5.

Until now the collective indices have stood for all parti-
cle labels; spacetime location, spin; particle type and so on.
To apply field theory to particle physics we have to describe
propagation of particles through the spacetime. I find it most
convenient to formulate the field theory in our spacetime as an
analytic continuation from a Euclidean world in which there is

no distinction between time and space. What do we mean by propa-
gation in such a space?

Our formulation is inevitably phenomenological: we have no
idea what the structure of our spacetime on distances much short-
er than nuclear sizes might be. The spacetime might be discrete
rather than continuous, or it might have geometry different from
the one we observe at the accessible distance scales. The formal-
1sm we use should reflect this ignorance. We will deal with this
problem by subdividing the space into small cells and requiring
that our theory be insensitive to distances comparable to or

smaller than the cell sizes.

Our next problem is that we have no ides why there are

particles, and why or how they propagate. The most we can say

is that there is some probability that a particle hops from one
spacetime cell to another spacetime cell. At the beginning of
the century, the discovery of Brownian motion showed that matter
was not continuous but was made up of atoms. In particle physics
we have no indication of having reached the distance scales in
which any new spacetime structure is being sensed: hence for us
this hopping probability has no direct physical significance. It
is simply a phenomenological parameter: in the continuum limit

it will be replaced by the mass of the particle.

A. Free propagation

We assume for the time being that the state of 3 particle
1s specified by its 5pacetime'position; and that it has no further
labels (such as spin or color): i==(x1,x2,...,xd}. What is it
like to be free? A free particle exists only in itself and for
itself; it neither sees nor feels the others: it is, in this
chilly sense, free. But if it is not at once paralyzed by the

vast possibilities opened to it, it soon becomes perplexed by



the problems of realizing any of them alone. Born free, it is

constrained by the very lack of constraint. Sitting in its cell,
it is faced by a choice of doing nothing (s = stopping probabili-
ty) or hopping into any of the 2d neighboring cells (h = hopping
probability):

hop with
probability h

The number of neighboring cells defines, if you wish, the di-
mension of the spacetime. The hopping and stopping probabili-
ties are related by the probability conservation: 1 =s + 2dh.
Taking the hopping probability to be the same in all directions
means that we have assumed that the space is isotropic.

Our next assumption is that the spacetime is homogeneous,
i.e. that the hopping probability does not depend on the loca-
tion of the cell. (Otherwise the propagation is not free, but
i1s constrained by some external geometry.) This can either mean
that the spacetime is infinite, or that it is compact and period-
ic (a torus). That is again something beyond our ken - we proceed

in the hope that the predictions of our theory will be insensi-

tive to very large distances.

The isotropy and homogeneity assumptions imply that our
theory should be invariant under rotations and translations.
The requirement of insensitivity to the very short and very long
distances means that the theory must have nice ultraviolet and

infrared properties.

A particle can start in a spacetime cell i and hop along
until it stops in the cell j. The probability of this process

is h's, where L is the number of steps 1n the corresponding path:
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The total probability that a particle wanders from the i-th cell

and stops in the j-th cell is the sum of probabilities associated
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with all possible paths connecting the two cells:

A..=s ¥ h™. (@ . (5.1)
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Nij(L) is the number of all paths of length L connecting i and
J. Define a stepping matrix

1 _ |
(S')ij-ai+nu,j . (5.2)

If a particle is introduced into the ji-th cell by a source
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the stepping matrix moves it into a neighboring cell:
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The operator

(h-S) .. = g h [(s¥), .+ (s") .. '
717 =1 H ij ji°

h = (h,h, ... h) (5.3)

generates all paths of length 1 with probability h:
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(h-S)T=h ><1
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1-th cell

(The examples are drawn in two dimensions). The paths of length

2 are generated by
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and so on. Note that the k-th component of the vector (h-s)!ig
counts the number of paths 0of length L connecting the i-th and

the k-th spacetime cells. The total probability that the particle
stops in the k-th cell is given by
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