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Hpp = −
∫

d3r[gT=1
∑

ν=±1,0

P †
ν (r)Pν(r)

+ gT=0
∑

µ=±1,0

Q†
µ(r)Qµ(r)]
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• ◆♦ ❦✐♥❡♠❛(✐❝ ✐♥(❡*❡+(
〈v

◆✉❝❧❡♦♥'

c

〉

≃ 0.25

• ◆♦ ♠♦*❡ ❛♥❛❧②(✐❝❛❧ ❝♦♥♥❡❝(✐♦♥ ✇✐(❤ ◗❈❉
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c

〉

≃ 0.25

• ◆♦ ♠♦*❡ ❛♥❛❧②(✐❝❛❧ ❝♦♥♥❡❝(✐♦♥ ✇✐(❤ ◗❈❉

⋄ ❈♦♥+❡*✈❡ ◗❈❉  ❝❛❧❡ ✿

S ≃ −400▼❡❱ ❛♥❞ V ≃ 350▼❡❱

• ❆❝❝♦✉♥* *❤❡ ♥♦♥✲-❡❧❛*✐✈✐1*✐❝ -❡❣✐♠❡ (V + S) ≃ 50▼❡❱

• ❙♣✐♥✲♦-❜✐* ♥❛*✉-❛❧ ❡♠❡-❣❡♥❝❡ (V − S) ≃ 750▼❡❱
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δ

[

ERMF −
∑

kl

Λkl(ρ
2 − ρ)kl

]

= 0

❘▼❋ ❡2✉❛&✐♦♥$✿ ❲✐&❤✿

[h[ρ], ρ] = 0

(−∆+m2
m)φm = ±Tr(Γmρ)

h[ρ] =
δERMF

δρ

✾ ✴ ✺✽



[h[ρ], ρ] = 0

(−∆+m2
m)φm = ±Tr(Γmρ)

h[ρ] =
δERMF

δρ
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βi =
∑

j U
∗
jibj + V ∗

jib
†
j

|Φ0〉 =
∏

i>0 βi |0〉 N̂ |Φ0〉 6= N |Φ0〉

ρij =
〈Φ0|b†jbi|Φ0〉
〈Φ0|Φ0〉

κij =
〈Φ0|bjbi|Φ0〉
〈Φ0|Φ0〉
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R =

(

ρ κ

−κ∗
1− ρ

∗

) E❘❍❇ ≡ E❘❍❇[R] = E❘❍❇[ρ, κ]

δ
[

E❘❍❇[R]− µN − Tr{Λ(R2 −R)}
]

= 0

❙♦✉♥❞ ♠♦❞✐✜❝❛#✐♦♥✿

[H,R] = 0

•|κ| = 0 ❈❧❛&&✐❝❛❧ ♣❤❛&❡ •|κ| 6= 0 ❙✉♣❡(✢✉✐❞ ♣❤❛&❡

✶✷ ✴ ✺✽
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VOH(r, z) =
1

2
M

(

ω2
rr

2 + ωzz2
)

♦! VOH(x, y, z) =
1

2
M

(

ω2
xx

2 + ω2
zz

2 + ω2
zz

2
)
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• ~ω
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R β2 β3



R β2 β3

210

E = −1645.5

E = −1648.1

234

E = −1778.0

E = −1775.6

224

E = −1720.3

E = −1726.8
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•β2 = 0.2 •β3 = 0.3

•γ = 30 •β32 = 0.1
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E ′(ρ) = 〈Φ0|H|Φ0〉 −
∑

λµ

❈♦♥#$❛✐♥#❡

︷︸︸︷

Λλµ



〈Φ0|Qλµ|Φ0〉 − qλµ
︸︷︷︸
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✱ !♦♣✉❧❛'✐♦♥✿ P = {I(0), .., I(i), .., I(n)}

✶✳ ❙❡❧❡❝'✐♦♥ ✭'♦✉1♥❛♠❡♥'✮✿ F(I(a), I(b)) = min

(

|E′

n
(a) − E′

n−1
(a)|

|E′

n
(b) − E′

n−1
(b)|

)

✷✳ ❊✈♦❧✉'✐♦♥✿ I(i) =

















c
(i)
❘❛❞✐✉%

c
(i)
Q20

c
(i)
Q30

c
(i)
Q32

c
(i)
γ

















❘❛♥❞♦♠

−−−−−−→
♠✉)❛)✐♦♥%
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Ĩ(i) =

















c
(i)
❘❛②♦♥

c
(i)
Q20

c
(i)
Q30

c
(i)
Q32

c
(i)
γ

















·















0.231

0.091

0.834

0.621

0.005















✸✳ ❊✈❛❧✉❛'✐♦♥✿ ∀I |E′(n) − E′(n−1)|

✷✵ ✴ ✺✽



●❡♥❡#✐❝❛❧ ❛❧❣♦*✐#❤♠- ✕ ❆♣♣❧✐❝❛#✐♦♥-

■♥❞✐✈✐❞✉❛❧✿ I(i) =

















c
(i)
❘❛❞✐✉%

c
(i)
Q20

c
(i)
Q30

c
(i)
Q32

c
(i)
γ

















✱ !♦♣✉❧❛'✐♦♥✿ P = {I(0), .., I(i), .., I(n)}

✶✳ ❙❡❧❡❝'✐♦♥ ✭'♦✉1♥❛♠❡♥'✮✿ F(I(a), I(b)) = min

(

|E′

n
(a) − E′

n−1
(a)|

|E′

n
(b) − E′

n−1
(b)|

)

✷✳ ❊✈♦❧✉'✐♦♥✿ I(i) =

















c
(i)
❘❛❞✐✉%

c
(i)
Q20

c
(i)
Q30

c
(i)
Q32

c
(i)
γ

















❘❛♥❞♦♠

−−−−−−→
♠✉)❛)✐♦♥%
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✭❝❧❛&&✐❝❛❧✮ ✭❣❡♥❡+✐❝❛❧✮

16
❖ {R = 4❢♠✱β2 = 0.3, β3 = 0.1} ✶✷✽✶ ✶✺✶✸
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120
❙♥ {R = 4❢♠✱β2 = 0.3, β3 = 0.1} ✾✸✽ ✶✶✶✾
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✶
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{β2, β3, β32, γ}







▲♦❝❛❧✐&❛'✐♦♥ ♠❡❛&✉,❡

Cτσ( ) =



1 +

(

ττσρτσ − 1
4 [∇ρτσ]2

ρτστ❚❋τσ

)2




−1

❚✇♦ #❡❣✐♠❡(✿ Cτσ =

{

0.5 ❉❡❧♦❝❛❧✐(❡❞

1.0 ❚♦/❛❧❧② ❧♦❝❛❧✐(❡❞

✷✻ ✴ ✺✽



Cτσ( ) =



1 +

(

ττσρτσ − 1
4 [∇ρτσ]2

ρτσττσ

)2




−1

Cτσ =

{

0.5

1.0





◆✉❝❧❡❛& ❝❧✉'(❡&✐♥❣

▲♦❝❛❧✐&❛'✐♦♥



•

• α ≡ f

(
b

r0

)

∝ f

(
A

m ·R

)



α ≡ f

(
A

m ·R

)





︸ ︷︷ ︸

αloc>1

︸ ︷︷ ︸

αloc≤1



◆✉❝❧❡❛& ❝❧✉'(❡&✐♥❣

 ❤❛#❡ %&❛♥#✐%✐♦♥
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▼♦"" "#❛♥&✐"✐♦♥

✹

• ❚#❛♥&✐"✐♦♥ "♦ ❛ ❧♦❝❛❧✐&❡❞ &②&"❡♠

• ρ
●❙

ρ
❚❡%&❛

=

(
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Γ2(1, 2) = 〈Ψ|ψ†(1)ψ†(2)ψ(2)ψ(1)|Ψ〉 ✭✶✮

❲✐$❤✐♥ ❘❍❇ ❢&❛♠❡✇♦&❦

Γ2(1, 2) = ρ(1)(1)ρ(1)(2)
︸ ︷︷ ︸
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︷ ︸︸ ︷
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ia
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E
 ❛✐#

=
〈ΦN |H
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∑
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∑
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0
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❲✐!❤✿

•Γ†
τ =

∑

i
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•

•

E [ρ] = 〈Φcore|H|Φcore〉
︸ ︷︷ ︸

+〈Φq|H′|Φq〉
︸ ︷︷ ︸
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∫
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∑
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∑
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∑
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∑
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∏
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