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 what is order?

 ferromagnetism

 Weiss (mean-field) model

 critical behavior

 symmetry breaking

 excitations
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 mean-field approach (Weiss model)
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x

M
T=TC

𝑥𝑥 ≪ 1

𝐵𝐵𝑆𝑆 𝑥𝑥 ≈
𝑆𝑆 + 1
3𝑆𝑆

𝑥𝑥 𝑇𝑇𝐶𝐶 =
𝑔𝑔𝜇𝜇𝐵𝐵(𝑆𝑆 + 1)𝜆𝜆𝑀𝑀𝑆𝑆

3𝑘𝑘𝐵𝐵

S = 1/2, TC = 1000 K

Bmf = 1500 T
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 paramagnet → Curie law
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Curie-Weiss law
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 dependence on magnetic field below TC

𝐵𝐵𝑆𝑆 𝑥𝑥 ≈
𝑆𝑆 + 1
3𝑆𝑆 𝑥𝑥 − 𝑘𝑘𝑥𝑥3 → 𝑀𝑀~𝐵𝐵

1
3

for B ≠ 0 there is no transition!!!
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 paramagnet → Curie law
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α 𝐶𝐶𝑃𝑃~𝜀𝜀−𝛼𝛼 0 -0.12 -0.015 0.11 0

ν ξ~𝜀𝜀−ν 1/2 0.71 0.67 0.63 1

η 𝜑𝜑(0)𝜑𝜑(𝑟𝑟) ~𝑟𝑟−𝑑𝑑+2−𝜂𝜂 0 0.035 0.038 0.036 1/4
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 mean-field disregards fluctuations and correlations

 calculated by various methods

 not independent (Widom relations)

 not necessarily identical above and below the transition

𝛾𝛾 = 𝛽𝛽 𝛿𝛿 − 1
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MAGNETIC ORDERING symmetry breaking

𝐹𝐹 = 𝐸𝐸 − 𝑇𝑇𝑇𝑇

order
disorder

translation, rotation

�ℋ = −�
𝑖𝑖,𝑗𝑗

𝐽𝐽𝑖𝑖𝑖𝑖𝑺𝑺𝑖𝑖𝑺𝑺𝑗𝑗

translation, rotation

?

N

H HH
N



MAGNETIC ORDERING symmetry breaking

𝐹𝐹 𝑀𝑀 = 𝐹𝐹0 + 𝑎𝑎0 𝑇𝑇 − 𝑇𝑇𝐶𝐶 𝑀𝑀2 + 𝑏𝑏𝑀𝑀4

 Landau model of second-order phase transition

𝜕𝜕𝐹𝐹
𝜕𝜕𝑀𝑀 = 0 𝑀𝑀 = 0

𝑀𝑀 = ±K 𝑇𝑇𝐶𝐶 − 𝑇𝑇
(only close to TC)

𝐹𝐹 = 𝐸𝐸 − 𝑇𝑇𝑇𝑇

order
disorder
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𝐹𝐹 = 𝐸𝐸 − 𝑇𝑇𝑇𝑇
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𝑺𝑺𝑖𝑖 , �ℋ ℏ𝜔𝜔 = 4𝐽𝐽𝐽𝐽(1 − cos𝑞𝑞𝑞𝑞)magnon 
dispersion
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0

∞
𝑔𝑔 𝜔𝜔 𝑑𝑑𝑑𝑑

𝑒𝑒 ⁄ℏ𝜔𝜔 𝑘𝑘𝐵𝐵𝑇𝑇 − 1

3D: 𝑔𝑔 𝑞𝑞 𝑑𝑑𝑑𝑑~𝑞𝑞2𝑑𝑑𝑑𝑑

𝑔𝑔 𝜔𝜔 𝑑𝑑𝜔𝜔~𝜔𝜔1/2𝑑𝑑𝑑𝑑

T <<
𝑀𝑀 0 −𝑀𝑀(𝑇𝑇)

𝑀𝑀(0) ~𝑇𝑇3/2

Bloch law
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