
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Cold electroweak baryogenesis and quantum cosmological correlations

van der Meulen, M.P.

Publication date
2008

Link to publication

Citation for published version (APA):
van der Meulen, M. P. (2008). Cold electroweak baryogenesis and quantum cosmological
correlations. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/cold-electroweak-baryogenesis-and-quantum-cosmological-correlations(b0961e82-8496-4681-92ed-32c86bbb2c9f).html


APPENDIX D

CORRESPONDENCE BETWEEN
DIAGRAMS IN QUANTUM AND

CLASSICAL THEORY

In this Appendix we show that, if one chooses initial conditions such that

Fcl(k, τ1, τ2) = F (k, τ1, τ2), (D.1)

the classical approximation reproduces the diagrams of the quantum theory with only
vertices with one dashed line.

Discarding the vertex with three dashed lines in the quantum theory corresponds to dis-
carding the term with (φ(2))3 in equation (7.15). An arbitrary equal time correlation
function, calculated up to order n in the coupling λ, can then be written as

〈φ(τ,x1) . . . φ(τ,xr)〉 = 〈φ(1)(τ,x1) . . . φ(1)(τ,xr)
1
n!

(
S̄int

)n〉(0), (D.2)

where the superscript (0) denotes the free correlation function, and where the modi�ed
interaction part of the action is given by

S̄int = −
∫ τ

−∞
dτa4(τ)

∫
d3x

λ

2!
(φ(1))2φ(2). (D.3)

On the right hand side of equation (D.2) the �elds φ(1) and φ(2) have to be contracted in
all possible ways: every φ(2) is contracted with a φ(1) to a retarded propagator GR, and
the remaining φ(1)’s are contracted with each other to F two point functions. Suppose
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that we do have contracted the φ(2)’s, but not yet the remaining φ(1)’s. The correlation
function can then be drawn as a number of disconnected diagrams, in which the vertices
are connected by GR two point functions and which have loose ends representing φ(1)’s
that are yet to be connected. In total there are n vertices. Each disconnected diagram can
be a tree diagram or a loop diagram. A loop diagram with only GR two point functions
vanishes, as explained in Appendix C. Hence if one of the disconnected diagrams contains
a loop, the complete contraction does not contribute to the correlation function, and for
all non-vanishing contractions the disconnected diagrams are tree diagrams. These tree
diagrams are the same tree diagrams in the classical theory that represent the perturbative
solutions φi in the classical theory (7.52), where all the φ(1)’s in the quantum theory
correspond with free �eld solutions φ0 in the classical theory. The symmetry factors are
also equal because they arise in the same way (the factor 1/n! is canceled by a factor n!
from the n equivalent vertices). The remaining contractions of the φ(1)’s in the quantum
theory are equal to the contractions of the φ0’s in the classical theory, because of equation
(D.1).

Therefore the classical theory with the same couplings as the quantum theory, and using
initial conditions such that (D.1) holds, gives all the diagrams using only the vertex with
one dashed line in the quantum theory, up to vanishing diagrams. Hence this classical
theory reproduces the late time contributions for small internal momenta.
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