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How to calculate 
amplitude?

Feynman Diagram!

propagator

vertex
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5 gluon amplitude 

A PhD Student's Nightmare:
Calculating Amplitude with Feynman Diagram.

6 gluon~10,000 diagrams     7 gluon~150,000 diagrams  
8 gluon~3,000,000
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A PhD Student's Nightmare:
Calculating Amplitude with Feynman Diagram.
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A PhD Student's Revenge:
Say NO to Feynman Diagram.

...Spinor Helicity Formalism 
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A PhD Student's Revenge:
Say NO to Feynman Diagram.

...Color-decomposition 
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A PhD Student's Revenge:
Say NO to Feynman Diagram.

Kleiss-Kuijf (KK) relation(1989)

Reflection 
    Relation 

Cyclic relation 

Bern-Carrasco-Johansson (BCJ) relation(2008) 
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How to calculate 
amplitude?

BCFW on-shell 
Recursion Relation!
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Britto-Cachazo-Feng-Witten(BCFW) 
                             On-shell Recursion Relation

...Shift of two momenta in

on-shell momenta

total momentum 
conservation
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Britto-Cachazo-Feng-Witten(BCFW) 
                             On-shell Recursion Relation

...Complexified the amplitude

...Contour integral
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Britto-Cachazo-Feng-Witten(BCFW) 
                             On-shell Recursion Relation
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Britto-Cachazo-Feng-Witten(BCFW) 
                             On-shell Recursion Relation

...Evaluate the Residue: Location of the poles
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Britto-Cachazo-Feng-Witten(BCFW) 
                             On-shell Recursion Relation

...Three-point gluon amplitude
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Britto-Cachazo-Feng-Witten(BCFW) 
                             On-shell Recursion Relation

...Example
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Britto-Cachazo-Feng-Witten(BCFW) 
                             On-shell Recursion Relation
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Lagrangian
Wick  Contraction
Feynman Rules
Feynman Diagram
..............

Finally The Freedom Finally The Freedom Finally The Freedom Finally The Freedom 
                  of PhD Students!                  of PhD Students!                  of PhD Students!                  of PhD Students!


