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Fig. 1. The Cooper pairing mechanism near the Fermi sur-
face in the BCS superfluid phase and the FFLO superfluid

phase.
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Fig. 2. The phase diagram of the FFLO superfluid phase:
(a) The superfluid phase diagram corresponding to differ-
ent interaction strengths and chemical potential differences;
(b) compares the critical chemical potential difference pre-
dicted by theory with experimental measurements. This figure
is taken from Ref. [35].
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Fig. 3. (a) The phase diagram of a homogeneous system,
with the horizontal axis representing the chemical potential
and the vertical axis representing the spin polarization;
(b) a schematic diagram of the direct mapping of the phase
sequence in the homogeneous phase diagram into spatial
shell-shaped distributions in the trap. BP1 denotes the po-
larized BCS superfluid phase with only a single Fermi sur-
face (the FFLO phase is not shown in the figure). Panel (a)
is taken from Ref. [36].
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Fig. 4. Illustration of the Fermi surfaces for the formation
of the FFLO superfluid phase: (a) The case without spin-or-
bit coupling, where the Fermi surfaces are isotropic and the
system preserves rotational symmetry; (b) the case with
spin-orbit coupling and an in-plane Zeeman field, where the
Fermi surfaces are significantly distorted and the rotational
symmetry of the system is broken. This figure is taken from
Ref. [59].
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Fig. 5. The mean-field phase diagram of the polarized Fermi gas with Rashba spin-orbit coupling: (a) The case without spin-orbit

coupling; (b)—(d) the cases with spin-orbit coupling. The vertical axis in all panels represents the polarization, the horizontal axis in

panels (a)—(c) represent the scattering length, and the horizontal axis in panel (d) represents the spin-orbit coupling strength. This

figure is taken from Ref. [59].
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R 2 WALE MAEDE k25 [ B0, 0 45 1) ST T 1T e Bl A1 18T P9 B D e M EE . SRR BR T s BRA,

TS RIS N AZ R REAS
Table 2.

The distribution of the susceptibility M in momentum k spacel. 6 denotes the deflection angle of the aniso-

tropy in the plane perpendicular to the rotation axis. Except for the s-wave type, all other types in the table are altermag-

netic states.

FieS W2 [ oA

sl M o HEL

pilk M o kg c0s 0 + ky sin 0

di M o< 2k ky cos(20) + (k2 — k2) sin(20)

£ M o kg (k2 — 3k§) cos(30) + ky (kz — 3k2)sin(30)

gl M o< (ki — 6k2k2 + ki}) cos(40) + 4kzky (k2 — k2) sin(46)

ik M o (kS — 15k3k2 + 15k2k; — kS) cos(60) + 2k ky (3k; — 10k2k2 + 3k ) sin(60)

RS [ HA R A R S B RE B G2 . A AR 4 10
SRR R, MARR PR TR 52 BT AR R Y
FARREAE, WNIE 6 Frzs. i T 3R SRR 2R i
B SOK IR R IR REC TR E | TESS R4S
H B K T PRI ) R A | O AR LA R BE XA
N2 BRI ST R, X (2 6 9K
B A TSR R H A SR

Superconductivity Magnetism

o

g

£ Cooper-pair Spin

4 phase orientation
|| -t
- -‘

g

g

s Ky

K6 #&mEdE (FRBARGE) 5% 5 )
WAL 1 2 KT 3% B B SCRK [79)

Fig. 6. The Fermi surfaces under isotropic (conventional po-
larized system) and anisotropic (altermagnetic state) polar-

izations. This figure is taken from Ref. [79].
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THITH e RGN RS, SR G P YK
(22 [RIASIE T ) HAT 45 i) Sk, D7 A e X gl

Bt 22 PR B 2 ) i B B X AR PR AR A, BN, X T
d,y PR EERERS, DR R BT 7 =X B 352 3|
AR AL T 18] (R 5], 214 S8 At g I (14 540
i —BERT, R R EA FFLO #ifAH (WA 7).
FERMEAF IR, IR R e 2] GenYId
Xif oy f, T e B i 2 (6] Oy 28 () e L VA
B B X — IR R, ARG R g AR A
IS B XA ELAVE FH 3R, 348 32 3] 9% oK i LA

1.0
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BCS -
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2 4 6 8 10
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1O ()
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Z tAM,c
s
0.25
En/&p
T dey BESEERES RS FFLO AH IR, 2 2845

BETI SR BE tam  (a) BRI AR R AL s (b) BRI 21
B AH ELAE P 3 (Y A AR e . PRI A SCIR [95]

Fig. 7. The FFLO phase diagram in the dg, -wave alter-
magnetic state system, the vertical axis is the strength of
the altermagnetic term tam : (a) The horizontal axis is the
chemical potential u of the system; (b) the horizontal axis is
the binding energy ep characterizing the interaction
strength. This figure is taken from Ref. [95].
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Fig. 8. The physical picture of the polaron state. An atom
with pseudospin | interacts with the surrounding medium

atoms with spin 1, forming a polaron state.
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Fig. 9. The contact coefficient s as a function of the scatter-
ing length a. This figure is taken from Ref. [102].
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Fig. 10. The temporal evolution of the overlap integral
factor S(t) and its phase. This figure is taken from Ref. [126].
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SPECIAL TOPIC— Ultracold atomic and molecular physics
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Abstract

This paper presents a review of diverse superfluid pairing mechanisms and their associated many-body

states in polarized Fermi gases. Based on the Bardeen-Cooper-Schrieffer theory, we analyze the role of Fermi

surface properties in governing atomic pairing behavior, and subsequently introduce the finite-momentum

pairing mechanism. Then we examine how spin-orbit coupling, serving as an artificial gauge field, modulates

these finite-momentum pairing states. Furthermore, we focus on the altermagnetic state, which is characterized

by broken time-reversal symmetry and vanishing net magnetization. We discuss that its alternating polarization

in the momentum space can lead to the Fermi surface anisotropy that generates unconventional pairing

associated with the spatial point-group symmetry. Finally, we discuss the polaron with the quasiparticle

behavior manifested by minority impurity atoms in the extreme polarization limit, and explore its applications

in probing many-body physics. The above investigations reveal the rich phase diagram of polarized Fermi gases

spanning from collective pairing to single-impurity excitations, and lay the theoretical and experimental

groundwork for the exploration of novel quantum many-body states.
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