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Experimental tests of QED: 

1. From the matrix element to the measurement

2. e+e- scattering experiments
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What is the (differential) cross section for the reaction ?

QED result for transition amplitude:
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1.1 Kinematics C
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What are the Lorentz scalars the 

cross section can depend on ?
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1. From the matrix element to the measurement
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Crossing
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Most important observable to describe scattering processes. 

Target:                              

Nt scattering centers

particle beams

d
),(SNd Incident particle flux:
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ni = particle density in beam                     
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1.2 Cross section – experimental definition  

5



Differential  cross section: 

Total cross section:

The total cross section is obtained from the total rate of scattered particles:. 
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1.3 Scattering matrix and transition amplitude

Scattering process:

4321
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Initial and final states: i t

Scattering operator (S matrix): it
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Measurement selects specific state f. 

Probability Sfi to find f:
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Probability (density) that collection of states 

i will make the transition to a final state f:
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fifi SP

… or to all possible final states f:
f

fifi
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Final-state phase-space: 

The calculation of the transition probability has to consider the number of 

possible states for each of the out-going particles: phase-space factor

dNf =  number of states

within     and              : p
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flux incindent
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1.4 Amplitude, cross section and phase space

wf I = Transition rate / V

Fermi‟s trick

incident flux

( )

) We use the probability density, but we divide by a redefined flux:

Ignore the “prime” in the following.  

V/
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Incident flux : 
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Lab:

CMS: 21 pp


Lab:

CMS:

Reminder: Normalization of states
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States are delta-function in momentum space.
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Final state

See also PDG http://pdg.lbl.gov/2010/reviews/rpp2010-rev-kinematics.pdf

Lorentz invariant phase-space factor for n particles:

),,( DCi ppPd 2LIPS

(uses unfortunately different normalization) 

Lorentz invariant phase-space factor
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Phase space integration for two-particles final-state (CMS)
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In the CMS and 2-particle final-state need to integrate only over pc: d
3p = d p2 dp
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1.5 Differential cross section …putting everything together
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• The dynamics of the scattering process is contained in the matrix element Mfi

which can be calculated using Feynman rules

• 1/s dependence of the cross section because of initial/final state kinematics
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1.6 Decay width, lifetime and Dalitz plots

Decay width
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Three-body decay:
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Remark: Instead of variables E1 and E2 

one can use variables          and            

= invariant mass of pairs (i,j)
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If phase space is 

flat in Ei then it is 

also flat in mij

Experimental method to explore behavior of Mfi:  Dalitz Analysis

(for A  being a scalar, or average over all spin states)

for scalar A or 

averaged over spins

In rest frame of A: 

1,2,3 in one plane

3 angles define the orientation
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Dalitz Plots

Method:

Put every measured decay into a 

2-dim,. (E1,E2) or (m1
2 ,m2

2) 

distribution. A flat distribution 

over the allowed region 

corresponds to a “flat matrix 

element”. Structures in the 

distribution point to a varying 

matrix element
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Dalitz-Plot at Work: 
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M. Staric, HEP 2007 (Manchester)


