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Motivation

Nowadays, NRQCD becomes an important 
approach to tackle various quarkonium 
production and decay processes.

Lots of Calculations @LO & @NLO.

How about the status @NNLO?
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Motivation
Status @NNLO
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Motivation:
S-wave Production: °°¤ ! ´c
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Motivation:
P-wave Decay: Âc0;2 ! °°
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Basic Procedures:
1. Feynman Diagrams & Amplitudes

2. Color- & Spin-Traces

² FeynArts - Mathematica Package

http://www.feynarts.de

² QGRAF - Fortran Program

http://c¯f.ist.utl.pt/~paulo/qgraf.html

² FeynCalc - Mathematica Package

https://github.com/FeynCalc

² FeynCalc/FormLink - Mathematica Package

https://github.com/FormLink
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Basic Procedures:
3. Partial Fragmentation & IBP Reduction

4. Master Integrals – Numerical Evaluation

² APart - Mathematica Package

https://github.com/F-Feng

² FIRE - Mathematica Program & C++version

http://science.sander.su

² FIESTA - Mathematica Package

http://science.sander.su

² CubPack - Fortran Code

http://nines.cs.kuleuven.be/software/CUBPACK/
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Feynman Diagrams:
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Form Factor

NRQCD Factorization

Form Factor Ratio
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Perturbative Expansion
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Result @LO

Result @NLO
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Numerical Result @
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Numerical Result @NNLO
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Confront the BaBar Data
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Confront the BaBar Data
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Determine                from the BESIII Data
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Summary & Outlook:
The NNLO NRQCD predictions to              

form factor and                        fail to explain 
the experimental data! 

Higher corrections needed, including N
3
LO 

QCD corrections and relativistic corrections 
to those processes.

Only exclusive processes considered, how 

about Inclusive Decay?
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Innovations:

 1st NNLO Calculation in S-wave Quarkonium
Production process.

 1st NNLO Calculation in P-wave Quarkonium 
Decay process.

 1st complete result for                          including 
Light-by-Light in very High Precision.
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Contributions:

Combine FORM and FeynCalc in FeynCalc / 
FormLink package.

Implement CubPack in FIESTA with Quadruple
Precision.

Key algorithm for Optimization in High 
Precision Computations using FIESTA & 
CubPack.
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Thanks for your attention!


