Theoretical Physics 6a (QFT): SS 2022
Exercise sheet 3

09.05.2022

Exercise 1 (100425 points): Correlation functions

(0)(0 points) How much time did you spend in solving this exercise sheet?

(a)(100 points) As it was shown during lectures and exercises, Green’s functions
and correlators of field operators can be expressed in terms of the A(z) and related
functions:
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Evaluate function A(z) explicitly and do the following:

1) Identify the asymptotic for the case x = (0,X), |X| — oo - i.e. correlation
between two causally disconnected points.

2) Identify the asymptotic for the case z = (¢,0), t — oo - this case can be
treated as a particle at rest.

3) Write explicitly Feynman propagator and commutation function.
Hint: after integration over angles define a new function f(¢,|X|):
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The function f can be calculated using the following parametrization for 4-momentum:

|p| = msinh
E, = mcosh

For the 4-coordinate we have to distinguish 4 different cases, related to the signs of
t and z2:

t>0;t> [%] = t = Va2 cosh)g; |X| = Va2 sinh )y

t>0;t < |X| =t = v/ —x2sinhy; |X| = vV —22 cosh g

t <03t > |%] =t = —V/22 coshtp; |X| = V22 sinh g

t <0;t < %] =t = —/—x2sinhy; |X| = vV —22 cosh g
After these substitutions you will be able to express f in terms of Bessel functions.
Don’t forget to get back to A(x) afterwards!



(c*)(Additional problem for those who are interested - 25 points) Express
A(z), Feynman propagator and commutation function in case of zero mass.
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