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See also MAIANI and BENHAR,
Chapters 3 and 4.
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The Feynman propagator function, ΔF( x − y )
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The propagator is one of the Green’s 
functions of the operator (◻ + μ2) .
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2 Propagator

From Wikipedia, the free encyclopedia

This article is about Quantum field theory. 
For plant propagation, see Plant propagation.
In quantum mechanics and quantum field theory, 
the propagator is a function that specifies 
the probability amplitude for a particle to 
travel from one place to another in a given 
time, or to travel with a certain energy and 
momentum. 

In Feynman diagrams, which serve to calculate 
the rate of collisions in quantum field 
theory, virtual particles contribute their 
propagator to the rate of the scattering event 
described by the respective diagram.

These may also be viewed as the inverse of the 
wave operator appropriate to the particle, and 
are, therefore, often called (causal) Green's 
functions (called "causal" to distinguish it 
from the elliptic Laplacian Green's function).

● sort of correct;

● it's often described 
like this;

● but it's not really 
accurate.
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Faster than light?



The Feynman propagator in 
coordinate space, depends on s;

s is the "invariant separation";

s = ( x − y )2 = ( x0 − y0 )2 − ( x − y )2

Recall from special relativity:

s > 0 is a timelike separation;

s < 0 is a spacelike separation.

H1
(2) (z) = the Hankel function of the 

second kind with index 1;
timelike

K1(z) = the modified Bessel function
with index 1;
spacelike

Make a graph of GF(x − y)  versus s .

You can do it with MATHEMATICA.
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Faster than light?

The Feynman propagator has some properties that seem 
baffling at first. In particular, unlike the commutator, the 
propagator is nonzero outside of the light cone, though it 
falls off rapidly for spacelike intervals. Interpreted as an 
amplitude for particle motion, this translates to the virtual 
particle traveling faster than light. It is not immediately 
obvious how this can be reconciled with causality: can we 
use faster-than-light virtual particles to send 
faster-than-light messages?

|GF|

x0

|x|

➔ GF(x-y) is peaked at the light cone;
➔ it is singular at s = 0 (the light cone);
➔ it decreases with time in the forward 

light cone;
➔ it is NOT ZERO outside the light cone.
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From Mandl and Shaw page 51:
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ΔF(x − y) is not really a description of motion;
rather, it is a correlation function. 


