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Chapterr 1 

Introduction n 

Numericall  field theory 

Quantumm field theory describes convincingly the basic processes of particle collisions 
ass performed in accelerator experiments. Within the frame-work of zero temperature 
perturbationn theory at weak coupling we believe to be able to describe all experi-
mentss to the order of accuracy we bother to calculate, given the correct choice of 
particlee content and interaction Lagrangian. At the moment, the Standard Model 
off  particle physics provides what seems to be an adequate model, although certain 
aspectss suggest that it is a low energy limit of a more fundamental theory. 

Havingg conquered the zero-temperature perturbative regime of QFT, experimentalists 
andd theorists alike have moved towards understanding non-perturbative aspects of 
thee SM, in particular the apparent confinement of color in QCD. Non-perturbative 
methodss have been developed, including expansions in parameters other than the 
couplings,, and what is perhaps the most "first principle'1 approach, Monte-Carlo 
integrationn of path integrals of field theories discretized on a Euclidean space-time 
lattice. . 

Takingg advantage of the fundamental analogies between the path-integral formulation 
off  QFT and quantum statistical physics, a theory has in turn been developed for 
quantumm fields at finite temperature. It is ideally suited for Monte-Carlo calculations, 
butt also has a perturbative regime. It turns out that it is often necessary to reorganize 
thee terms in the expansions (re-summation). 

Thee possibility of using a Euclidean description is central for numerical and many ana-
lyticall  approaches alike. Out of equilibrium. Monte-Carlo simulations in the standard 
wayy are of no use. Formalisms for studying QFT out of equilibrium have been de-
velopedd along the lines of the path-integral equilibrium treatment. It is formulated 
inn Minkowski space, and the quantities of interest are correlators of time dependent 
operators. . 

Inn practical calculations it has turned out that except in the simplest approximations, 
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