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kXkk Zm�i2`MBQMb 2i BbQKQ`T?BbK2b 2t+2TiBQMM2Hb
h?ûQ`ĕK2 , PM � mM BbQKQ`T?BbK2 2t+2TiBQMM2H SU2 (C)ft˘ A2u »

BbQK
SO3 (R)

.ûKQMbi`�iBQM , PM miBHBb2 H� MQ`K2 bm` H /QMMû2 T�` N(h) = hh BM/mBi2 T�` 〈h ; h1〉 = 1

2

(
hh1 + h1h

)
X

G� #�b2 (1, B, D,F) /2 H 2bi +H�B`2K2Mi Q`i?QMQ`Kû2- 2i H2 bQmb@2bT�+2 I = o2+i(B, D,F) 2bi /QM+ (R1)KX
PM /BbTQb2 /ǶmM2 QTû`�iBQM /2 SU2 (C)

QT
! �mi(H) T�` �miQKQ`T?BbK2b /Ƕ�H;ĕ#`2b pB� ,

ϕ SU2 (C) ÝÑ �mi(H)

h ÞÝÑ ϕh H ÝÑ H
u ÞÝÑ huh´1

PM T2mi H� i`�Mb7Q`K2` 2M mM KQ`T?BbK2
ϕ SU2 (C) ÝÑ O(I)

h ÞÝÑ ϕh I ÝÑ I
u ÞÝÑ huh´1

3e 2i pB� H2 +?QBt

/ǶmM2 #�b2- QM � mM BbQKQ`T?BbK2 O(I) »
BbQK

O3 (R) 2i T�` �#mb QM MQi2 �HQ`b ϕ : SU2 (C) ÝÑ O3 (R)X
*QKK2 SU2 (C) »

?QKûQ
S3 2bi +QMM2t2- T�` +QMiBMmBiû /2 ϕ 3d- ϕ(SU2 (C)) 2bi +QMM2t2 2i +QMiB2Mi A2 /QM+

2M 7�Bi ϕ : SU2 (C) ÝÑ SO3 (R)X JQMi`QMb [m2 +2 KQ`T?BbK2 2bi bm`D2+iB7X SQm` +2H� BH bm{i 33 [m2 iQmb
H2b `2iQm`M2K2Mib /2 SO (I) »

BbQK
SO3 (R) bQB2Mi /�Mb ϕ(SU2 (C))X S`2MQMb h P I X S3- rh H2 `2iQm`M2K2Mi

/Ƕ�t2 Rh TmBb KQMi`QMb rh = ϕh ,
Ç ϕh(h) = hhh´1 = h

Ç aQBi h1 Q`i?Q;QM�H ¨ hX PM � /QM+ 1

2
(h1h + hh1) = 0 /QM+ +QKK2 h 2i h1 bQMi /�Mb I B+B 3N /QM+

h1(´h) + h(´h1) = 0 2i �HQ`b hh1h´1 = ´h1 = rh(h1)X

.2 THmb- F2`(ϕ) = *QK(I) X S3 = Z(H) X S3 = R X S3 »
BbQK

t˘ A2uX lM T�bb�;2 �m [mQiB2Mi +QM+HmiX

h?ûQ`ĕK2 , PM � /2b BbQKQ`T?BbK2b 2t+2TiBQMM2Hb ,
SU2 (C) ˆ SU2 (C)ft(A2, A2), (A2,´ A2), (´ A2, A2), (´ A2,´ A2)u »

BbQK
PSO4 (R)

PSO4 (R) »
BbQK

SO3 (R) ˆ SO3 (R)

.ûKQMbi`�iBQM , PM /BbTQb2 /ǶmM2 QTû`�iBQM /2 SU2 (C) ˆ SU2 (C)
QT
! �mi(H) pB� ,

Ψ SU2 (C) ˆ SU2 (C) ÝÑ �mi(H)

(h, k) ÞÝÑ Ψh,k H ÝÑ H
u ÞÝÑ huk´1

Ç .2 KāK2 [mǶ�p�Mi- QM Q#iB2Mi Ny mM KQ`T?BbK2 Ψ : SU2 (C) ˆ SU2 (C) ÝÑ SO4 (R)X
JQMi`QMb [mǶBH 2bi bm`D2+iB7X aQBi P mM TH�M /2 H- /2 "PL (p, q)X

3eX 1M 2z2i- ϕh 2bi HBMû�B`2 2i `2bT2+i2 H� MQ`K2 /2 HX *QKK2 1 2bi +2Mi`�H /�Mb H- HǶ�+iBQM /2 SU2 (C) T`ûb2`p2 R /QM+
T`ûb2`p2 bQM Q`i?Q;QM�H IX

3dX LǶBMi2`pB2MM2Mi /�Mb bQM 2tT`2bbBQM [m2 /2b �//BiBQMb- KmHiBTHB+�iBQMb 2i BMp2`b2b /2 MQM MmHbX
33X PM p� miBHBb2` H2 7�Bi [m2 SOn (R) 2bi 2M;2M/`û T�` H2b `2iQm`M2K2MibX
3NX .�Mb +2 +�b T�`iB+mHB2` mMB[m2K2Mi 5 PM ûim/B2 H2 ϕ +QMbi`mBi T�` �#mb- ¨ p�H2m`b /�Mb O(I)X
NyX G2b p2+i2m`b h, k bQMi /2 MQ`K2 1- HǶ�TTHB+�iBQM Ψh,k `2bT2+i2 H� MQ`K2- /QM+ AK(Ψ) p� /�Mb O(H) »

BbQK
O4 (R)- 2i H�

+QMM2tBiû /2 SU2 (C) ˆ SU2 (C) BKTHB[m2 HǶBM+HmbBQM AK(Ψ) Ă SO4 (R)X
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JQMi`QMb [m2 H2 `2iQm`M2K2Mi T�` `�TTQ`i ¨ P 2bi /�Mb AK(ψ)X PM � H� `2H�iBQM ,

p´1q =loomoon
+QMDm;�BbQM /�Mb H

q ˆ p´1 =loomoon
pp=A/

qp =loomoon
〈p ; q〉=0

´pq =loomoon
pp=A/

´p´1q

PM 2M /û/mBi v = p´1q P I X S3 2i /QM+ NR Ψv,v 2bi mM `2iQm`M2K2MiX �BMbB Ψp,1Ψv,vΨp´1,1 = Ψpvp´1,v- [mB
2bi /�Mb H� +H�bb2 /2 +QMDm;�BbQM- 2bi �mbbB mM `2iQm`M2K2MiX PM pû`B}2 �BbûK2Mi [m2 Ψpvp´1,v(p) = p 2i
Ψpvp´1,v(q) = q Nk 2i +Ƕ2bi /QM+ H2 `2iQm`M2K2Mi +?2`+?ûX

Ç aQBi (h, k) P F2`(Ψ)X G� `2H�iBQM huk´1 = u TQm` iQmi u P H MQmb /QMM2 2M TQb�Mi u = A/- [m2 h = kX
*QKK2 Z(H) = R- QM 2M /û/mBi F2`(Ψ) = t(A2, A2), (´ A2,´ A2)uX S�` T�bb�;2 �m [mQiB2Mi- QM � /QM+ ,

SU2 (C) ˆ SU2 (C)ft(A2, A2), (´ A2,´ A2)u »
BbQK

SO4 (R)

PM 2M /û/mBi , Nj

PSO4 (R) »
BbQK

SU2 (C) ˆ SU2 (C)ft(A2, A2), (A2,´ A2), (´ A2, A2), (´ A2,´ A2)u

»
BbQK

SU2 (C)ft˘ A2u ˆ SU2 (C)ft˘ A2u
»

BbQK
SO3 (R) ˆ SO3 (R)

_2K�`[m2 , *2 `ûbmHi�i 2bi iQTQHQ;B[m2K2Mi `2K�`[m�#H2- TmBb[m2 HǶQM Q#iB2Mi H� +QMM2tBiû /2 PSO4 (R)-
2i �H;û#`B[m2K2Mi /`�K�iB[m2 TmBb[m2 HǶQM Q#iB2Mi H� MQM bBKTHB+Biû /2 PSO4 (R) �m +QMi`�B`2 /2 b2b
�M�HQ;m2b PSOn (R) TQm` n = 3 Qm n " 5X

_û7û`2M+2 , lM bB #2�m `ûbmHi�i- 7Q`+ûK2Mi- +Ƕ2bi /�Mb (*:R3) N9

@ *�H/2`Q@:2`KQMB c LQmp2HH2b ?BbiQB`2b ?û/QMBbi2b /2 ;`QmT2b 2i /2 ;ûQKûi`B2 - AA T�;2 Ry@Rk

NRX .Ƕ�T`ĕb +2 [m2 HǶQM � /ûKQMi`û TQm` SO3 (R)- bB h P I X S3- H2 `2iQm`M2K2Mi rh +Q``2bTQM/ ¨ ϕh = Ψh,h

NkX 1M 2z2i , Ψpvp´1,v(p) = pvp´1pv´1 = p 2i Ψpvp´1,v(q) = p(p´1q)p´1qq´1p = q
NjX PM [mQiB2Mi2 T�` H2 +2Mi`2 /2 SO4 (R)- +2 [mB 7�Bi �TT�`�ŗi`2 H2b +QmTH2b (A2,´ A2) 2i (´ A2, A2)- TmBb QM miBHBb2 H2 T`2KB2`

i?ûQ`ĕK2X
N9X 1h S�a .�La G1 S1__ALX LPLX *Ƕ1ah LPLX CǶ�A .Aa LPL 5
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