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General Lorentz transformation
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Invariant Variables (Mandelstam variables)

s=(PA+PB)2=(PC+PD)2

t=(PA¡PC)2=(PB¡PD)2
u=(PA¡PD)2=(PB¡PC)2
s+ t+u=mA

2 +mB
2 +mC

2 +mD
2

P

PP

PA C

B D

m p m
s=2m(m+E)

m mθ s=4(p2+m2)
t=¡2p2(1¡ cos �)
u=¡2p2(1+ cos �)

Crossing Symmetry

P

P

P

P

B

C,D

D,C

A

t,u

s

s-channel t-channel u-channel
A+B!C+D A+C�!B� +D A+D�!B� +C

s

t

u

(PA+PB)2

(PA¡PC)2

(PA¡PD)2

(PA¡PC)2

(PA+PB)2

(PA¡PD)2

(PA¡PD)2

(PA+PB)2

(PA¡PC)2

Two Body Decay
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Two Body Reaction
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In Lab system
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Transformation between Lab and CM-Systems
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Lorentz Invariant Phase Space
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Phase Spce of n-bodies (normalization
R
unitV� dV =2E)

Phase space volume of single particle: h3=(2�~)3=(2�)3
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Rapidity
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