett.99.240404
https://doi.org/10.1103/PhysRevLett.99.240404
https://doi.org/10.1103/PhysRevLett.99.240404
https://doi.org/10.1103/PhysRevLett.99.240404
https://doi.org/10.1103/PhysRevLett.133.083403
https://doi.org/10.1103/PhysRevLett.133.083403
https://doi.org/10.1103/PhysRevLett.133.083403
https://doi.org/10.1103/PhysRevLett.133.083403
https://doi.org/10.1103/PhysRevLett.133.083403
https://doi.org/10.1103/PhysRevLett.133.083403
https://doi.org/10.1103/PhysRevLett.133.083403
https://doi.org/10.1103/PhysRevLett.134.153403
https://doi.org/10.1103/PhysRevLett.134.153403
https://doi.org/10.1103/PhysRevLett.134.153403
https://doi.org/10.1103/PhysRevLett.134.153403
https://doi.org/10.1103/PhysRevLett.134.153403
https://doi.org/10.1103/PhysRevLett.134.153403
https://doi.org/10.1103/PhysRevLett.134.153403
https://doi.org/10.1007/s43673-025-00149-7
https://doi.org/10.1007/s43673-025-00149-7
https://doi.org/10.1007/s43673-025-00149-7
https://doi.org/10.1007/s43673-025-00149-7
https://doi.org/10.1007/s43673-025-00149-7
https://doi.org/10.1007/s43673-025-00149-7
https://doi.org/10.1007/s43673-025-00149-7
https://doi.org/10.1126/science.aah6616
https://doi.org/10.1126/science.aah6616
https://doi.org/10.1126/science.aah6616
https://doi.org/10.1126/science.aah6616
https://doi.org/10.1126/science.aah6616
https://doi.org/10.1126/science.aah6616
https://doi.org/10.1126/science.aah6616
https://doi.org/10.1103/PhysRevB.110.184304
https://doi.org/10.1103/PhysRevB.110.184304
https://doi.org/10.1103/PhysRevB.110.184304
https://doi.org/10.1103/PhysRevB.110.184304
https://doi.org/10.1103/PhysRevB.110.184304
https://doi.org/10.1103/PhysRevB.110.184304
https://doi.org/10.1103/PhysRevB.110.184304
https://doi.org/10.1038/nphys2455
https://doi.org/10.1038/nphys2455
https://doi.org/10.1038/nphys2455
https://doi.org/10.1038/nphys2455
https://doi.org/10.1038/nphys2455
https://doi.org/10.1038/nphys2455
https://doi.org/10.1038/nphys2455
https://doi.org/10.1103/2np8-mp39
https://doi.org/10.1103/2np8-mp39
https://doi.org/10.1103/2np8-mp39
https://doi.org/10.1103/2np8-mp39
https://doi.org/10.1103/2np8-mp39
https://doi.org/10.1103/2np8-mp39
https://doi.org/10.1103/2np8-mp39
https://doi.org/10.1088/1751-8121/ace80f
https://doi.org/10.1088/1751-8121/ace80f
https://doi.org/10.1088/1751-8121/ace80f
https://doi.org/10.1088/1751-8121/ace80f
https://doi.org/10.1088/1751-8121/ace80f
https://doi.org/10.1088/1751-8121/ace80f
https://doi.org/10.1088/1751-8121/ace80f
https://doi.org/10.1088/1751-8121/ace80f
https://doi.org/10.1103/PhysRevLett.132.086502
https://doi.org/10.1103/PhysRevLett.132.086502
https://doi.org/10.1103/PhysRevLett.132.086502
https://doi.org/10.1103/PhysRevLett.132.086502
https://doi.org/10.1103/PhysRevLett.132.086502
https://doi.org/10.1103/PhysRevLett.132.086502
https://doi.org/10.1103/PhysRevLett.132.086502
https://doi.org/10.1103/PhysRevLett.132.086502
https://doi.org/10.1016/j.nuclphysb.2022.115732
https://doi.org/10.1016/j.nuclphysb.2022.115732
https://doi.org/10.1016/j.nuclphysb.2022.115732
https://doi.org/10.1016/j.nuclphysb.2022.115732
https://doi.org/10.1016/j.nuclphysb.2022.115732
https://doi.org/10.1016/j.nuclphysb.2022.115732
https://doi.org/10.1103/PhysRevA.107.053312
https://doi.org/10.1103/PhysRevA.107.053312
https://doi.org/10.1103/PhysRevA.107.053312
https://doi.org/10.1103/PhysRevA.107.053312
https://doi.org/10.1103/PhysRevA.107.053312
https://doi.org/10.1103/PhysRevA.107.053312
https://doi.org/10.1103/PhysRevA.103.063312
https://doi.org/10.1103/PhysRevA.103.063312
https://doi.org/10.1103/PhysRevA.103.063312
https://doi.org/10.1103/PhysRevA.103.063312
https://doi.org/10.1103/PhysRevA.103.063312
https://doi.org/10.1103/PhysRevA.103.063312
https://doi.org/10.1103/PhysRevA.102.061301
https://doi.org/10.1103/PhysRevA.102.061301
https://doi.org/10.1103/PhysRevA.102.061301
https://doi.org/10.1103/PhysRevA.102.061301
https://doi.org/10.1103/PhysRevA.102.061301
https://doi.org/10.1103/PhysRevA.102.061301
https://doi.org/10.1103/PhysRevA.102.061301
https://doi.org/10.1103/PhysRevA.98.023605
https://doi.org/10.1103/PhysRevA.98.023605
https://doi.org/10.1103/PhysRevA.98.023605
https://doi.org/10.1103/PhysRevA.98.023605
https://doi.org/10.1103/PhysRevA.98.023605
https://doi.org/10.1103/PhysRevA.98.023605
https://doi.org/10.21468/SciPostPhys.8.4.053
https://doi.org/10.21468/SciPostPhys.8.4.053
https://doi.org/10.21468/SciPostPhys.8.4.053
https://doi.org/10.21468/SciPostPhys.8.4.053
https://doi.org/10.21468/SciPostPhys.8.4.053
https://doi.org/10.21468/SciPostPhys.8.4.053
https://doi.org/10.21468/SciPostPhys.17.2.063
https://doi.org/10.21468/SciPostPhys.17.2.063
https://doi.org/10.21468/SciPostPhys.17.2.063
https://doi.org/10.21468/SciPostPhys.17.2.063
https://doi.org/10.21468/SciPostPhys.17.2.063
https://doi.org/10.21468/SciPostPhys.17.2.063
https://doi.org/10.21468/SciPostPhys.17.2.063
https://doi.org/10.1088/1572-9494/ad93b6
https://doi.org/10.1088/1572-9494/ad93b6
https://doi.org/10.1088/1572-9494/ad93b6
https://doi.org/10.1088/1572-9494/ad93b6
https://doi.org/10.1088/1572-9494/ad93b6
https://doi.org/10.1088/1572-9494/ad93b6
https://doi.org/10.1103/PhysRevA.84.023616
https://doi.org/10.1103/PhysRevA.84.023616
https://doi.org/10.1103/PhysRevA.84.023616
https://doi.org/10.1103/PhysRevA.84.023616
https://doi.org/10.1103/PhysRevA.84.023616
https://doi.org/10.1103/PhysRevA.84.023616
https://doi.org/10.1103/PhysRevA.84.023616
https://doi.org/10.1103/PhysRevLett.112.015302
https://doi.org/10.1103/PhysRevLett.112.015302
https://doi.org/10.1103/PhysRevLett.112.015302
https://doi.org/10.1103/PhysRevLett.112.015302
https://doi.org/10.1103/PhysRevLett.112.015302
https://doi.org/10.1103/PhysRevLett.112.015302
https://doi.org/10.1103/PhysRevLett.112.015302
https://doi.org/10.1088/1572-9494/ac921a
https://doi.org/10.1088/1572-9494/ac921a
https://doi.org/10.1088/1572-9494/ac921a
https://doi.org/10.1088/1572-9494/ac921a
https://doi.org/10.1088/1572-9494/ac921a
https://doi.org/10.1088/1572-9494/ac921a
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 11 (2026) 110305

SPECIAL TOPIC— Ultracold atomic and molecular physics

Quench dynamics and quantum flutter properties of
one-dimensional attractive single-spin flipped Fermi gases”
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2) (State Key Laboratory of Quantum Optics Technologies and Devices, Shanxi University, Taiyuan 030006, China)
3) (Collaborative Innovation Center of Extreme Optics, Shanzi University, Taiyuan 030006, China)

( Received 2 February 2026; revised manuscript received 15 February 2026 )

Abstract

The nonequilibrium dynamics of impurities in quantum many-body systems constitute a frontier topic in
ultracold-atom physics and are key to uncovering the microscopic mechanisms of polaron physics and collective
excitation behavior. Compared with the extensively studied repulsively interacting systems, the dynamical
behavior under attractive interactions remains insufficiently explored in a systematic manner, owing to the
complex coupling mechanisms among bound states, gas states, and irregular states. We take the ground state of
a one-dimensional ideal Fermi gas as the initial state, and add a spin-down impurity particle carrying
momentum. The impurity has an attractive interaction with the spin-up fermions. We study the time-evolution
behavior of the two-body correlation functions between particles of different spins and the impurity momentum.
First, based on the exact solution from the Bethe ansatz (BA), starting from the eigenstate wave functions, we
analytically simplify the overlap integrals, the matrix elements of the one-body correlation function of spin-up
particles, and the matrix elements of the two-body correlation functions between particles of different spins into
finite-sum expressions of simple functions, thereby enabling efficient computations of the occupation
probabilities of a large number of eigenstates and the long-time evolution of the correlation functions. Second, in
the weakly attractive regime: when the total momentum is less than or equal to the Fermi momentum, the
dynamics exhibits features of bound states. The two-body correlation function between particles of different
spins shows a stable correlation peak and an outward-propagating correlation hole, and its evolution period
agrees with the period corresponding to the energy difference between the two bound states with the highest
occupation probabilities. Conversely, when the total momentum is greater than the Fermi momentum, due to
the superposition of bound states, gas states, and irregular states, the system exhibits complex oscillatory
behavior, alternating between bound-state-like and gas-state-like features. In the strongly attractive regime,
regardless of the initial momentum, the system exhibits bound-state-dominated features locally, characterized
by a localized correlation peak and Friedel-like oscillations induced by scattering interference. Finally, we
rigorously characterize the phenomenon of quantum flutter, namely the periodic oscillation of the impurity
momentum, and find that the quantum-flutter period is strictly determined by the chemical potential of the
spin-down impurity particle p., namely 7= 2x/|u,|. We obtain consistent results for the chemical potential of
the spin-down particle via four approaches: For zero total momentum, it can be obtained by deriving the
critical magnetic field and the critical chemical potential at the quantum phase-transition point from the
thermodynamic BA equations, and it can also be derived from the discrete BA equations via the energy

required to inject a single spin-down particle into the ground state of the ideal Fermi gas; when the total
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momentum equals the Fermi momentum, the energy difference between the gas-state magnon and the bound-
state exciton equals this chemical potential; when the total momentum is greater than the Fermi momentum,
by using the relation between the single-particle excitation energy and the dressed energy, we can derive that
the energy difference between the bound-state exciton states and the gas-state magnon states, which have
relatively high occupation probabilities and form pairwise correspondences, equals this chemical potential. This
work investigates the evolution laws of quench dynamics and quantum flutter in systems with attractive
interactions, which helps deepen the understanding of nonequilibrium-state properties in quantum many-body
physics and provides theoretical support for related ultracold-atom experiments on impurity dynamics.
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