APPENDIX A: 2-PARTICLE IRREDUCIBILITY

The virtue of the diagrammatic derivation of the 1PI Green
functions, section 2.G, is that one does not need to prove 1P-
irreducibility; it is built-in, by construction. To test the
power of the method; I do it here for 2-particle irreducible
Green functions} and am (almost) successful. This is a warming-

up exercise for computing QCD bound states. Besides, it is crowd-

ing my notebooks.

Introduce 2 kinds of sources: J = (J;,J;5)

1-particle sources

Ji=19—-—d.
2-particle sources J, =% = Js (A.1)

The connected Green functions are the same as usual
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as they are evaluated at Ji:Jij =0. The generating functional 1s

a double expansion 1in J; and;hj;
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Removing a two-particle source can disconnect a connected

diagram:
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Nota bene:
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dJij mn 2\ im jn in Jm

(A.3)

do not forget symmetrizations!
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To define 2-particle irreducible graphs, we have to remove tad-
poles (connected to the rest of the diagram by 1 line) and self- .
energy insertions (connected to the rest of the diagram by 2

lines), Hence introduce
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propagators: D, =37 gy = (A.5)
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If we pull out a leg, it either ends on a source, or 2PI

diagram, or 2P-reducible diagram:
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The 2-particle irreducible (2PI) Green functions are drawn

as black blobs, with each external line coming into a separate

vertex:
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Derivatives with respect to self-energies are denoted by the

corresponding pairs of lines coming into a white vertex:
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caution: 1) .C can be 2-particle E_e_duc_ibl_ei

a ., 4 d
d¢, d¢

w .

example: a term like ‘—i contains diagrams such as

When

2)

when we remove the propagator, the remainder is 2-particle re-
ducible

2-particle reducible A

In the above expansion of dw/dJ;, the m;;=

is 2PI. We sum up its iteration by defining

_ _ A-1
Fij Aij -_HTij , (A.9)

and the expansion can be rewritten as the first duality relation:
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extra term due to Z2-particle sources

(A.10)

The second duality relation 1is

(A.11)
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I do not know how to derive this diagrammaticallyf, but

algebraically it comes from the second Legendre transform:

_ W3] 5 _dWLJ]
i i3
by differentiating with respect to D, , . To go from connected to

1]
2PI Green functions, use the chain rule:

d j d ik _d _, _d d°wig] d (3.13)
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thlS has to be re-expressed
in terms of ¢1 D. .

1]
To elimlnate —4%%2:, use the identity
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Substituting dr/dDy, for J_ = and using the chain rule, we obtain

0= (b, 2 + oHla]_ _d \drle
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Define 2-particle propagator as the inverse of [ 0 mn’

(A.16)

- = (=) a.17)

symmetrized, 2-particle subspace

..I.

Here is where my derivation falls flat on its face.
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