Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

PR AR A UK RGFE B IRPUER S £ 83 P INESHR

BE BEN KAK DAL WM £ BE

Ground energy level transition for two—body interacting Fermionic system with spin—orbit coupling and Zeeman
interaction

Chen Xing  Xue Xiao-Bo  Zhang Sheng-Kang Ma Yu-Quan FeiPeng Jiang Yuan  Ge Jun

5] Fi{i5 &, Citation: Acta Physica Sinica, 70, 083401 (2021)  DOI: 10.7498/aps.70.20201456
TELR T2 View online: https://doi.org/10.7498/aps.70.20201456
A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

A EPLE R & U P i — LTk
Some recent progresses on the study of ultracold quantum gases with spin—orbit coupling

PPz 2020, 69(1): 016701  https://doi.org/10.7498/aps.69.20191241

— BRI A RERLERR S B 0 AR
One—dimensional spin—orbit coupling Bose gases with harmonic trapping

WIFREEAR. 2019, 68(17): 173201 https:/doi.org/10.7498/aps.68.20190143

Rashba H IEFLERL G T square—octagon it 14 F N AR

Topological phase transitions in square—octagon lattice with Rashba spin—orbit coupling

PIFRZEAR. 2018, 67(23): 237101 https://doi.org/10.7498/aps.67.20180624

LR 2E S BF R0 A BB AR I (02 AU SHBE R M e T3 ) 22 2 )
Effects of linear Zeeman splitting on the dynamics of bright solitons in spin—orbit coupled Bose—Einstein condensates

WIFRE4R. 2019, 68(8): 080301  https://doi.org/10.7498/aps.68.20182013

BREERE T E BB RE 5 e P 73 B 3 00— DR ST SHLBE SR AR A S 25T 5

Ground state of spin—orbit coupled rotating two—component Bose—Einstein condensate in gradient magnetic field

PIEEAEA. 2018, 67(11): 110302 https://doi.org/10.7498/aps.67.20180539

FRILHBE BB RE 5 e 3 (0% DR ST S SR AR A 2
Ground state of spin—orbit coupled rotating ferromagnetic Bose—Einstein condensate in toroidal trap

WAL 2020, 69(14): 140301 https://doi.org/10.7498/aps.69.20200372


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20201456
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191241
https://doi.org/10.7498/aps.68.20190143
https://doi.org/10.7498/aps.67.20180624
https://doi.org/10.7498/aps.68.20182013
https://doi.org/10.7498/aps.67.20180539
https://doi.org/10.7498/aps.69.20200372

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 8 (2021) 083401

1

F Hh B Z B AR EAE I, TR o0 0B 't
PR SY I S S A T V2 B )
G =81 R R RG] LUSE IR A EAE T
FERfERAE, RO FBER S R G I Y PR GE i
V6. BRI T PR HBCR R, (3
SR A O 5 EF R EAE R, 7ERe 5 rh s
WNGE HEHUERE G, fie 28 1 [E bR S HoRWF
FEBE Speilman WFFEA W FEHVR B @ADL T
— 4k HBEHUER G, ILPE R Zhang A5 P AN
& [FE R P T 24t Zwierlein WF5T 4 0 #4508 T —
4t H e BB AR S PR AU, LG R Zhang BFSY

RIEEEERAEXEREBRIERE
MESHPHESEET
RED BEED KARY 44D HBY ExH BEV

1) ([ LR B M, T ST A9, dbst 100854)
2) (tatfs BB H2ERE, Jbat 100192)

(2020 4E 9 H 2 HIK#E; 2021 4F 1 A 22 HUEHERR)

TR TR RGeS S IS H o, Wes| TVF 28 8 i BESY, R TR 2 M ar M BB 4. A
SCHFFE T AEERBE R, B B e B A A 2 A P 0 AR LA P S RS e o P R T B T AT
KA T PIARTOR RGEMAIERES . RGP &, v] LITEAS [R] S 3 23 [ b BF S R 3G WF 50 & B Bl
A E S M EAR R R, e R B gy dab s ), TR AR 2 0K R 48 (9 AT B ik 29 4 i P0G, 2R SR 25 M Bl ot Dy 2 8
[F1) e 7 B A FRARL 2 (). A 5 | B HE R AR EL AR, JC2E A AR I, S8 Bl I & o %, A 98 S M AR ]
A, 2 R gl T AR S AT BB T8 3 L AR S S A BE S, AR SCE M R R T FE S R B AL
FE T L

REEWR: PIRTORRSE, ARPLERG, JESMEAEH]
PACS: 34.10.+x, 34.50.-s, 03.75.Hh DOI: 10.7498/aps.70.20201456

N Pe—2PSBT 4 A RPUE R & SOR AU,
5oz FEI R AR AR R AZ TS B 7 e 3 6 <A 5
BT 24k HBEPERR Y, IXEERBON T A eI

=

FUBEBEIE R & 2R T FUBE N 5L A B AL s WhE R GRAL TR R

©2021 HEHEFS Chinese Physical Society

*ER BRRIARESF RS (IS 11704037) BEBIAYTREL
T EfE1EH. E-mail: chenxing08@mails.ucas.ac.cn
T EfEEE . E-mail: 13466728668@163.com

083401-1

HIEHIER & RE W R TV 2810
PG -3 WEE kR, ATEPLERG TR RS
RLHFra R T4, Pl INER A | Fulde-Ferell
(FF) A5 10101, B S 0], A TERERL A %
SRR S T = A4 T AR VR A $h AR 1722
DR RGN AR RER R T B
PG 23-3) 2 B A A W IR R G g
R T 2R ARG REH PL FF B X245 23, Rashba H
JHE BB R A T ARG B A R 7R T — FORT I R S
Rashbon, 7£ 5540 BAEH N REFE S0 T 55 B0
A BN 07 PRI RE SR AT AR PA0), FE i AH B AR

http://wulixb.iphy.ac.cn


http://doi.org/10.7498/aps.70.20201456
mailto:chenxing08@mails.ucas.ac.cn
mailto:chenxing08@mails.ucas.ac.cn
mailto:13466728668@163.com
mailto:13466728668@163.com
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. 70, No. 8 (2021)

083401

, WEIRT B A EPUE RS S AR AR K B T
PRSI ORGSO H AR PO 55 %k
W it — SRR R G PG B3 5E T S
ARICHIFE T AE—LER B b, BA A REBER S
TIZE S R R AR AR ORI fEve T R 4t
G S EOEAR S TSY D IR B S RS A
ST AR — 4 F e UE R R 2E S AR B
(R 43t ok R 40 P, R, 383k A 55 A AT Tl
i i i B DA AR AT LA 204 850 — 4 A
PR 9L 56F T WA TR] A, 38 5 AT LJORE 9 i1 A b
g S U AR XS AL bR 300 iz Sl A RS T kL1 ] AH
HAEH, Broghi s, il LIZEARE B s
23 [ AT RERE . AR SO AR B ST, Y
P 2R L RERE W 2 A1 g B ) 9],
ARICHEFE PR SR R GE, T ANz 35 5
B B A AT B R i B8 DRI, SR P i
BRITE, AR T AT AL e FIAE RS, S8
TPRFOR REGREHR A REPLERS | 28 2 AHEAEH]
AL SAH LA AR B A Py B TR RS R TE.

2 FRTHRA

TERBE, Z i — D EA A G | %2
AHE AR HTFURL T (B 42 Al EAE T 2K REE, W5
it i K7

2 2
H :/dxa; {_;nai? +a6” (—ii) + ﬁ&z] a,
+o [ alal anaunds, 0
HH, @y = (a1, G0y) RPISMEIHERE, 1EFB
H, AP @, = aqyr, Horh LZIBHAK; 58
— RN ORI R, Horh m kLT BT, 67
FEREFERAT, o A BEPLER G REL, B %E
SHEAEHFREG 5 IR 8] B4 A A

H, g MAHEAEHZREL

PR SR R G I PR AR R
v (&El, xg) =

[ lonstarazlal yaly + vns(ona)al ol

+ (e, x2)al, jal,, + gy (o, 22)al, ol ]
X d$1d$2|0> (2)
R (1) A PR AR (2) fUAREE TS 5

Hw (71, 22) = EW (21, 22), KT K R G W) 2
é/‘j/f‘ty‘ij (371,.%'2) = E’l/) (1'17372), ;H\:EP’

m2 9? 0
H = L z
( ZQ 2m; Ox? 1a9i Ozx; + BUZ)

i=1,

+ g6 (1 — 22) 0o, (3)
Hrph, oMoRRATETH L H o #0; ¢z, 22) =
(Y1121, 2), Yry (@1, m2), Yip (21, 2), Yy (21, 72)) T
FEIRBIE R, AR B oK 2R G011 T8¢ PR BT Tl FEL S 3
PG AT, FoR N
Y (z1,22) =9 (21 + Lyx2) =9 (w1, 22+ L) . (4)
M T ATEHLER A MZES AN, A EA T
SO TR, AREFESE—A e A R R A
PRSI AR BR S 43, T 2 RIS 25 5 1 e 43 5 A
ZIRIRR A, 5T A eI AR I PR AL

3 B A A A AR 2 ]

SIAFOD AR X = (21 + z2) /2F1THH XF A8 B
T =1 — xo, EE (3) HHFRN

K192 0? )

H= - " |- _—272 ) _jac¥ =
om (23)(2 8z2> Yox
. o] — o035

9 z
5 on + Bo“ + g0 () dos, (5)

HroX =0t + 0 Fo? = oF + 0f . TR SAHXT
e ], TSR R30S 30 50 AR
PRI T RO Eh IR 1 (5) =
I BT RIS T LA, 1B 201 5
ARV AR AATIER , R T I 1
FHL ARG S e, 5T B b st
K = i R BIOR T 1 58, 90 S
55, JEUFRE T AL SR T RGN A AL AEAS 1
IR ] R AR
A AEW RSP TR T, %0

— 1

Ut (K, k)
: : 1/JN (Kak)

)(7 — A iKX+ikx , 6

¥ X.2) ;e Yur (K, k) ©)
wii (Kak)

Hrh A BA—CREL, K s, k2ol
PP . Mo Ml o’ Fes AT B, e PR R
— IR Yoo (K, k) FoRANTR] H BES - 1 5 11 Ji&
2B SRR REE TS TR, RS Yoo (K k) HY

083401-2


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 Z 3R Acta Phys. Sin. Vol. 70, No. 8 (2021) 083401

fERTRIRI, LU Yoo (K K) 5 N Yoo .

SR BRECZ BT, T St A M0 R e 3
HCRECT KA ERYIEFL. A o (X 2) PRy X FI
z A F| Ty, T2, ﬁﬁ%{ﬁg@ﬁfﬂ) (%,@)%@ﬂjﬁ, (R
AR R (4) 20, S3hi K FUARXS ) 5
I kT

2
K, — % (7a)
2n'n . "
- n A AT,

k=9 (7h)
o/ +1 o
CEDR s,

(6) SRy JCRN kA SIE K R K Fm, o n
W R AR T BB R TR, T A T
HIX S R BT AL I (7D) A, k5
SRR n B2 47, S OB ORI
XETAERY . BVASE BETRE K, TR ATE g
i B4R B

hT TR IR S ENE R, 51 AR
(o) = T S T B (6) FARABEE
DR HY (X.2) = B (X,2), IFJy

(E('r)L,n’ + 2ﬂ) 1/JTT

Kn n’ Kn n’
Oz(2 kn)w¢¢+a<2+kn>¢w, (8&)

(enmr = 28) Yy

K, K,
Kn n’ g
Enw ity =@ (2 + Ky, > Uttt o7 D@ — i)
n/
Kn .

Kn n’ g
Enw it =« (2 —Fkn > Ut~ 57 > @ — i)

(T3 m ) v (34)
Hofeo g, - [KE’ + 2(/;:;’)2].
’ 2m | 2
IA = s v Al = (ot
P11), LEETITRR (8a)—(8d), FTLAFEE s Fll b, Y
ikt

1/)3 =
g Zn, s
! 2 ’
, (0Kake, )
L E?z,n - 2E:n (akﬁ ) - 1 ’
52,n’ - igz,n’ (aK")2
(9a)
Kk e b
Yo = — w (9b)

1
el - i(aKn)Qer

n,n’

1 1
+

o = + .
o 591,11’ - QB €9L,n’ + 26

(10)

s TR (9a) HEFFATERE R A 1A T FE,
FIRA

L 1
g nz (onKnkﬁ/a;,n/f
S 1E:n,(aKn)2

’ Y
R R AR (11) S AR TR, RAS T AR SR
KELRUE i I AREGE &= E,. R (11) AT45
AAERETE E T £ K, 2 i IF 1, LN 38K, >0
FACER. B B AR BRI ARA TR (9a) FIT R
(9b) H, RAGHER AT s Bl by . [RIEE 4pgy FTop )4 38 I
N R (S VNS R o I | RN : BUR NI |
Yy A, H— A5 15 B0 10 5 PR 38 1R 1
FYASAE RE /A1 PREL, SR T IR TR R 1 B
PR ARG BT .

0 + "2
En,n’ _25n7n’ (akﬁ ) -

4 HR 51

FEXTNRIAY A BERUERE G | 22 A AR IR
fil AR ELAE TR ER, A SO T PR K RGE DS
fEiEMzshE . BMh=1, m=1fL=1. B3hF
K, jetf w480 aT LU nRAE. Yn=0Fn=1,
SRS Ko= 0 K, = 2r.

T, F AU B AR ok R4, RI
M a=0F 8= 00}, AAERER R AR (11) X2y
1

083401-3


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

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 8 (2021) 083401

A T A A 3
K21 K2
G )
1 n A AL,
g /
n AL,
WAEiZ Al 7
k' = (2I—-1)n — 2arctan (k'/c’), nAIBEL,
k' = 2Im — 2arctan (k' /'), n AT, (13)

Ho k' = /B, - K2/4, ¢ =g/2. 24 T N3,
(13) G PR R G B3 by (12) XE5R
—

B IERA A BEPLERE S 0 SORH AR &R
gi. W26 =0, AMERERR) AR IR (11) XA
1/g=

2
o 17K2 402 (k™
By 20 )
Enmg |5t 20

(14)
Hi (14) AT, Mg — 0, AGERER B, — K2/4+
(WYime%M%$ﬁ¥%$ﬁﬁiéﬁﬁ
g=1, [ 14T Mn = R, 7648 Ko = 078
], FRAAE It Fo B2 1 e RS & B o 5
1. B o i, AEREREHE /. [ 1 i
I T RERE B + o2 B o 14T LU F 25 £,
TS BT AR IS, WS B e e &
SO JoF 4 TF AR, i A 45 FEI SO S R 4k e o,
B PP MM T ) LR 2 R,

S ELAT LI R 2 SE M AR O 20
KRG, M TR K, , RAE AR B, 8 i 5k
i AT (11) SUARAE AR, X T Ko = 0, 4
FFRERL B3 782 (11) SUAT A2 16

1 1 232
1= e B

n'

n a?kn?

En — k2 —24/B% + o2k7'2
n OszZ;/z

E, —kv242,/82 + a2kn2 |’

MIZA 15, HHEAEH g — OB, AMERER & T
EM2HEN2 +2,/B% + a2kn'2.

—50 +

—100

Ey

—150}F

—200

—250

1 kg s Eobis ATEHUEM G S0 o 9Bk, i
BHh Eo+ o a)B, n=0,g=1, =0
Fig. 1. The lowest energy FEj versus spin-orbit coupling

parameter « . Insert is Eo 4+ a? versus . n=0, g=1,

B=0.

Bl 245t THERSHEAEHg=1Ma=12n
KT, BiE M EAEH RS, AL
im K, 25 h iR filRae i B, 22y &, aniEl 2 By
N, BEE FES A AR BHE K, BER B, BTN,
TE A BBl (8] 1 B (IR RB R H] & 2E T RE S X
M BENET, Ey < Ey, WS = n i, PIR 2K R
GLILBRER N Eo, BRI ESIE N K. 8 RBK
B, MHHE, By < Eo, WG = 2nBf, By < Eo, P
RIKR RGN RE RN B, BB B3R A K.
gr LTk, B BIXGIN, PR T K RGN
Ko ® 2 K\ 73 [W]. 38 2k 14 0 28 & A0 B AE FH 58 B
RGBT IR R 2] T Bz st iR,

_6t+ \\\
g -9r N
B S
N
—12r N
\\
—n=0 S
—15-77,”:1 N
0 2 4 6 8 10

2 TESSMIEARHAAF T R ARAE it Eo M B B & R A
BRI, g=1, a=12n

Fig. 2. The lowest energies Fy and Ej versus Zeeman in-
teraction parameter [ in the weak interaction condition.

g=1, a=12mn.

083401-4


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 Z 3R Acta Phys. Sin. Vol. 70, No. 8 (2021) 083401

10 10

10

=

® —10} & —10f

—20 —20

()

® —10f

—20 }

3 BEit Eofl By BB MM EAER g A2k, a=12r (a)8=0;(b)B=mn;(c) B=2n
Fig. 3. The energies Fy and E; versus contact interaction parameter g, a« = 1.2n: (a)3=0; (b)8 =mn; (c) 8 =2=n.

K3 45 T AR A AR IR g FAERE
B, AL, AR R oK R A LA &R
B, AR IE 27 IR 5 TAR B4 B HR e A ELAR
H1. 457 FEPUERES R o = 1.2n, 18 3(a) 151 3(c)
Xt T AR JE S AR B ISR B, RESR B, AL
TR EAR R R g A4, 18] 3(a) B BL T 72T
FELMEAEN (B=0) K0T, gk By B2/ T
By, MRS S S BIR 4 % B IE M E A
I, & 3(b) FIE 3(c) BB T REH AL XKL 18
K 3(b) i, HEEBMEAHRELS = nitf, fE5R K
SUHEAE T A5 RE R0 Eo, 5247/ T8 By, MTE
2w, MR B LRSS HEF AE R 2SR Eo,
HaRHERF TR i, K 3(c) B T B = 2n it
AAEREREAY L, sk 5| T 2EASRERA B, SR HET
N0 By xF LA 2 AR AR SS R AR TR SRS RE AT
N E. Li ERTiR, BA SES M EAEHIN, Mgk
ARG RE AR AN AR T B A EAE R A
[F) A R R B A B A T NI 5] B HE e e A2
BHATFE 2 M EAE IR B oK RIS RE RN o e
B By, R3S R i NER R PRI,

N T EE AR RS R VE B, A TTHE T 0
fill A ELAEF (g = 0) Wf, B3R K T A AL AE 4 I

1 2
AAEAS. WOB T BB Ho = —3 o+ a0

<4£)+%4K%@E%ﬁﬁ%ﬁﬁ%§ﬁﬁ
TEHT (a=0, B=0) R, B30k TREREA R T
B e, SEAS A po — 0. FiAS 2K T4 3R )
1S B RE L, L R,

U4 EREBLEER S (8 = 0) R4S, HM TAE

RBt N e, = po/2 £ apo, ATEPERG UL o) &=
po FUZEAEI, «— F1 — XK 0. 1 A BES. 76 A 125
] BF, BB 25 M po = 0% 742 B BR 2 & {H
po+ = o, FF5 T H S & (W kAR 3 A
ABE (po — —po Fl oy — —0, ), ME AR,
REEA Z, PR, I RGN IR,
SEEAASES SR, Wi, 4 HiEshiEa S
FJ0F, PITOKRF SIS, S E.
ER IR R EMET, shimh— R &l
po = 2mng, no AREEL, I IS Zh 7 S Lo f A
R, Bl potalfik /M. 2 —n+2mm <a<n
+2mng, F& A AN B B R pos = £2mny. 4
a=02n, WAHng =0, FEHp =0. Ha=12n,
WA ng =1, FEHNpo+ = +2n.

e, R HA S MR A RPER S
TR FRGE. NHIBESHEEN (a=0) B,
HBE ] bR BE T AR BRI A R BF L, A
AERR, HEEMRAA/NS ZESAH EAE M RE B4 K.
M BHIERS, FBER T B 2RRFREMFRAL, HRAR
REHATIAL T po = 0, Tl A TEM BB T, 21k
PR RGNS A BEM T W 9K FRESL, R
H e b aed, Ik 2R 9ok RGEELE M B30
HHTET NGRS E. BRI TRS, —
MR THIHARMEER po=0, 5 —HR
po # OIS, MUA BB A FRAE. S 2E 2500 5
F2EF, YO0 S A BRE. g2
AR A BEPERS R, R AR RE &

2
+ _ bo

2
_ Do
P0_5+\/azp%+/@27 6p0:§—\/a2p3+52-

e

083401-5


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 Z 3R Acta Phys. Sin. Vol. 70, No. 8 (2021) 083401
40 60 60
(a) (b) (c)
A A A A
40+ 40+
A A [ [ | ] [}
20}
® u u © 20 © 20t
A A
of of
0 '\ B n E g =
Be We We
Aet Aect Aet
BT — 0 5 10 REE T — 6 12 BT — 6 12
Po Po Po

K4 MR TRES e Mlet

(a) a=02n, =01n;(b) a=12n, B=7;(c) a=12n, f=2n

Fig. 4. The single particle eigenenergies with two branches e and e*: (a) a =0.2x, 8 =0.1n; (b) a =127, f=m; (¢) a=1.2n,

B=2m.

£ H B2 TE, Y o? > SEF, B BEPUERS RO K
F AR, Bk SR IR, AN B & R
pox=%ay/1—(82/at), et R e,  =—(1/2)[’+
(B/a)’]. B BB, P/ ME po,+ BRI,
M8 =B, X WA /IME RS R B B /ME
po=0.Y8 > *if, ZEEAMENEH L EIEN, £
Bpo=0, MR WILSEER N ey = —8. TEFPE
NAFAET, UM, S REE R HUH po = 27, .
B ABEHUER G S BRI, T e, 0 <ep
M, MR TR FRRUE AL T F T JEAS, RS X
NS po.+ = E2mng. MIESAATAEM L ER
W, WA e < e, o, SEEDH N po = 0, IMKAEY
sl po’ # 0. N, Mne = 10}, ey < e, IHE
HB>a?—n?, 2B =a?—n%. M8 < B, HIEHL
VG EAEH, PR SR K 7 b 45 74 i O 2
A, BEhiEAE. Y B> 6, EEMEEHNES
YEH, PR K FARUIA SRR AR RE Y . T3t
PR RED, Esla A FRAE.

Bl 4 25 0 T AR A e IE R  F 26 240 1A
B0 OB T RER 450 . ] 4(a) & A EFLIE
MEMESHEMAEHZSER /D (a=02nH 6=
0.1m) B BEL Z5 R 1. AT LIE Y, BETE B F 20 %
e ARBERII N po = 0, PIIRTCH BAEFHZKR T i
WXL, HiEa=12r, WHn =1, LA}
Be = 0447 ~ 4.34 . [&] 4(b) J& A e PLIE R A A1 %€
SHEEHSEE RN (a=12nf18=n1n<8)
REZ A, PR TCHE BAE 2K T 5 6 e, R4
AR, I3l pox = £2n, XTI A B3N &

3. K 4(c) RZEZSHEAERE R (a =121
B =2r> B ) BIRESIE, PIARTCAHEARHI SR T
i 1 e, AP R AIRAESL, BB N po =0, IRZ
Hpo’ # 0, XA SN A BRI, S A HAR
FHBER, S gh i N SAS B FRAE, ST b
ARGy LA e TP 2 b 55 HER A AR T RS A AR
Rk
PR R G Bl A ] AR

n(py) = / O (p1,p2) W (1, p2)dpa,  (15a)

n(p2) = /w* (p1,p2) ¥ (p1,p2) dp1, (15b)

Hrr, ¥ (pr,p2) B (w1, 2) A B BR TR, 4] 5
25 T PR A EAE TR R A TEE R G o
MIESA AR MRS, H A A
WG 5ESMEAENREIUE S E 4 th—3. By

K5 XFARMN g, HENHEIN, g=1
Fig. 5. The momentum distributions of ground states for
different o and 5, g=1.
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Abstract

Experimental realization of artificial gauge field has made it possible to simulate important models with
electromagnetic field or spin-orbit interaction in condensed matter physics, which opens a new avenue to
engineer novel quantum states and phenomena. The spin-orbit coupled system reveals many significant
phenomena in condensed matter physics, such as quantum spin Hall effect, topological insulator and topological
superconductor. The combined effect of Zeeman interaction and spin-orbit coupling leads to a nontrivial
topological phase. The analytic solution of few-body system provides an in-depth insight into the physical
phenomena, which has been studied extensively. Through the analytic study of two-body physics, we show new
quantum phenomena for various gauge field parameters. We investigate the two-body interacting fermionic gas
with spin-orbit coupling and Zeeman interaction in a ring trap. Through the plane wave expansion method,
two-body fermionic system is solved analytically. In the absence of Zeeman interaction, the total momentum of
the ground state is zero. With the increase of Zeeman interaction, an energy level crossing occurs between the
lowest energy levels for different total momentum spaces and the ground state changes from zero total
momentum space to non-zero total momentum space. Considering the Zeeman interaction, the total momentum
of the ground state changes from zero to finite value. The single particle analysis shows that the ground energy
level transition is induced by Zeeman energy level splitting. The momentum distributions of the ground state
are given to provide an intuitive physical picture. This work can be further extended to the exploration of the

heteroatom system, lattice system and higher spin system.

Keywords: two-body Fermionic system, spin-orbit coupling, Zeeman interaction
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