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Theory confronts experiment - Cross sections and decay rates 

Scattering in Quantum Mechanics

• Time evolution (possibly scattering) | ( ) | ( )
in in
t S t! != +" > = = #" >

• Prepare state at t = !" | ( ) |
in
t i! = "# > = >

• Observe resulting system in state | ( ) |out t f! = +" > = >



S matrix for Klein Gordon scattering
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Fundamental experimental objects
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Fundamental experimental objects

1 1 2( ... )
n

a b b b! " Decay width = 1/lifetime

1 2 1 2( ... )
n

a a b b b! " Cross section

(Dimension 1/T=M)

(Dimension L2=M-2)

Cross section =
Transition rate x Number of final states

Initial flux



Fundamental experimental objects

1 1 2( ... )
n

a b b b! " Decay width = 1/lifetime

1 2 1 2( ... )
n

a a b b b! " Cross section

Momenta of final state forms phase space

Cross section =
Transition rate x Number of final states

Initial flux

For a single particle the number of final states in volume V with momenta 
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Fundamental experimental objects
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Cross section =
Transition rate x Number of final states

Initial flux
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The decay rate
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Compton scattering of a π meson
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Compton scattering of a π meson
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Compton scattering of a π meson
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Causality?
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Field theory :

!
See Peskin & Schroeder
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