& i

A EBECH
BRI

k)

45 EBECH RN

TR
LT A 32 AT ST

July 5, 2007




i ; i

MY EBECH
BRI

k)

Q@ 27 2BECZ%

© % & 49 Gross-Pitaevskii 32

@ At

Q %5 EBECHMEIZE




& 4

A EBECH
BRI

k)

%5 ¥BEC#

%
5 % 2 A8 15* %, ?

Pitaevskii #




i ; i

MY EBECH
BRI

k)

%5 ¥BEC#A
%

o A AFES DB RKL?
o R FRALARMFETIM N Ry sdty, AR+
g R




i ; i

MY EBECH
BRI

k)

o Ay : R—MAEWARRIZE, XFEIRRT
25 ¥BECA 194287 Rh 425 Rb

%




o, Al
- ~ .

MY EBECH
BRI

k)

CES o Ay : R—MAEWARRIZE, XFEIRRT
e 194287 Rh 425 Rb

o PN TEARKmME, Flin
STRb: |F =2,mp=2> F|F = Lmp =1>FMAE




g P
- ~ .-

MY EBECH
BRI

k)

8% °o By Fl—MAXRNWIERLE, RETFRT
%% ¥BECA 1) 4287 Rb#=28° Rb

%
o B W AR A M, e
8TRb: |[F=2mp=2>#F=1mp=1>RAA%

o ¥ m: HMALSWETHLSAFE

M:/MMF
EZGAAU(1) x U(1)3 bk




a 2
AmHEBECH
flyrares

k)

%5 ¥BEC#A
%

o Fl—LAMBE —ABHmEMYRLE, RTAIRZH M
7 ) ST VASK AT o

Pitaevskii #




MY EBECH
BRI

k)

%5 ¥BEC#Z
- o Bl — A E B —AAEmEM G RA, BT X IAZK
78 5T Akt

o e BHETHRN=) N, ¥k




o, P
- ~1.

e o 4 & #9CGross-Pitaevskii 42 K2

k)

£ = THBl0n) — 0] + [8(0uc) — (@uch)oal)

- o
Ao ——(|3i¢1|2 +|8i2]?) + 116 1 + ol

8 Gross-
Pitaevskii >\11 A22

% , (¢T¢1)2 >\12(¢1¢1)(¢2¢2)__(¢2¢2)




. il
- = |

P BBECH o % #Gross-Pitaevskii 45 K&

k)

£ = THBl0n) — 0] + [8(0uc) — (@uch)oal)

h2
—m(|ai¢1|2 + 8i2[?) + 1l b1 + padh

R o
49 Gross-
Pitaevskii # >\ —A
o T (6161)2 — Mal8ln)(02) — "2 (0102)?
A2
Ni = 3




& 4

A EBECH
BRI

k)

»#BEC#

AHE
#)Gross-
Pitaevskii
®

o M4 & #9Gross-Pitaevskii 32 X, &

ih
£ = F{[el@en) — (@o))or] + [53(0162) ~ (Au0h)¢al)
ﬁ2
—m(|ai¢1|2 + 05 |?) + 1l b1 + padhdn
A A
— 5 (8101)° = Ma(6]n)(8hea) — 2 (6102)”
o HLPBAF M ELT MK K a;;
4rh?
M
o M8'Rb, a11:air:axn =1.03:1:0.97, JLHT AR

Aij = aij

A1 X A2 @ A=A



i ; i

MY EBECH
BRI

k)

o HKZBTUE R E AN X (b= (¢1,02))

AHE
49 Gross-

i h2
Pitaevskii % L= %(qﬁTat(]ﬁ = 3t¢T¢) — m|az¢|2 —V(l¢l) — 5:U'¢£¢2

®




o, oo
- = |

MY EBECH
BRI

k)

o BRBTUS M E AN X (o = (41,02))

R o
49 Gross-

i h2
Pitaevskii % L= %(qﬁTat(]ﬁ — (9t¢T¢) — m|az¢|2 - V(l¢l) - 5M¢£¢2

®

o TUAEH By = p2, B0 = 1 —p2 =0, RAE
FHUQ2)x Atk o Sp g s ARk s 2]U (1) x U(1)




& 4

A EBECH
BRI

k)

o FREMLSWH, MM HHETRS = J5p¢ (T =1)

AHE

49 Gross-
Pitaevskii
®




MY EBECH
BRI

k)

o FREMLSWH, MM HHETRS = J5p¢ (T =1)

AHE > P 2
49 Gross- o '%‘ 2%%'\%4_\' ,tﬁ 2 7"7
Pitaevskii
®

1 1 A S oo
M= 5@ + 501068 + (0 — ) + 57768




; i

AmHEBECH
IR o B4 TFIB X
P ( )
e ;
cos =2 exp(—iny
p=rplo), &= sin f(g) ( )

Pitaevskii #
i

Rk AR




o, P
- ~ .-

MY EBECH

RIS o BAn TR 1%

flo) ;
COS 5~ ex in
p = p(Q)a §= ( f&;) p( <p) )

sin

k)

o RZWEKUET RYhah A LAY, ik
S ERS, A0 40 Bk I E (S KR, AL A
Q= _ﬁ/eijaifTajfdzx =n.

K 51 F % 5 FBEC 9 %38 %% 4 (my (ST) R 4E).




= 2
A EBECH

RIS o B TR X

f(Q) ;
COS = exp|—tnhe

sin =~

k)

o X EWHAU(L)HE T RYrash A LRI, i
F RS, S8 dE A B Wms(S2) A, BN AT

Q = —ﬁ/eijaifTajfdzw =n.
R 5] F % /> S BEC ¥ #9438 % 7% 2 (w1 (S1) & AE) 6

o M FXEBIGRE B—ANEBHHE LM%, A FE
5T B




MY EBECH
BRI

k)

Pitac

1S

Rk AR

ARG 0y 22

Figure: solid line §u/p = 0.1; dashed line du/p =

0.2



MY EBECH
BRI

k)

Pitae

re

Rk AR

skii ¥

=

|62

15

20



& 4

A EBECH
BRI

k)

Xt 5 Y iF 7 fE B AR

z/l



i ; i

MY EBECH
BRI

k)

o Fhe TR IX

p=plo), E= ( cos% exp(—iny) >
’ 0

sin 5~ exp(imkz)




o, Al
- ~ .

MY EBECH
BRI

k)

o B TMRIX
f(o) i
_ _ [ cos 5~ exp(—ing)
p=plo), ¢ (sin 1G) >

5 exp(imkz)

o MRFH
p(0) =0, p(o0)=1,

f0)=m,  f(o0) =0,




MY EBECH
BRI

k)

7 ( S
Pitaevskii #

;

Rk AR

20

Figure: solid line du/p = 0; dashed line dp/p = 0.1



= ‘2
e o ZNAFAEY

G Cu= _ifTauf
A8 2 &4 37 3% BRvorticity

H;w = _'i(auETauf - &,fTaﬂé‘)




o, Al
E ~

MY EBECH
BRI

k)

o XA FAEY
C, = —it19,¢

A8 2 &4 37 3% BRvorticity
H;w = _'i(auETauf - al/éhfaué‘)
o 27 B0y IRHE A

o, = /degdw = —27mn



oo
3 ~ .-

el o RLARAEY
G Cu= —ifTauf
A8 2 &4 37 3% BRvorticity

H;w = _'i(augTauf - 8,,§T6ﬂ§)
o 27 W8 iRIE N
o, = /Hw,dgdw = —27mn

o XEEFZMRp 7w (RRIRL2T®) WiRRE (27 6 /£
—ARAAR02I 27 /k)

27 /k
o, = /0 H.,dzdp = 2mm

KPABAA R BABIR R




o, P
- ~ .-

MY EBECH
BRI

k)

MaE iR ARKGRARE, HT=%F%, —AMAR
KDHEREARGIBIELRAZREG, 23T A&
89U (2)xF Atk 69 £ 4, W Derrick € 32 5T o R A £ R (R K 88
RRIBIE. AMFETR T RXEFE A RRT &2

%5 ¥ BECH w5,
AR




<

MY EBECH
BRI

k)

o M H!, AN EZH YT, BETHIATE. &
R

2
ajp > a11022

STRb R LR EA, F ISR p = const

Pitaevskii #£

i

A EBECH#
ML R

!Battye, PRL 88, 080401 (1998)
2Metlitski, JHEP 06, 017 (2004)




& 4

A EBECH
BRI

k)

o M B, AN EZTE LY, EFHIATFE. 2
K
a%g > 11022
STRb %R LR 5k, 5 SN p = const
o vortoniZit?, X BEERE, 2R N Fopeh—AIEE
s, R
4 ¥ BECH

AR 0<du/u <0.25

1 = o NG EAY

!Battye, PRL 88, 080401 (1998)
2Metlitski, JHEP 06, 017 (2004)




; i

A EBECH
BHENS o BAMEET —M REMIHLE 135|457 A TR R T 8461
Ryt X3

"5 ¥BECH
ML

3Cho, Khim and Zhang, PRA 72, 063603 (2005)



= a2
MY EBECH

RIS ° ,&m%)ﬁ-y G NSRRI P RSSO N Y R

k)

o A EBECHHTLHE L
in h2
L = S16H(Dig) - (D@)'¢] - 5 IDigl?
A o1
—5(616 = £)? = dudsde — HE,

#EBECH
ML R

3Cho, Khim and Zhang, PRA 72, 063603 (2005)



& 4

A EBECH

RS o é&‘{‘]%)ﬁ' T —# KRR 69 AH 1T B AL 2 69 A [R R T 69 46 4]
R
° %%%BEC%%’M@E%
ih h?
= W _ tol — ——|D;b|?
A 1 . 1

—5 (00— ) = dudiin — L HE,
wamn o %D, =0,+igC,

i i 1
C,=——(18,¢ = —=€18,6 + ~9,7,
7 gC ,uC g‘g u£ g Y

H,y = —g(augfayg 0,610,6)

3Cho, Khim and Zhang, PRA 72, 063603 (2005)



j

MY EBECH
BRI

. o @ &AHK Bou = 0 W, RABEAEN (THh
)
1 1 1
H = 5(32'0)2 + §(P2 -1+ §P2(|6i§|2 — |€79,¢)2)
A
—rgz(ais*ajé — 9;¢19,¢)?

A EBECH#
ML R

4Faddeev and Niemi, Nature 387, 58 (1997)
5Cho, PRL 87, 252001 (2001); PLB 603, 88 (2004)




o, P
- ~ .-

MY EBECH
BRI

o Ta&MA Eop = 0FH, RunEMmEA (LHix
B

k)

1 1 1
Ho= 50p) + 50 = 1) + 5p%(10:&]" — €T 0:]?)
A
32061056 - 9y€Taiey”

e o L T ALMAAE s F # B, SFaddeev-Niemist & £ /it
HE

L~ (9,n)? + (n-dun x d,n)?

4Faddeev and Niemi, Nature 387, 58 (1997)
5Cho, PRL 87, 252001 (2001); PLB 603, 88 (2004)




= a2
MY EBECH
BRI

. o @ &AHK Bou = 0 W, RABEAEN (THh
)
1 1 1
H = 5(@'/})2 + §(P2 -1+ §P2(|6i§|2 — |€79,¢)2)
A
—4—g2(a¢§*aj£ — 9;¢19,¢)?

e o Lo T A A AR H 2B, SFaddeev-NiemiBtA! £/t
HLIEE R

L~ (9,n)? + (n-dun x d,n)?

o —MFAT, MYy EBECH AT A 5SkyrmerZ & £
IO

*Faddeev and Niemi, Nature 387, 58 (1997)
5Cho, PRL 87, 252001 (2001); PLB 603, 88 (2004)




w‘;‘i:
P RBECH o FEEMMA (BURAIR)
g at (4 —
Lw, p=plr), = (cosezexp( i) )

sin 5

#EBECH
ML R




£
P RBECH o HEEMMA (BURAIR)
g at (4 —j
rli-lr% p=plr), = ( c0562 exp(—ip) )

sin 5
°o ARG LEM

1.2 T T T

Pitaevskii ¥ 1=
i

0.8 - P ]

HH)EBECH
nEAt 06 }

0.4 T

02 T




& 8
P RBECH o HEEMMA (BURAIR)

g at (4 —j
‘VLIM p=plr), = (cosezexp( i) )

sin 5
°o ARG LEM

1.2 T T T

1

0.8 - P ]

HH)EBECH
MR 0615 }

0.4 T

02 T

0 L : '
0 5 10 15 20

r

o _LiRMRST AF A RAATE ) piflH] 69 Wu-Yang £ K.




5 BBECH o AiiBGPIE® £, HIECPHE® G £ XA %E

BRI

f(r)

) B [ cos 5 exp(—ing)
p=plr), &= ( f(r) exp(imkz)

A EBECH#
ML R




g P
E .

) STl o AnEiBGP L KM, HILGPHE L AL L MLiARME

BRI

f(r)

et B [ cos S exp(—ing)
S oo

#EBECH
ML R




& 4

e o AnEiBGP L KM, HILGPHE L AL L MLiARME

BRI

. f(r)
- cos =5+ exp(—ingy)
= T B =
8% p=plr) ¢ ( f(r) exp(imkz)
o MRHM p(0) =0, p(0) =1, f(0)=m, f(o0)=0
°o G
25\ f
A5 EBECH 15 \
M ol B

Figure: Solid line: non—Abehan vortex(n = 1,m = 0); Dashed
line: helical vortex (n =m = 1)




MY EBECH
BRI

S o MHER—EAMREMNIBIE, dny(S?)kit. %
: 04 40 4E & 7] 3R

"5 ¥BECH
ML




P
3 .

MY EBECH
BRI
- ° a;e——iﬁlls’«)( et s, dims(S2)EiE, REE
% éﬁﬁﬂ P E7S
o MLIEGPH it &9 iR 48 ZAF A A+t B AR IEX X A8 2 89
A EBA AR KD

A EBECH#
ML R




& 4

75> BBECH
HIFRENS

- o MHER—EAMREMNIBIE, dny(S?)kit. %
1% 04 41 4 2 5] 2R

o HLIEGPH it P 69 A7 48 B AE Al ML A ARIEIX K A2 2 89
wALE LA A RK D

{v'it‘\« vskii o ¥ F _l'-’gl}\ﬂ_@:l‘-*fg(n s QO)

Ao x = fsinhncosp, y= fsinhnsingp,

z = fsiny,

D = coshn — cos,

n=v=0&FTRIEHGAIRZ, n=cok THEF,




= A
#4 EBECH o FBihxIArinLE

BRI

1 cos {42 exp(—inw(n, 7))
¢ = ﬁp(n,v) ( . f(n 1) explimo)

"5 ¥BECH
Ok A7




= A
#4 EBECH o FBihxIArinLE

BRI

1 cos 14 exp(—inuw(1, 7))
¢= ﬁp(n,v) ( . f(m) explim)

o AR A
p(0,0) = po, p(o0,7) =0, f(0,7)=0, f(oo,7)=mn
w(n,0) =0, w(n,2r)=2m

"5 ¥BECH
ML




o, P
- .

MY EBECH
BRI

k)

A EBECH#
ML R

o F Esn it MrmsE

1 cos 22 exp(—inw(n, 7))
¢ = 75°:7) ( . f(n 1 exp(imp)

o AR KM
P(O;O) = pPo, P(OO,’Y) = 07 f(0=7) = 07 f(OO=7) =7
w(n,0) =0, w(n,2r)=2m
o T T A EE



= a2
5 BBECH o FBihxIArinLE

BRI

1 cos L) exp(—inw(n, 7))
¢= ﬁp(n,v) ( . f(m) explim)

o AR KM
P(O;O) = pPo, P(OO,’Y) = 07 f(0=7) = 07 f(0077) =7
w(n,0) =0, w(n,2r)=2m
o T T A EE

ﬂﬁﬁi]iECﬁﬁ 2
ML q) _/H<pnd77d90— _ ﬂ-m7
g
27m
¢, = / Hyydndry =

o AT T4 (HopfRZ=)

1
Q= = /eijkCiijd% =mn




MY EBECH
BRI

k)

# Gross-

Pitaevskii #

re

"5 ¥BECH
Ok A7

FAL% B P EBECY &7 fe 42

2+

AN



k)

A EBECH#
ML R

j

MY EBECH
BRI

E

1 2 3 4 5 6 g

Figure: £& R FALRERHLK EQ%*, £+ Ey=FE(1,1). 4«
BERTHETARALETH Q=mn 8958E E(m,n).



MY EBECH
BRI

k)

‘l"llbhu ‘:Ixil 4 igj.

"5 ¥BECH
Ok A7

ol



	目录
	多分量BEC系统
	两分量的Gross-Pitaevskii 理论
	涡旋解
	两分量BEC的规范理论

