
2c) Perturbation theory, Feynman rules

Start with scalar field theory.

To make contact with non-relativistic scattering theory, write e.o.m.



Perturbative expansion is an expansion in powers of the coupling
constant! To 1st order, can use free fields on r.h.s. of (2.28):

Note: up to "trivial" factors (normalization, 4-mom. conserv.) the
transition amplitude is just given by the coupling!

Rate of transitions  initial --> final 



To form a quantity which is independent of experimental set-up,
i.e. of the flux of "incident" and "target" particles: have to 
divide by these factors

*) Flux of "beam" particles on a stationary target (in rest frame of
"particle 2") = number of particles reaching target per unit area
and unit time:



Finally, need to multiply with final state phase space volume
element. For standard normalization (2E particles in V), this
is for a 2-particle final state:

=> differential cross section:

Note:

*) V has dropped out, as advertized

*) Expression is Lorentz invariant!



Reduced amplitude F is Lorentz invariant

Limiting cases:

-)



For experimentally useful quantity: need to integrate over
sufficiently many final state momenta (components) to get rid
of the delta-functions. For 2 --> 2 scattering:

*) In cms frame:

*) Using Lorentz invariants: Mandelstam t

*) If final state particles are identical: not allowed to integrate
over entire phase space, or divide by a symmetry factor. Reason:




