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Production at Large pT

▸ Large pT  (pT >>mH) cross section of a hadron H is given in QCD factorization by 
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Fragmentation Production at Large pT

▸ Leading-power fragmentation  
 
 

▸ Compute parton cross sections in perturbative QCD  
 
 

▸ Determine fragmentation functions by perturbatively matching to NRQCD
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Parton cross section

Fragmentation function

in collinear factorization

Available through NLO in 𝜶s

Analytically available through order 𝜶s2,  
order 𝜶s3 numerically available for some channels
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NLP Corrections
▸ If needed, compute power-suppressed NLP corrections by either  

matching to fixed-order calculations,  
 
 
 
or compute NLP fragmentation contributions
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Matching Fragmentation and Fixed-order Calculations

▸ Comparison of LP fragmentation and NLO fixed-order calculation 

▸ Difference between LP and NLO gives the power-suppressed corrections
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Resummation of DGLAP Logarithms
▸ Logarithms of pT/m can be resummed by implementing DGLAP evolution.  

▸ DGLAP evolution for fragmentation available through NLL accuracy 

▸ NRQCD results for fragmentation functions singular at z=1, requires care.  
Numerical procedure for distributions singular at z=1:
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C. DGLAP equation

At leading order in αs, the DGLAP equation is given by [26–29]
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where Dg = Dg→QQ̄(n), DS =
∑

f [Dqf→QQ̄(n) + Dq̄f→QQ̄(n)], f is the light-quark or light-

antiquark flavor, the Pij are the splitting functions for the FFs, and nf is the number of

active light-quark flavors. The symbol ⊗ represents the convolution
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where

CA = Nc, (9a)
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and Nc = 3 is the number of colors.

As is well known, an analytic solution to Eq. (6) can be obtained in Mellin space. The

Mellin transform of a function f is defined by

f̃(N) = (Mf)(N) =

∫ 1

0

dz zN−1f(z), (10)

where we use a tilde (˜) to denote objects in Mellin space. The Mellin transform of the

convolution in Eq. (6) is an ordinary product:

[M(f ⊗ g)](N) = (Mf)(N)× (Mg)(N). (11)
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Resummation of DGLAP Logarithms
▸ Modification of pT-shape by evolution from µ0=3 GeV to µ=pT :  

Resummation modifies the shape differently for each channel.  
 

▸ When µ is not too large, numerical results agree well with perturbative calculation of 
DGLAP evolution to order αs log(µ/µ0)
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Quarkonium Production in LP Fragmentation

▸ To obtain            , 

▸ Compute NLO parton cross sections 

▸ Compute DGLAP evolution of fragmentation functions (LL, NLL) 

▸ Fortran and Mathematica versions 

▸ PDFs can be swapped 

▸ To change initial state, swap parton cross sections  
e.g. use photoproduction parton cross sections  
to compute photoproduction
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Computing time on a laptop:


