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N

P

•
ξ

P(ξ = +1) = P(ξ =
−1) = 1/2

•

•
h

P/N → 0 P/N → ∞

•

•



N i ∈ (1, ..., N)
σi ∈ ±1 +1 −1

σ %= 0

σ = 0
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P

P(σi) =
1

2
(δ(σi − 1) + δ(σi + 1)), P(τµ) =

1√
2π

exp
(

− τ 2

µ/2
)

.

N P
0 < P/N = α ' 1 ∼ 60 · 106

∼ 30 · 105 α ∼ 5 · 10−2
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HN,P (σ, τ ; ξ, h) ξ h
ξµ
i

H(σ, τ ; ξ, h) = −
1

α1/4
√

N

N,P
∑

i,µ

σiξ
i
µτµ − h

N
∑

i

σi,

P(ξµ
i = 1) = P(ξµ

i = −1) = 1/2 P ξ
ith µth

h
β

ξµ
i ξµ

i > 0 ith µth

σi > 0, τµ > 0 σi < 0, τµ < 0

ξµ
i < 0



m = N−1
∑N

i σi ∈ {−1, +1}
m = −1 m = +1 m = 0
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Z(α, β; ξ, h)

Z(α, β; ξ, h) =
∑

{σ}

∫ +∞

−∞

P
∏

µ

dτµe−τ2

µ/2 exp
(

− βH(σ, τ ; ξ, h)
)

,

〈〉ξ ξ
f(α, β, h) = (−1/

√
αN)〈ln Z(α, β, ξ, h)〉ξ

(α, β, h)

τ
Z(α, β; ξ, h)

Z(α, β; ξ, h) =
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{σ}

e−h
PN

i σie−
β2

√

αN

PN
i,j(

Pp
µ ξµ

i ξµ
j )σiσj .

H̃(σ; ξ, h) σ

H̃(σ; ξ, h) =
−1√
αN

N,N
∑

i,j

(
P

∑
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ξµ
i ξµ

j )σiσj + h
N

∑

i

σi.

m
ith jth

µth ξµ
i = ξµ

j σiσj ξµ
i ξµ

j

µth ith

jth (ξµ
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Jij = N−1
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µ ξµ
i ξµ

j
N σi N

ξµ
i
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ξ 2P h

2N

P

P
mµ = N−1

∑N
i σiξ

µ
i µ ∈ (1, ..., P )

µ mµ → 1
P

P ∼ αN

αc(β, h)

m = 0, mµ = 0∀µ ∈ (1, ..., P )

β → ∞
h

• α < 5%
mµ %= 0 µ

• 5% < α < 14%

• α > 14%

P (ξ) =
1

2
(1 + a)δ(ξ + 1) +

1

2
(1 − a)δ(ξ − 1),

a = 0 〈ξµ
i ξν

i 〉 = δµν + a2(1−
δµν)

Jij =
p

∑

µ

(ξµ
i − a)(ξµ

j − a)
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