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Stochastic Quantization Method

Mikio Namiki
(Department of Physics, Waseda University)

The stochastic quantization method Chearafter SQM), proposed by Parisi and Wu in
1981, offers us a new way of quantizing dynamical systems different from the conventional
methods, i.e. the canonical and path-integral ones. The method is so designed as to
produce quantum theory as a thermal equilibrium limit of a hypothetical stochastic process
with respect to a “fictitious time” other than the ordinary time. Every quantum-mechani-
cal average can be obtained from solutions of the “Langevin equation”.

After a brief survey of SQM, we develop the perturbative approach to the correlation
functions to give propagators and energy gaps. New theoretical prescriptions are also
presented to extract energy gaps from the fictitious-time dependence of the correlation
functions, and to formulate the “Langevin equation” directly for a general physical
quantity.

Applying SQM to gauge fields, we observe that it is not necessary to introduce the
gauge fixing term and ghost field in Lagrangian, contrary to the conventional quantizations.
It is also shown that we can formulate the stochastic gauge fixing without destruction of
the gauge invariance and the unitarity.

Finally we formulate a general theory to quantize constrained systems by means of
SQM and apply it to numerical simulations of the O(N ) nonlinear s-model. The numeri-
cal simulations tells us that SQM provides us a powerful tool to obtain long-range
correlation functions.



