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Motivation:
• exclusive processes - challenging tests of QCD
• photon induced reactions – clean test of pQCD
• NLO – LO do not have much predictive power 

Formalism:
• 1980 - Brodsky and Lepage, Efremov and Radyushkin, 

Duncan and Mueller



Situation:
• LO – many exclusive processes
• NLO – 3 processes

Complete list of NLO calculations:
• pion electromagnetic form factor (                        ) 

Field at al. (1981); Dittes and Radyushkin (1981); Sarmadi(1982); Radyushkin
and Khalmuradov (1985); Braaten and Tse (1987); 

complete NLO prediction: Melić, Nižić and Passek (1999,2000)

• pion transition form factor (              ) 
del Aguila and Chase (1981); Brateen (1983); Kadantseva et al. (1986); 

BLM scale (NNLO): Melić, Nižić and Passek (2001)

• two photon annihilation into meson pair (                    ) 
Nižić (1987) – simplified meson distribution amplitude:





Distribution amplitude:

Asymptotic (as)

Chernyak-Zhitnitsky (CZ)

Bakulev, Mikhailov, Stefanis
(BMS)







Brodsky and Lepage ( Phys.Rev.D 24, 1808 (1981) )
Essential parts of the hard scattering amplitudes are accidentally proportional to the 
pion form factor 



NLO = 422 diagrams (they can be 

generated from 58 basic diagrams) 



Physical scales:
•BLM – mean virtuality of gluon propagator

• scheme – QCD coupling is defined from the heavy quark 
potential. Renormalization scale is by definition the momentum 
transfer caused by the gluon. 

… a few years later:



Measurements:
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Conclusion:
• hard scattering picture is way below 

the experiment
• experiment is way below the hard 

scattering picture


