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Need a new bottle??



Old tales and a New direction

Local QFT, S-Matrix

(CHY scattering amplitude)

Dyson’s story





Battle of  the Sexes



Battle of  the Sixties
Local quantum field theory vs S-matrix theory



Local 
QFT

UV divergence

Discovery of  many hadrons

Symmetry

Scattering amplitudes are 
experimentally more directly relevant

Analyticity of  Scattering amplitudes



QFT

where is the dynamics in S-matrix ? 





UV divergence

strong-weak duality

quantum gravity

early universe

emerging spacetime

string theory
(new dynamics)

Black hole entropy
Holographic principle

QM (EPR)



Magic of  two dimensions
(arbitrary shape)

symmetry in the hidden complex space 
gives rise to string dynamics 



supersymmetry

10-dim spacetime

infinite no. heavy particles

=



The CHY Scattering Formula

Penfolds Grange 1951 2013

Freddy Cachazo, Song He, Ellis Ye Yuan (2013)



• Formulas for n-body scalar, gauge, gravity 
scattering amplitudes (tree)

• Dynamics is provided by a (Mobius) symmetry 
in a hidden underlying complex space

• Spacetime locality, gauge invariance, and 
quantum uncertainties are emerging properties
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scattering equations



translation, scaling, inversion

CHY

Mobius invariant



CHY

Mobius invariant



Emergence
(semi-)local interaction,  quantum uncertainty 



Emergence
local interaction and  quantum uncertainty 

Wed,  May 20       Academia Sinica

Thur,  May 21       Tsinghua University

(with Y.-P. Yao)
U. Michigan



Conclusion

• CHY scattering amplitudes are obtained from an SL(2,C) invariance in an 
underlying complex space

• They lead to usual Feynman diagrams, hence emergence of  local 
interaction and the quantum uncertainty principle

• Also local non-abelian gauge invariance and probably diffeomorphism
invariance

• Can this new formulation lead to a new theory beyond the Standard 
Model?
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