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Aula passada

Formalismo a temperatura finita: funcdes de Green ordenadas
temporalmente a temperatura finita.
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Formalismo a temperatura finita: funcoes de Green retardada e
avancada a temperatura finita.
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Aula passada

Formalismo a temperatura finita: funcoes de Green de Matsubara

—Gap (r171;7272) = T {gTT {TPQM (r171) T%M (7“272)} }

Propriedades das funcdes de Green de Matsubara:
a)

gaﬁ (7“171;7“272) = gaﬁ (7“1,7°2771 — 72) — gaﬁ ("“1;"“277 = T1 — 7'2) (T S [_575])

D) Gy (1,7, T) = (G (11,0, + B) (7 € [~5,0))



Aula passada

Funcdes de Green de Matsubara: frequéncias de Matsubara

gaﬁ (7’1, ra, 7-) = T Z e_iwnTgaﬁ (rla ro, wn) )
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0
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wp = 2n+1)aT (n=0,£1,42,...) (férmions).

Funcdes de Green de Matsubara: caso nao interagente
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valida para férmions ou bosons.



Aula passada
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Teoria de perturbacao a
temperatura finita
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Versao de interacao
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Operador “evolucao temporal”
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Solucao perturbativa do operador
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A fungao de Green de Matsubara
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O teorema de Wick
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Expansao diagramatica
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Regras diagramaticas

1. Draw all topologically distinct diagrams containing » interaction lines and
2n + 1 directed particle lines.

2. Associate a factor 94(1,2) with each directed particle line running from 2
to 1.

3. Associate a factor ¥ ((1,2) with each interaction line joining points 1 and 2.

4. Integrate all internal variables: [ d3x, {§" dr,.

5. The indices form a matrix product along any continuous particle line.
Evaluate all spin sums.

6. Multiply each nth-order diagram by (—1/4)"(—1)F, where Fis the number of
closed fermion loops.

7. Interpret any temperature Green’s function at equal values of  as

go(xi Ti» xJ Ti) = lim go(xt Tis xJ' 7'j). —
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Espaco de Fourier
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Regras diagramaticas (espaco k,»)

1. Draw all topologically distinct connected graphs with r interaction lines and
2n + 1 directed particle lines.

2. Assign a direction to each interaction line. Associate a wave vector and
discrete frequency with each line and conserve each quantity at every vertex.

3. With each particle line associate a factor

o
@20 (k — «f 25.2
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where w,, contains even (odd) integers for bosons (fermions).

4. Associate a factor ¥ 4(k,w,,) = V' (k) with each interaction line.

5. Integrate over all n independent internal wave vectors and sum over all n
independent internal frequencies.

6. The indices form a matrix product along any continuous particle line. Evalu-
ate all matrix sums.

7. Multiply by [-BA*(2m)*]™"(—1)", where F is the number of closed fermion
loops. o

8. Whenever a particle line either closes on itself or is joined by the same inter-
action line, insert a convergence factor e*“»".



Regras diagramaticas (espaco Kk, )

Elementos dos diagramas
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Auto-energia
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