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Figure 1 (Color online) Let us consider a base manifold 72, on which
exist three topological defects. A 6-term can only deliver the non-trivial
topology of the torus 72 = S! x ', but not able to reflect the non-
triviality caused by the defects.

100003-4



il S5

ThERLE: Bl s RO

2018 4F 48 % FH10M

AT HE— b YRR R

n' = d
llgll”

TARAMENS OQ)HEH AT 4 )y 1561

a=12; gl = ¢“¢" = yy. 31)

AL“d = areabn“(?ﬂnb. (32)

243 SUN)MTEH BCartanF R & S0 & i3 1T
iR

ST, a=1,2,...,r, NSUWN)EERIrAE T,
Bl su(N)ZERBFE I r N5, r = N> = 1. T, 3 2
TN S eSS T

[Tas Tb] = ifabcTca {Ta’ Tb} = dabcTc + %6ab17

33)
T =T, Tr(T,) = 0, (

ﬁ\: EFI’ fahcﬂiudabc%su(lv)éé: ﬂ‘j RI%L' ﬁs .ﬁ‘lbcé }:i Xq‘ ;F;_(,

A= FR. (T4 AN — I8, id AH),
¥ % —/MCartan TR EL, ¥ 2

[H,H,]=0, Lm=1,...,N~1. (34)
XS UN) Rk

n = UX)HU (x), i =niT,, [=1,..., N-1, (35)

H AU ()RS UN)FIE AR 55 B, I8 — Fh = 35k e
B TR, UMV BT A N

Dyny = dm —ig|A,m| =0, ¢—HEHE  (36)

s

WA 45 2 FIVE Ao
A/l = (As nl) ny + .l I:a#nl, n[] s i.e.,
1g
1
Ay = A+ fuDymi, (37)

Ho [ IR AR BT B9, n, = [V,m |, H
IV, = 0,UUT P BA SR, AT ©

A= A + é |[Viru] ] (38)

2.4.4 SON)#SEH A CliffordfX #1-% & BHig £ i#
TR
Clifford {3 CIyIAN(N — D452 [HCLY [
THESON + DTS /IR, BRI C Ly BN RN
FHEERE 0N — DRI, TS ON)BEA B TT L,
H] #2145 AClifford R E2- < &
1

Iy = I [Yas b)) s (39)

Horby, J&Clifford ARE I A2 BT, 7€ U

{’Yav Yb} = 26ab1’ a=1,..., N. (40)
LT R 5 K F

[Iaba YC] = 6b57a - 6acyba (41)
[Iahs ch] = Oualpe + Ovclag — Ouclpa — Opalac,

ﬁi]:/@— Iab = _Iba- (42)

IXYEFR N so(N)ZEAREL I Clifford 8 7~ BE e 8 7, T AH
NS O(N) FIE Bt o H e kR4
2|33 Clifford 1-2% & 5 5t

u; = O(x)y,0"(x), "I H EIT
i=1,..., N. 43)

_ a
u; = ui’)/a’

i, O(x0)/2S OWN)MUTEAR S [, 215 — iR I e
" AT B TAT IR 2R A N

Dty = Oty = |wy ] = 0, (44)
Hr, SONTEH w, = jwi L& —Clifford 2-%
B TRATHEE AR

W, = %aﬂuiui. (45)

24.5 SON)MIEH AClifford{t #2-K 2 B i#
1T iR

5|3 Clifford 2-%% & a8 5
uij(x) = O(0)1;0" (x), WA I

ab
5 Uij Ly,

> i,j=1,...,N. (46)

I/l,'j =

100003-5



il S5

ThERLE: Bl s RO

2018 4F 48 % FH10M

DA B TAT I 2% 3E N

Dﬂu,-j = Byu,-j - [(U”, l/t,'j] = 0, (47)
HsoW M Hw, = Jwil,yiE—Clifford 2-K

-1
-2
B TRATHE RS )

1
)

= 2N8 Wil ji. (48)

24.6 SUM|N),M # N, SiSe A RAFBREEEHE

HITH R

SU(MIN), M # N, Z=E#E 14 8 ot, Blsu(M|N)
AR, N

{ewla,b=1,..., MM+1,..., M + N}. 49)
ear e Zy-Wr I REUT R, Hbr b
[8w] = [a] + [D], (50)
YT MAS T RO E, JENASFERRONET,
[1]=---=[M] =even =0,

(51)
[M+1]= =[M+N]=o0dd = 1.

{@ap V55 R 20T R X 57 5% 2 1101

[éab7 écd] = éaddbc - (_1)(Ia|+\b|)(lcl+ld|) écbédcr (52)
TEFEAN LR T

. (-

€ap = €aqp — 6abM — Nla (53)

Hodr, e i2(M+N) x (M + N M, H5FE o A
H(a, b)) B I NL, FHRANO. 1 2 BALRE. &,

JETCIE

Str(2y) = 0. (54)
Str (X) A& R FEFEX L, & SN

SrX) = > (D" X;, (55)

DFERETCHRAR. 24, R IEAER TN 2y = 0.
5 B3R, 51t Rt

ﬁab = UéabU_l, ?%/ESU' (aab) =0. (56)

TELRH, [U] = even i BLAL, X RAKE HLAE Jo 450
H R, U= U2y, a biaJE AT HIBL.
PR BRSSP AT 30 5% A 5E SR
Dpﬁab = a;tﬁab - [A/v ﬁab]
= Opitay — (Aultay — flupAy) = 0, (57)

HA RS AT[A] = even.
NIz PN EEE S|

(=D
A# ra uabuba M # N. (58)
S HUIE AT RO TR TH P AR
M-NY? -1 1
LM N Gy Str(0,UU7")1
(M - N)? M-N
1
+——0,UU", 59
K (59)
&
A=Al (60)
Hrp
Aij — -1 [b] -1 ([+[kD([al+[b1+[k1+[D
V= N( > (=1
x |déd i), — DA i) |

2.4.7 SUQR)BISORB)H & & APauli 2-5E 2 # 1T

iR

& B AR A X 18 1 BT ) B B O 1
FEPauli A%, HeA MR BT AT S 25 A SR

D,® = 8,0 - A,® = 0. (61)

X HoZPauli 2-iE &, ® =

V! ], vy e C.
wZ
AESUQBE S, W RIF Nsu) R, A, = AT,
KT, = ZRSUQE TG, o ZPaulififE, a =
1,2,3.

IR G SoI

Al = (DTCD [cp T8, ® - 8,00, (62)

100003-6



il S5

ThERLE: Bl s RO

2018 4F 48 % FH10M

%
4

S,
1
A, :ﬁ[ (0,00" - ©3,®")

- % (¢'0,® - 5,0 ) 1]. (63)

2.4.8 SOHEE FDirac 4-IE2HTH R

ol 2 e A YRR T 1 sh RN X
A8 Dirac 7 #2. BUK 1 51 & 8 0 S 715 ) sl
132N Fh e
DY = "D, ¥ = yﬂ(a,;lf - %wyabzab)\y - 0. (64)
X HY(x)/&Dirac 4-jit &, ¥ = (d,l W2yt oyt )T,
Lyt yd oyt e C, TR E. IR Z i, AL bs H
fetru = 1,2,3,458%7R, X4 EFhs; B2 EFH,
M 48 ¥5a,b = 1,2,3,4F8 7%, AX 55 E TR 0%
S OMMTEH, w, = Jwuapla, Wi Ba, bIFFR AT
5y Qpap = —Wypa- Y (X) = ehyse) X DiracHiFE, H
A @ Dirackh My, 38 i B8 22 (Vierbein)el (x)$2 T+ 45 A5
1M K. %Xwabc = eﬁw,lhc, @tﬁwabc = —Wgch- T2
(64BN

1
7060T - ZwabL'YaYbyclP =0. (65)

SIS L2 K p e

p = PR - (PysP)2,

Hrp

Y5 = Y1Y2Y3Ya, (66)
yphy iy W

coshf = ——, sinh@ = i, 67)

p P
FER 1 AN AL bR 252
1

—=0,(v2g") =0,

o (vae)

Ry
1

eho.e, + zwan =0, (68)

T B 28 BT 95 A 12

1 . i
Yo, = —;y"e’”ﬂ (]l, + Jut i+ J#) , (69)
Hop,

o1

Jin= 3 [0, - wia, ¥, (70)
~ _ s + t

Ju= 5 [0 s - ys0,9]. (71)
1=V, (F") = V(Y 9, (72)
T =V, (F) = Vo (rs ¥y ys¥). (73)

B W 0 AR R T ) A R R
A ECE SR P MNP B XS R T 15 1u)
PR 37 0% P B 3 K R T, i 3 (72) A (73) Ik
RLF AR U Maxwell 7 FR2H 1) 88— AN 7 2.

3 iR

31 MEBRGhRERE

AT 3C 302245 i, TRAF BUVE 94 3k T Koy g LA
7L iksy S SERIIEAWN B ¢ Af N E SR )
HOH BAT PR AN A B As . LT S BT R4
TREZ.

311 = UOASEIANE — R RER A
FINERPES

AT RO H TUMMIESH s R KR
REEARYRIE Ny = ¢ +ig? B Ja B #
NS O 45 R 5 (32),

Aifd = afabn“(?,,nb,
BI1-FE
A" = AMdx = aegn’dn’. (74)

o thgse LI e BRI e, vt = &, a = 1,2.
PLR A fal Bl B B W Ble = 1, JFmg 2k b
Freind” R

B ARTHRANUD T TR E ) 5E X

ﬁtv = auAv - aVA/_u

100003-7



il S5

ThERLE: Bl s RO

2018 4F 48 % FH10M

H
.ﬁw = eaba,unaavnha (75)
HRm2-H

1 1
f =5 wdd A dx" = Eeaba,ln“avnbdxﬂ Adx’,
1
= e,dn® A dn? = Ee”"eabaﬂnaavnbdzx. (76)

A U fa] SR 48D, W] DUA SR A AN AR R A —
WREL, e SONER—FRRA DRy,

1
= = —_— H =
ci LZCI o sz, He, ¢, =f (77)
Sl N2-2E 40 Fh A -0
11
Jx) = gtie”veahaﬂn“é‘vn”, (78)
)

f(x) = 2mj(x)dx,
4
¢l = fM 2 j(x)d?x. (79)

ATUAIEM], AU BLR 2 5

a,¢" 1
an’ = 2 +¢°0,—,
W= el T g

0a0a Inllgll = 276* () (FEAR 2230,
PN AT AR IE i — 4 S- bR EU) R 2

(80)

Jj(x) = 6*(¢)D (¢) (81)

x
Heh, D (£)/Jacobian,

e’D (g) = €0,4"0,4",

R

? _l % a b
D(x) = Sea”0,8°0,4", (82)

TS —HRE

o) = f 52(¢)D(?)d2x. (83)
M2 X

S-BREA T L BREL, TANAE SR p5 BIn i 77 55 A AN

NE, HAth 74 8E,

0, H{HALY ¢*#0;

o, BHRH gm0, 707 O

(P = {

X AUESRAE Dhx!, 2Oy AR (1 4R T BRI
% s 5 R

P'(x,xH) =0, ('A% =0. (85)

Ko bR 20 e BE 4R Y, 7E IE 2% fF(Regular Condition)
D(2)#0 F, 385 A NI

=2, k=12, N (86)
X0 R 3 NS s, B AL 1] & 7t NAS &

s, W YRR _ERINA P A RUBREE. T o26- 5
Kol AT B ey ik,

() = ZNl Weo® (x - ),

=
Hrr
Wi = Bitii. (87)
Wil 38 SCAE Bk R [ 1) #0 $h 4, Bt Hopf 1 s,
me = +15EBrouwerM St 5. 3171 28 — PR EOmt o8 T

T AR 3, 9 28 M R s e SR SRR | T
BRI B T K30 S AR

N N
¢ = ; W, = ;ﬂm. (88)

2) WUEREIRIE AR — 4k, W =4 TH0%, AR AR ] — 4 T-IOB A bRu!, u?. ZJ5 3.

100003-8



il S5

ThERLE: Bl s RO

2018 4F 48 % FH10M

3.1.2 7=f{l=: Abelian Chern-Simonsi#if & H 5

Fxg

YESE BT, T R RIS
RO s W SRR = 4 2= (8], D40 F SRR gl & —
Ykl 2. SEHE— D, WX sl £ 2 A Y, e
V2 (B 56 AH ELAE S 1) 1 00 B, RE N T A 45 B
.

F e ERIMIENMC, AAhR A", 22, 3. FATEIAE
H e A — NN AE &, U(1) Chern-Simons 3-1£ 30

1 11
I=— | AANf=5=| SéPAfd
271st ! 271st2 ufdx

= f A, jdx, (89)
MS
Ferp B 5 B4R AL
11
= %zeﬂvpea,,avn“apnb. (90)

5 FSCARL, bR ] LS s s BRI E A,
=@ (%),
Horp

1
D* (%) = S 0,4'0,0" 1)
FIFEA
0, HHAYH ¢*#0,
oo, HHALYH ¢*=0,

PRl P ol 5 B A 2 a5 5 R

52<¢):{ a=1,2,

S (', 22, %) = 0,
TEIEMUAAE R, 2 O2) MR N — AR LR BRIE,
® = x(s),

P (x', % x5 =0. (92)

k=12,---,N, (93)

Horp, s 2 H. L HhSR N, 6*(¢) 8 7T &
TFRIXN RS b2,

N
(D" (?) =N we f des x-x(0], (94
X k=1 3

Wi = B N LB F e
ROHMRAROD), FFHE— BN (89), Hi1F ]

N
I= f A, (X) (Z W, f dxts® [X—Xk(s)]]d3x
M k=1

I

N
= W f d ( f A, (%) 8 [x = x4(5)] d3x), (95)
Ik M3

AL T = ARG — B A
Ml = HARy, HE RVEAE T 77 5% 1, B

pius
_H.
| En
iﬂ
N

N
=)W, A”(xk)dx”zzwka
k=1 3 k=1 I
Heg A
A =A,dx". (96)

BE A G AT BLAE AT i 2. SR BRATT L 1 i 2 2 1]
IZESENG L, i BT 1R P h 2k, BRSS9 3 [
TRIFLF TR TR0 2 A 2y, X
FEEIRB 7 BN

N N
W, f Ady =" W, f A 97)
k= Yk k=1 Yk

XFE—3k, KA Chern-Simons 3-F& -4, 5l
AL — dE A S5 B AR 5. AT DUHE S
REALARINAZE, IN(H)JESE. JonesZ T,
HOMFLYPTZ i, DA K Jik T~ 2 T AR H02 [a] 1)
BN, 275 CHR[13-17].

I =
1

313 RBI=Z: SUQMSEIANISE R X NI
FRFMERBE

AT SCR(63)FI(62)15 2] TS U2)ME H 11 Jig &= 4
fift. B e gh AR EE B2 aR(12), B Rk

1 .
Cy = ——d®" AdD A dD™ A dD = p(x)d*x, (98)

472
Hobp(x) 2 FRE I,
1 . ;
p(x) = —Reﬂvﬂﬂaﬂm'a@aﬁcb*apcb. 99)

3) IT HHER B AT CLZE I Fh A1 R R AL 5 25 BR 2 G, TR BEOR A5 A SR ZS i 75 L0 S P 22 2 — B b, Wi ] 8 7R 0 55 10 7 B R RS Lt T S5 5] T

VAT I 95 32t b ) P Hh 2R T 5.

100003-9



2018 4F 48 % FH10M

SRS, RERIE MBS Ji% R
VF = F|Paulijie &
q) _ wl _ ¢0 + 1¢] ’
Y ¢* +i¢’? (100)
'yt eC; ¢ 9974 €R
P2 B SRR R I 4 Al g0, ¢! Flg?, ¢,
N4-2E FRAT R
¢a
a2 420123 101
e (10D
4%ﬁ(100)$ﬂ(101)ﬁ)\ﬂ(63)ﬂ1(62), SLZNAS 3
p(x) = 12 S € €% €4pcg0,m"0,n" 3,0 0,n". (102)
lNA-Z4EFR NN
J(x) = p(x) = me””‘)eabcdaﬂnaavnbﬁﬂn‘ﬂpnd, (103)
T FH -2 1] FEUAS AR A =
& 1 2¢4
—4rs 104
0¢°0¢" (||¢||) 4o (@) (104
AJ DL A
joo =6 @p(2), (105)
X
ﬁEPD( )zeJacoblanﬁﬁlJiﬁ
abed ¢ _ _uvip a b c d
e D(;) = @Y, 0°0,8°0,8°0,4. (106)

SHISCHIAL, o-pR B R fE @I AN N T AL AR R,
fbits Ty 4= R,

0’ \/E M2 a 0’
56) = é{ Ti\i—/l ¢ #
oo, MHANY ¢¢=0,

Al 7 EAE DU 4RI ME EORAFRE R T R

a=0,1,2,3,

@ ()c1 X, X3, x4) 0,

CEIEBLARAE R, SEARANAILSL D 2 2 5, %4 Bz
T W% T-(Instantons). T &6*(p) ] & H B 1% &L 1 BRI
s

N
)= > Wio* (v - ),
k=1

a=0,1,2,3. (107)

EAEIN )
Wi = Btk

TR o TR

(108)

(109)

eI R VU E Q0 S | (GaY. N i 2 R
i W I ACER.

3.2 *'E:H IIILE’J ﬁﬁfil@

MHTSORBIE B, T nK(78), (90), (103) 3 $h
WMEBCEEE MRS S H— - H, FnER
HNGRFE IAEAE. BT Ik, 0 B IR INR I — A%
FE SCRITF i 18201,

3.2.1 #hibsKERMIAINREIE X

L MAD-24 61 € WY, B g, Aw
R, w=1,...,D. EMEEL—NREME, K
Y —Nd-gE ik N HRY, d < D. fEMEH
& — Ak, Eﬂ~/\d-é’@7‘czﬁ%%%¢a(x), B
MMEIRY (1) BLAE LS

¢ M — RY
x P ¢(x)
¢ H G KEFS

¢“(x)
llgpCll”

a=1,....d. (110)

—AN AR

n“(x) =

Hrp
Bl = oo,
ALz 2

(111)

n‘n® = 1.

100003-10



il S5

ThERLE: Bl s RO

2018 4F 48 % FH10M

FEFH AR - D-4ERAIER S5 T R
AL R A () M BAM LR — BRI A
E XD — dEh ik RN

jlll “"UD-d ()C) = 1
VEA (ST 1) d!

X €4y.a,0

MD-d+1
Horh, A (SRS RERTTA,

_ 27t
A(s*) = r7(1‘1)’
2

H 5%, d < DR, HdR A IK R UR STER

1" "MD-dMD-d+1""HD

a .. da
n 0,0,

(112)

[ (x) AT-PREL.

(113)

aﬂljl—ll-.ﬂn—d — O’ l — 1 """ D — d (1 14)

R K 1)

VE: SR IR A BEDW LA R X
[H JG:
TR KRR 12) A e

W:fjﬂl"'ﬂud(x)ddx
Q

1" "HD-dHUD-d+1""HD

|
zfg N (Sd*l)d!ey

X €4yq,0 n -9y, ndx

HD-d+1

1 1
EYGYI —=Caa, BVM] a‘...aVD ag
A(Sd‘l)d!fs; \/gel " ) n

X (\/gdxv”‘d” A A dxvn)
1 w .
= m js; Ealn.addn A dn A A d}’l ,
(115)

HAp QM d-4E 5 it . H HlStokes & B, E

QAR AT MR E iR moQ 2
1 ai a AL aq
WszQEm...adn Adn® A A dn?,
(116)

R DA H, R R B o — B R T ) v i T e,
— AR PEHEE N RED - d = 1, AT
KA CE B RO 4h T ):
1

J = s ha

eHtig, 9

a] ... ad
/lln aﬂdn :

(117)

XAE AT 2 N . I SF1E 5 R (114)f# 4k
N, = 0.

Md = DWEID — d = OB}, FRIR MBI,
3.2.2 FRIMSKERPESHIS-RE

A] LAIIE B

M HD-d () = (M1 HD-dr 1 HD
J (X) _Cde * EalmadayD,dH

X " -+ 0,,0" Ay Gy(llgl)), (118)
HAc, —
1
— Mg
c, - 1A(sd Ddl(d-2) (119)
Et’ Md =2.
AgFe @7 (A  hr 1
A(p:(?gab“%&’ a=1,...,d. (120)
G|l A2 SURS AR BR 2L
1,
R éld > 2
Ga(llgll) = 4 ligll (121)
In(llgl), *4d = 2.
EFPAN 2~ 3
o (D — d)-4EJacobianfT %12\
Dlil.n;m,d (%) :%Eal'“udeyl---ﬂDfd/—lnfdi»ln.ﬂD
X aﬂD—dH ¢u1 T 6/11)(#”' (122)
HA=d = D, NG
1
D (%) = € 0, 8 (123)
o ¢ [H] [ s K Poisson /7 72
sy, d >,
Ay (Ga(llglD) = 1"(5 - 1) (124)
276%(), d=2,

100003-11



il S5

ThERLE: Bl s RO

2018 4F 48 % FH10M

FIE B FRANGREIAL jro o w] 59 6- s R

U1 UD-d _ L d 1""MD-d ¢_§

P = o @D (x) (125)
B, 2 = DI, R A

co Lo 4

j = o' @D (3). (126)

A125) R — T IR, & H N R
TE S0 12 SR B I O 73 55 Ak 3

s = 0, ZLHMZ ¢ 20, J<D 127
0, HY ¢ =0,

XHUERIE ¢ % 572

#(x)=0, a=1,2,...,d. (128)

Fo B BOE BLR L, AR R R IERAEZ T

D,‘ll'“/‘lD*zl (?) + O,
X

(129)

Hd < D;
D(?);eo,

X

M4 = D, R(128)4 — N INSL )% 2 ok Ui, 0

Nz k=1,...,N, HA R
o Y4 < DHY,

=2, ..., uP,
3 ) (130)
u=1,...

X Bz, R M E)— AN LD - d)-4Eff T iR

W, i RX. XN E AR AW, ... uP™); X BB

%)”dﬂguu, 1,J=1,...,D—d, ﬁﬁﬂﬁjﬂgu = det (gu1y).
e d = DI,

=2, u=1,....d; k=1,...,N, (131)

X NS AF A
AR 2, B R AN BRI A2, BT R TR
¥ 37y X4 (Bifurcation) 21231,

323 s-RBERABFEFREL

¥ #b 5K & e ro-om] B R T BINAS B TR
% L.
o d < D, AU MAFAEAE — A d-AE T L 2R
BT EANXe:

Ixt Ox¥
- | = I=1,....D—-d; K=1,...
g,uvaul 6VK o 0 ’ s ds b 9d
(132)
Hodb, SN Z AR bR C VK B 5B HEIE & §i
HA1SF Q. XHEp, k=1,..., N, A= LI Sk

AT penT FHER N S ALBR R VK.
e Md = D, HNA3DE H I E S 2 S,
k=1,...,N. B TCHEFHA N AR
T2 TR, R 4ok R R(125) T R T 2 A
T L

1 < Do (£
JUH(x) = V ; Wi (x = z1) D(T)((qf)) ) ,
(133)
Hr,
DR, (%) = €ya,0D-as18" -+ Opd™. (134)
17 ¥ 4
Wi =B, kKANSRAN. (135)

1X 58, Fllag, 53 ) & Hopftg A A 51 447 B 55 ) Brouwer
WIS

AR ER133) R, LR FRATT S RE fR] B L [ 1
W,d =D -1, HEIHINR RN . R FUE AL bR
2 xl X xR L, A0 = x IR E T

ZHARRRHET N X0, X, . X EREI028)F 3L
HE LIRS, WE HSEOA, #N030) N
¥ =Z4w, p=0,1,....d; k=1,...,N;

R, wnfRu = X0, WA

=20, p=01,...,d; k=1,..., N,

i = 0 B2 = X0

(136)

100003-12



il S5

ThERLE: Bl s RO

2018 4F 48 % FH10M

TR A33)E RN RN

H(x) = Lleﬁ 5! [x—z (XO)] L@ (137)
j \/§ Z KTk k Do (%) Z
7N q:"
N a . g gu = 9P ¢
D (;) = €4y.q,019 0ad™ = A, xd) "
(138)
I e i 214 5 F2 2H 1¥) CrameryE U JE AR, BT DLIE BH
dx* D¥ (¢/x)
dx* _ . 139
dx?lyqo) DB/ 0 Y
4, & SUERFE
dzf  dw*
My = Kk _ 22
Vk (x) = dx® T dxO zk(xo), (140)
KA RN
1 N
J= V2 ;ﬁkn/ﬁ ERETCRINGe (141)

Al s &0, AT Ca37)E X, Al

N
jO = Pk
k=1
Hrp
1 0
pu = P [ - 2. (142)

T2 RA4DA42)58 5 B T 40 b WA &
T

N

7= ZPkVI’:-

k=1

(143)

F(143) 7 T T A EE R S b, fn SR xO X I A [ A4
b, (. x) A AR RR, W Z(136) 1 ik th 5t
2k, BRI NASZ L 5K TR (d + 1)-4ER 2 s 3)
BIZE. VIR 53 5l 2 Bk KL 1R 2 3 R B A 25
FE. R(143) 17 R 5 & s 5l A RRAR 1 29 1)
I FE T 3R 58 A AH ).

I AN EEGER A, X 05 Bt 4 E X

AR

N N N
0= prk VEd'x = Bue= ) W= W. (144)
=1 V& k=1 k=1

5 b, Q%R T A EOQM ST X 5% (Gen-
eralized Winding Number).

4 ZHEFRINMBRGE

41 3|5
411 fE¥: NEFERYN(QHE)RETFEREE
R BL(QSHE)

THHR BT 5 A A A P B A A A R ) EE
RO RE S VS (T KT B 8 A0 B T8 X Bk ik &% il fle
IR R 2R RGN R WA 8, 4 A AR 1) i
AR T RS S EAE R R, R4
5 MR FROIR SR AR BR MR A, Jerbh 3
ARG B 7 S8R, Bl R IR T 2 R
AR 15 3 P55 s R A 1) SR R AR P B 4. T TR MR
v RS A V5 B ) L R B 5 MBS T AR A%
A DL R A X, 76 T S AN AR S 2 T 1) RE B
KA.

A 77 18 MlLandau-Ginzburg ¥R i 7] DLAR 4 3 4
AR Z Y5 ; 2 B $19804EK itzing5 A 24 % Bl &
TEIRRG, MNMIA BBl A AR WA TR
T SRS R ANE . RERURN > B T8 IR AN Mt
REWEATH T — W& 0 AR — KEKE T
RAEEGNNINT, J5 3 R AR T AS X RR M B
AR 1 — BB A T A 25,

2 L R RN S H5: 18794EHall POIW 22 5], 7
A ERL 37 FRE 37 A PR A UKL 78 8] 4 o AT T
B A —/NFTE I R . B T R
. (IQHE) 2 5 %o £ /R 2B 1) - 7 24 ik X ik
W39 R PR R R 45 b i e TRk, e
fEv € ZRE /R o LR T-F Gve . IXHI R
A AR, HNER 4%, iR sl % 2 4R
PE. Z & B AT AN 2 AR R B ELAE F R, B2
B HE TR 45 M A SRR IR, 2 5B T8
IR B 2R

Ko # K & T FE IR RN, ThoulessZ: N PTEH T
R ARRE, 19 2T RE R o, I TKNN A 2

100003-13



il S5

ThERLE: Bl s RO

2018 4F 48 % FH10M

Hall effect
B=0
1879

Quantum Hall effect

Anomalous Hall effect
B=0,M=0
1880

Quantum anomalous

0,=n& = Hall eff?ct - Hall effect
H h W= f e
1980/1982

confirmed 2013

Spin Hall effect
B=0, M=0
2004-2006

Quantum spin

2007

B2 (2% hORE ) WAL S 7R R 21 B K O, PR B 4R AR AN AR D) I ERE 2R B8 B R WSS9 JEE, M BRI AR 1

WAL, o RE/RE T, os £ HIRERHES

Figure 2 (Color online) Evolution from the ordinary Hall effect to the quantum Hall effect, and to quantum spin Hall effect or two-dimensional
topological insulator. Here, B stands for a magnetic field, and M stands for magnetization in a ferromagnet. oy is the Hall conductance, and os the spin

Hall conductance.
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Figure 3 (Color online) (a) A spinless 1D system has both a forward-
and backward-moving state. These two basic degrees of freedom are spa-
tially separated with the presence of the quantum Hall effect, as denoted
by the symbol “2 = 1 + 1”. The upper edge contains only one forward-
mover and the lower supports only one backward-mover. The states are
robust and go around an impurity without scattering. (b) A spin 1D sys-
tem has four basic degrees of freedom, which are spatially separated.
The upper edge supports a forward mover with spin-up, and a backward
mover with spin-down and conversely for the lower edge. That spatial
separation is expressed by the symbol “4 =2 + 2”.
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Figure 4 (Color online) The dispersion relation of electrons at the
Kramers degenerating points, I';; = 0 and I, = 7. (a) The edge states
cross the Fermi-surface even times; (b) odd times. The odd crossing
points lead to edge metal states protected by topology.
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Figure 5 (Color online) A map from the k-space to the h-space: T2 —

§2, where T2 = §' x S!. It is determined by the periodicity of the ky—ky
coordinates in the Brillouin zone.
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The theories of gauge potential decomposition and topological currents proposed by Prof. YiShi Duan et al. have remark-
able significance in the research of topological inner structures of gauge fields, with wide applications in the analysis of
topological defects/excitations in various physical systems. In this paper, firstly, a brief survey for these theories is pre-
sented. Secondly, the theories are applied in the study of topological insulators in two dimensions. Topological insulators
are at the cutting edge of current international research of condensed matter physics, where topological effects stem from
the non-trivial topological numbers, such as the Chern numbers. In this paper different types of topological defects are
investigated within one single framework, the so-called 't Hooft monopole model, which acts as a U(1) sub-field theory of
a non-Abelian gauge field.
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