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|j〉 εj
E

ρ̂ = z−1
∑
j

δ(E − εj)|j〉〈j| = z−1δ(E − Ĥ).

z

z =
∑

j δ(E − εj)

ρ̂ =

∑
j e

−βεj |j〉〈j|∑
j e

−βεj
= z−1 exp (−βĤ)

z ≡
∑

j e
−βεj = Tr exp (−βĤ)

N̂ N(j)|j〉 = N̂ |j〉

ρ̂ = z−1
G

∑
j

eβ(µ̄N(j)−εj)|j〉〈j| = z−1
G eβ(µ̄N̂−Ĥ),

zG = Tr eβ(µ̄N̂−Ĥ)

εj ε̃j
HN

⊕NHN

[N̂, Ĥ] = 0

µ̄N̂ →
∑

α µ̄αN̂α



39 

2π� x, p

ρW ≈ 1

z(2π�)3N
exp (−βH)

zcl ≡ z(2π�)3N

ψ(r1, r2) = ±ψ(r2, r1).

χj1,...,jN (r1, . . . rN) ∝
∑
{Π}

(±1)sgn(Π)χjΠ(1)
(r1) . . . χjΠ(N)

(rN)

χj Π
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χa χb

2nd

(1/
√
2)[χa(r1)χb(r2)− χb(r1)χa(r2)] ε̃a+ε̃b |A : 1 1〉 χ̂†

aχ̂
†
b|0〉

2nd

χa(r1)χa(r2) 2ε̃a |S : 2 0〉 (χ̂†
a)

2|0〉
χb(r1)χb(r2) 2ε̃b |S : 0 2〉 (χ̂†

b)
2|0〉

(1/
√
2)[χa(r1)χb(r2) + χb(r1)χa(r2)] ε̃a + ε̃b |S : 1 1〉 χ̂†

aχ̂
†
b|0〉

2nd

χa(r1)χa(r2)χa(r3) 3ε̃a |S : 3 0〉 (χ̂†
a)

3|0〉
χb(r1)χb(r2)χb(r3) 3ε̃b |S : 0 3〉 (χ̂†

b)
3|0〉

(1/
√
3)[χa(r1)χa(r2)χb(r3)

+χa(r1)χb(r2)χa(r3) 2ε̃a + ε̃b |S : 2 1〉 (χ̂†
a)

2χ̂†
b|0〉

+χb(r1)χa(r2)χa(r3)]
(1/

√
3)[χa(r1)χb(r2)χb(r3)

+χb(r1)χb(r2)χa(r3) ε̃a + 2ε̃b |S : 1 2〉 χ̂†
a(χ̂

†
b)

2|0〉
+χb(r1)χa(r2)χb(r3)]

χa χb

χk

[χ̂k, χ̂
†
l ] = δkl

{χ̂k, χ̂
†
l} = δkl.


