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supercondutores ferromagnetos antiferromagnetos



Quebra espontânea de simetria
A emergência na física da matéria condensada e as quebras espontâneas de 
simetria, Ciencia & Cultura 65, 32 (2013)

O ESTADO FUNDAMENTAL DE UM SISTEMA TEM

MENGS SIMETRIA OVE O HAMILTONIAN O

FERROMAGNET E 25 to SE Tate

EMBORA H SEJA INVARCANTE POR POTATOES
DE SPIN



Comportamento clássico X quântico
Clássico Quântico
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Ordem magnética

A. Paramagnetismo
B. Ferromagnetismo
C. Antiferromagnetismo
D. Ferrimagnetismo
E. Vidro de spin
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Ordem cristalina
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Cristais líquidos



Ordens superfluida e supercondutora
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Excitações elementares
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Defeitos:
Ferromagnetismo e domínios



Discordância

Porco-espinho

Disclinação em cristal líquido
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Transição líquido-gás
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Expoentes críticosRG flow of multi-parameterΦ4 field theories Ettore Vicari

3D Ising exponents ν α η β
EXPT liquid-vapour 0.6297(4) 0.111(1) 0.042(6) 0.324(2)

fluid mixtures 0.6297(7) 0.111(2) 0.038(3) 0.327(3)
uniaxial magnets 0.6300(17) 0.110(5) 0.325(2)

PFT 6,7-l MZM [16] 0.6304(13) 0.109(4) 0.034(3) 0.326(1)
O(ε5) exp [16] 0.6290(25) 0.113(7) 0.036(5) 0.326(3)

Lattice HT exp [17] 0.63012(16) 0.1096(5) 0.0364(2) 0.3265(1)
MC [18] 0.63020(12) 0.1094(4) 0.0368(2) 0.3267(1)

Table 1: Estimates of the critical exponents of the 3D Ising universality class, from experiments (taken
from the review [1]), resummation of the FT 6,7-loop calculations within the MZM scheme and of O(ε5)
expansions, and from lattice techniques: 25th order high-temperature (HT) expansion andMonte Carlo (MC)
simulations.

renormalized quartic coupling. Moreover, one defines a mass renormalization constant Zt by re-
quiring ZtΓ(1,2) to be finite when expressed in terms of g. Then one derives the RG functions
β (g) = µ∂g/∂µ and ηφ ,t(g) = ∂ lnZφ ,t/∂ lnµ . Analogously to the MZM scheme, the nontrivial
zero g∗ of the β -function is the stable FP, and the critical exponents are obtained by evaluating the
RG functions ηφ ,t(g) at g= g∗. Within this scheme, one can perform the so-called ε ≡ 4−d expan-
sion [14], i.e. and expansion about d = 4. Alternatively, one can fix d after renormalization [15],
for example d = 3, obtaining a fixed-dimension expansion in the MS coupling g.

FT perturbative expansions are divergent. If we consider a quantity S(g) that has a per-
turbative expansion S(g) ≈ ∑skgk, the large-order behavior of the coefficients is given by sk ∼
k!(−a)k kb

[

1+O(k−1)
]

, with a> 0 for d < 4. Thus, in order to obtain accurate results, an appro-
priate resummation is required before evaluating the RG functions at the fixed-point value g∗. This
can be done by exploiting their Borel summability, which has been proved for the fixed-dimension
expansion in d < 4, see e.g. Refs. [2, 1] and references therein, and has been conjectured for
the ε expansion. Moreover, one can also exploit knowledge of the high-order behavior of the ex-
pansion, which is computed by semiclassical instanton calculations, see, e.g., Refs. [12, 2]. Note
that the results of this resummation are essentially nonpertubative, because it uses nonperturbative
information.

3.3 The 3D Ising and XY universality classes

The effectiveness of the RG approach based on Φ4 QFTs can be appreciated by looking at the
results for the 3D O(N) models, and in particular for the Ising and XY universality classes.

The Ising universality class corresponds to a Φ4 theory with a real one-component field. It
describes transitions in several physical systems, such as liquid-vapor systems, fluid mixtures,
uniaxial magnets. Table 1 shows selected results from experiments, field-theoretical and lattice
computations. A more complete review of results can be found in Ref. [1]. FT results are quite
precise and in good agreement with experiments and lattice computations, which provide the most
precise theoretical estimates.

The 3D XY universality class is characterized by a two-component order parameter and the
symmetry U(1). It corresponds to the O(N) model (1.1) with N = 2. An interesting represen-
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