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• Method of calculation
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Factorisation in LO

• quarkonium vertex:

• Factorised amplitude



Factorisation in LO

• gluonic GPDs in the leading twist 2

• in the axial gauge

z = λn−
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• Results in LO
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• Results in LO



Hard-scattering amplitudes at NLO

• Method of calculation: unitarity and dispersion relations

s̃ = x1s ζ = M2

W2

s̃ ↔ ũ ⇒ y ↔ −(1 + y)



Hard-scattering amplitudes at NLO: Quark CF

• unsubstracted dispersion relation



Hard-scattering amplitudes at NLO: Quark CF

• non-polarised quark GPDs
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Hard-scattering amplitudes at NLO: Gluon CF

• substracted dispersion relation

• three s-channel cuts: Q̄ − Q, Q̄ − g, Q − g



Hard-scattering amplitudes at NLO: Gluon CF

• Q̄ Q cut



Hard-scattering amplitudes at NLO: Gluon CF

• Q̄ g cut



Hard-scattering amplitudes at NLO: Gluon CF

• Q̄ g cut cntd



Hard-scattering amplitudes at NLO: Gluon CF

• substracted dispersion relation

• three s-channel cuts: Q̄ − Q, Q̄ − g, Q − g

• determination of the subtraction constant A(1)
g (0):

Low theorem from QED applied to QCD for soft gluon with x2 → 0

• renormalization



Hard-scattering amplitudes at NLO: Gluon CF











Results: Quark NLO CF

y = x1s−M2

M2 = x2
ζ

= x−ξ
2ξ

ζ = M2

W2



Results: Gluon NLO CF

c1 = CF c2 = CF − CA
2

= − 1
2Nc



Confrontation with data and phenomenology







J/Ψ production
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Conclusions

• NLO calculations permit to check correctness of the all-order-proof of QCD
factorisation

• NLO corrections are very important for quarkonia photoproduction

• High energy resummation needed for quarkonia photoproduction


