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4. Cross section and phase space
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Quantum mechanics restricts the number 
of final states  dnf of a single particle in a 
volume V with momentum

For particle C and D 
scattered into momentum 
elements d3pC and d3pD

Factor 2E is result of  
normalization of the wave 
function: 2E particles / V



Advanced Particle Physics: II. Pre-requisites

U. Uwer 2

4.2 Incident particle flux  Fi

Choose system where particle B is at rest

Fi =   (flux density A) × (density B) 
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Other cases:

4.3 Lorentz invariant phase space factor
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Lorentz invariant phase space factor dΦnParticle flux Fi

Remark: volume V drops out !
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Wd =σPutting everything together
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Phase space factor dΦ for two-particles final-state
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4.4 Differential cross section …putting everything together
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5. Decay width, lifetime and Dalitz plots

5.1 Decay width
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Two-body decay:
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Three-body decay:
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scalar

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
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5.2 Dalitz Plots Method:

Put every measured decay into a 2-dim,. 
(E1,E2) distribution. A flat distribution over 
the allowed region corresponds to a “flat 
matrix element”. Structures in the 
distribution point to a varying matrix elem.

νµπ m±→0   :Ex. K

Dalitz Plot: final state at 3 GeVpK 0+π
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Λ→+ −+− ππpK

πp

Experiment: Kaon beam on a liquid H2  
bubble chamber 

⇒ 2 bands at Λπ± inv. 
masses of  ~1385 MeV

Explanation:

Λπ± form an intermediate  
resonance state:

±± Λ→Σ π)1385(

)1385(±Σ

Dalitz Plot: Example


