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Considerações gerais sobre quebra 
espontânea de simetria RES
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Por que a QES é incompatível com a 
receita usual da F. Estatística
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Sistema clássico (1 grau de liberdade)
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Quebra de ergodicidade
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Porque flutuações não tiram o sistema 
do setor com QES
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Considerações gerais sobre quebra 
espontânea de simetria

Quebra espontânea de simetria (QES):
• Hamiltoniano é invariante sob um conjunto de 

transformações globais G.
• Estado fundamental ou térmico não é invariante sob G.
• Quebra de ergodicidade: sistema deixa de explorar todas 

as configurações e fica “preso” em um setor com 
simetria quebrada.

• Só acontece no limite termodinâmico.



Parâmetros de ordem e seus campos conjugados



Densidade de energia livre como 
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Considerações gerais sobre quebra 
espontânea de simetria

“Receita” para investigar QES:
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Complicações no caso quântico: 
antiferromagnetismo
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Considerações gerais sobre quebra 
espontânea de simetria

Caso quântico: 
• Muitas vezes, o parâmetro de ordem não comuta com 
H.

• Não é uma constante do movimento, varia com o 
tempo.

• Tempo característico de rotação t diverge no limite 
termodinâmico.
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(sem aplicação do campo infinitesimal)
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Quebra espontânea de simetria 
contínua: modos de Goldstone

260 Broken symmetry and collective phenomena

the action in the long-wavelength limit q → 0 further implies that the contribution of the
soft modes dominates practically all observable properties of the system.

EXERCISE Explore the structure of the propagator G(q) ≡ 〈φqφ−q〉 associated with S[φ] and

convince yourself that the arguments formulated for the specific case of the φ4-theory are of

general validity. To this end, notice that, for small q, G(q) ∼ |q|−n, where n denotes the index

of the first non-vanishing coefficient c1, c2, . . ., i.e. the propagator is dominated by the smallest

q-power appearing in the action. The power-law behavior of the correlation function implies a

homogeneity relation G(q/λ) = λnG(q). Show that this scaling relation implies that the Fourier

transform G(r ≡ |r|) = 〈φ(r)φ(0)〉 obeys the “scaling law” G(λr) = λ−d+nG(r). This, in turn,

implies that the real space correlation function also decays as a power law, namely G(r) ∼
|r|−d+n, i.e. in a “long-range” manner. Explore the breakdown of the argument for an action

with a finite mass term. Convince yourself that, in this case, the decay would be exponential,

i.e. “short-range.”

λ

ψ0

gψ0

g(x)ψ0

What, then, are the origin and nature of the
soft Goldstone modes caused by the sponta-
neous breakdown of a symmetry? To address
this point let us consider the action of a sym-
metry group element g on a (symmetry broken)
ground state ψ0 (cf. the middle row of the fig-

ure). By definition, S[gψ0] = S[ψ0] still assumes its extremal value. Assuming that g is close
to the group identity, we may express g = exp[

∑
a φaTa], where the {Ta} are generators

living in the Lie algebra of the group and φa are some expansion coefficients.12 Express-
ing fluctuations around ψ0 in terms of the “coordinates” φa, we conclude that the action
S[φ] = 0. However, if we promote the global transformation to one with a weakly fluctuating
spatial profile, g → g(r), ψ0 → g(r)ψ0 (bottom row of the figure), some price must be paid.
That is, for a spatially fluctuating coordinate profile {φa(r)}, S[φ] "= 0, where the energy
cost depends inversely on the fluctuation rate λ of the field φ. The expansion of S in terms
of gradients of φ is thus bound to lead to a soft mode action of the type Eq. (6.10).
In view of their physical significance, it is important to ask how many independent soft

modes exist. The answer can be straightforwardly given on the basis of the geometric picture
developed above. Suppose our symmetry group G has dimension r, i.e. its Lie algebra is
spanned by r linearly independent generators Ta, a = 1, . . . , r. If the subgroup H ⊂ G has
dimension s < r, s of these generators can be chosen so as to leave the ground state invariant.
On the other hand, the remaining p ≡ r− s generators inevitably create Goldstone modes.
In the language of group theory, these generators span the coset space G/H. For example,
for the ferromagnet, H = O(2) is the one-dimensional subgroup of rotations around the
quantization axis (e.g. the z-axis). Since the rotation group has dimension 3, there must be
two independent Goldstone modes. These can be generated by the action of the rotation, or
angular momentum generators Jx,y acting on the z-aligned ground state. The coset space

12 Here we have used the fact that, for any reasonable model, G will be a Lie group, i.e. a group with the structure
of a differentiable manifold.

Teorema de Goldstone: Se num sistema com uma simetria global contínua e 
interações de curto alcance ocorre QES, sempre haverá pelo menos um ramo de 
excitações cuja dispersão é tal que
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Resultados gerais para várias simetrias 
do parâmetro de ordem e dimensões

Simetria contínua:
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Simetria discreta:
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• Rede não frustrada.
• Interações de curto alcance (geralmente, primeiros vizinhos).



Simetria contínua





Simetria discreta




