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Abstract. Using only the Boson canonical commutation relations and the
Riemann-Lebesgue integral we construct a simple theory of stochastic
integrals and differentials with respect to the basic field operator processes.
This leads to a noncommutative Ito product formula, a realisation of the
classical Poisson process in Fock space which gives a noncommutative central
limit theorem, the construction of solutions of certain noncommutative
stochastic differential equations, and finally to the integration of certain
irreversible equations of motion governed by semigroups of completely
positive maps. The classical Ito product formula for stochastic differentials
with respect to Brownian motion and the Poisson process is a special case.

1. Introduction

We construct a quantum mechanical generalisation of the Ito-Doob theory of
mean-square stochastic integration and an associated Ito product formula in
which Brownian motion is replaced by the pair of operator processes (Af(i): t ̂  0),
(,4j(ί):t^0), where Af(t) = a(fχ{OttΊ)9 and A\(t) = a\gχ[0^ are annihilation and
creation operators in the Boson Fock space Γ(£)) over ί) = L2[0, oo)(χ)ϊ, ϊ being a
Hubert space with inner product < , \ and the Poisson process is replaced by
what we call a gauge process (Aπ(t):t^O), where π is a locally bounded self
adjoint operator valued map from [0, oo) to B(ΐ) and Λπ(t) is the differential
second quantisation of I(g)Π(t). This leads to a stochastic calculus which is
in some respects simpler and more natural than the classical theory, which is
contained as a special case.
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