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Delta Function in Propertime Path Integral for Relativistic Diffusion:
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There is an infinite speed component in a solution of a simple diffusion equation with the first order time derivative. Infinite
speed means violation of causality in relativistic theory, and it is known the solution of such a equation has pthological solutions
of growing modes. Propagation with infinite speed can be viewed as propagation from the future to the past by Lorentz transfornr
and the damping mode becomes growing mode with this time reversal propagation.

When we treat the diffusion process as a Markovian random walk process, the displacement at one time step must be su
that Delta ¥/Delta t = finite. Consequantly the velocity must be infintely large in the limit of infinitely small time step, which
means causality violation. Markovian random walk yields diffusion equation with first order time derivertive, therefore, causality
violation is unavoidable in the first order equations.

To aviod this difficulty, the author proposed a method to use proper time as a parameter of time evolution; the distribution
function is defined over a four dimensional Minkowski space. Then the time evolution of sinle particle distribution function can
be solved with the method of path integral. The four velocity in the Minkowski space has a constraint coming from the energy
shell. To enforce this constraint, we must insert a delta function in each step of path integral. This is similar to the path interal of
gauge fields in quantum field theory. It is known there is an ambiguity in the measure of delta function integration, which causes
so called Faddeev-Popov ghost in quantum field theroy. There is similar ambiguity in our proplem here, which will be discussec
in detail in the presentation.
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