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•0 !* $% � &% " " �� ' �� � $ .� % � # . /% & S = N − 1/2� �� � 40 � �� % � # S = 9/2 � *

132 � . � 9� ! � 137� � � % � # S = 3/2�
• 2S + 1 = 2N .� �� ! . c†α � α = −S, ..., +S

•1 � ' !� � � $% � � � &% � & → �� � / � . .% :� ! !� ! & . /% & J / �% *% & 2 . �

P †
Jm = C

(α,β)
(JM)c

†
αc†β

H = −t
∑

i,α

(c†i+1,αci,α + HC) +
∑

J=0,..,2N−2

UJ

∑

i,M

P †
i,JMPi,JM

SU(2) → SU(2N)
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• ��� < .% & 2� !� / �% *% & 2 � P †
i,00 = c†i,1/2c

†
i,−1/2

• U0 < 0 � " � !�% .�% & 2 9 	 � 
( � & ' 2kf �� , % & .� � :% � % �% ! . �

6 OCDW (x) = e2ikF j
∑

α c†j,αcj,α

6 OSUP (x) = c†i,1/2c
†
i,−1/2

< O†
CDW (x)OCDW (0) >∼ ρn

2/xαc

�
 †
SUP (x)OSUP (0) >∼ ρs

2/xβc

ρn = ρs ∼< cos(
√

2πΦs) >
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• 4 .� �� ! . c†α � α = ±3/2,±1/2

•� � � # � � < � & ' � � ; / �% *% & 2 . �

6 P †
00 = (c†3/2c

†
−3/2 − c†1/2c

†
−1/2)/

√
2

6 P †
2M=(2,1,0,−1,−2) =

(c†3/2c
†
1/2, c

†
3/2c

†
−1/2, (c

†
3/2c

†
−3/2 + c†1/2c

†
−1/2)/

√
2, c†1/2c

†
−3/2, c

†
1/2c

†
3/2)

H = −t
∑

(c†i+1,αci,α + HC) + U0

∑

P †
i,00Pi,00 + U2

∑

P †
i,2mPi,2m

SU(2) → SU(4)
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• 	 �4 � �# �* 2 ! � ' ! & .% � � �� % � # N =
∑

i,α c†i,αci,α

, � � & ' �# � & 2; < <= SO(5)

• SU(4) = L ⊕N� % � # [L,L] ∈ L, [L,N ] ∈ N � & ' [N ,N ] ∈ L�

• Na
i =

∑

c†i,αΓa
α,βci,β � a = (1, ..., 5)

• Lab
i = −i/2[Na

i , N b
i ] ∈9 
 ��� �

H = −t
∑

i,α

(c†i+1,αci,α + HC) + U/2
∑

i

(Ni)
2 + V

∑

i

∑

a

(Na
i )2 + Cte

� 	 � 3U0+5U2

4 ��� � U0−U2

2 �

•9 
 �� � �

[
∑

i Lab
i ,H] = 0
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•9 	 �= � !$ : ! '% & 2 → 5 � �* � � & . 2 ! & !* �� � * . � (Sz , σ, τ)

•9 /% & Sz =
∑

i(
3
2ni,3/2 − 3

2ni,−3/2 + 1
2ni,1/2 − 1

2ni,−1/2)

•� . !� ' � 9 /% & σ = 1
2

∑

i(ni,3/2 − ni,−3/2 + ni,1/2 − ni,−1/2)

•� . !� ' � 
 * :% � �� τ = 1
2

∑

i(ni,3/2 + ni,−3/2 − ni,1/2 − ni,−1/2)

, # !* ! ni,α = c†i,αci,α

• Sz � & ' σ �* !; 9 
 �� � � �* � � & .�

•� . !� ' � 
 * :% � �� τ% . & � � " � & . !* � ! '�
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• �# �* 2 !6 � ! & .% � � � � � �% & 2 !* % � �% '
•9 /% & . !" � � * � SO(5) ⊗ Z2 � * � . .6 3 !� !� 1 � ' !� �

Hs = HSU(4)1 + g||L
ab
R Lab

L + g⊥Na
RNa

L

g|| = U0 + U2 � g⊥ = 3U2 − U0

• g|| = g⊥ ⇔ U2 = U0 �9 	 �= � . � $ $ !� *% "

• SU(4) = L ⊕ N� % � # [L, L] ∈ L, [L, N ] ∈ N � & ' [N, N ] ∈ L�

• [L,Hs] = 0 ⇒ SO(5)

• Na
R(L) ⇒ −Na

R(L) ⇒ � 2
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ġ|| = 4 (g|| − 2)2



3

(

g||
g2
|| − 4

)2

+

(

g⊥
g2
⊥ − 4

)2




ġ⊥ = 16
g⊥
(

g2
⊥ − 2g||

)

(g2
⊥ − 4)

(

g|| + 2
)

g → g/2πv
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• � 2 � ≤; → , ! �- " �� /� % & 2 
 ! 2% $ !

•� � & � $ % " �� 9 � $ $ !� * � � &� �* 2 !$ ! & � �� 9 � � �� 9 	 �= � � g∗|| = g∗⊥ � & ' g∗|| = −g∗⊥
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H∗
s = HSU(4)1 + g∗(Lab

R Lab
L + Na

RNa
L)

•; - F �� , % & .� � :% � % � � � ρn 6= 0 ρs = 0

•� . !� ' � 6 
 * :% � �� τ =
∫

(τR + τL) : ! " � $ ! . � 2 � � ' � � � & � � $ & � $ : !*

• �� "% � ��% � & . � $ � � � & ' √
2$ �
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H∗
s = HSU(4)1 + g∗(Lab

R Lab
L − Na

RNa
L)

• � 2� � �� % � � � Na
R → Na

R, Na
L → −Na

L, g⊥ → −g⊥

• ρs ↔ ρn � 9 % & 2� !� 9 � / !*� �% '% & .� � :% � % � � � ρs 6= 0 ρn = 0

•� . !� ' � 6 
 * :% � �� " � * * ! & � τ =
∫

(τR − τL) ⇒ �# % * �� 9 � / !*� �% '
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• � � � & � � $ + .% & 2 � * � & .% �% � & � & � # ! Z2 . !� � 6 ' � �� � % & ! g⊥ = 0 ⇔ U0 = 3U2

• + & � # ! � � � & � � $ " *% �% " �� * ! 2% � & � # !9 	 �= � . / !" � * � $ . /� % � �

• $ ⇒ S = 3/2 → m3/2

•
√

2$ ⇒ (S = 0) + (S = 2) → m0 � m2

• m0 → 0 .% & 2� !� : �� & ' .� �� ! . " � & ' ! & . !
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Hext =
∑

i,a

µaNa
i

• µτ = µ 1
2

∑

i(ni,3/2 + ni,−3/2 − ni,1/2 − ni,−1/2) � < τ >= ∂E(µ)/∂µ

• 3 � * $ �� �� , � # � . ! < τ >∼ 0

•9 � / !* � �% ' �# % * �� � # � . ! < τ > 6= 0

6 ∫

(τR − τL)% . " � & . !* � ! ' �
�

τ, Φ] = i,Φ% .� � "- ! '

• + & � # ! � � � & � � $ " *% �% " �� * ! 2% � & Ξ(m0) = ∂2E(µ)/∂µ2 ∼ log |m0|
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