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Leading-power 
approximation  

and  
NRQCD



Nonrelativistic QCD (NRQCD) 
factorization

• NRQCD factorization formula for a quarkonium  H  
production is given by  
short-distance coefficient (SDC, perturbative, als)

long-distance matrix element (LDME, nonperturbative, v)

• 3s18, 3pJ8, 1s08,  and3s11 channels contribute  
to J/psi production through order v^4



Leading-power (LP) factorization
• The leading contribution in 1/pt  can be factorized into  

a product of parton production cross sections and  
fragmentation functions: 

where,
: single parton ii production cross section
: single parton fragmentation function
: light-cone momentum of parent parton ii
: light-cone momentum of parent parton ii
: factorization scale

nonperturbative



Leading-power (LP) factorization  
and NRQCD

• If we apply LP factorization to NRQCD factorization,  then we get 

perturbative
• At large p_, the LP contribution becomes dominant  

Therefore, we can estimate the large p_ behavior 
by making use of LP factorization.

• By evaluating LP contributions, we estimated the NNLO  
contributions in as to the J/psi production at the LHC and  
the Tevatron, which gives the dramatic change in  
the dominant channel to J/psi production. 
(Prof. Jungil Lee’s talk)  



Motivation



• Details were presented in Prof. Jungil Lee’s talk

PRL 113, 022001 (2014)

Fragmentation contribution to  
J/psi production

• Applying the LP factorization to NRQCD enables 
us to estimate the amount of NNLO contribution 
to J/psi production in lps at large p_tJ/ pT↵s

J/ 



Missing parts in LP approximation
• The following red-colored parts are missing
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Result



Collins-Soper definition of  
the quark fragmentation function
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Initial quark field

gauge link

Projector

• Following the Collins-Soper definition, we evaluated 
fragmentation functions in the Feynman gauge



What we consider
1. Color-octet, different-flavor case: 

the fragmenting quark is not the same with 
the constituent of the quarkonium

2. Color-singlet

3. Color-octet, same-flavor case  
the fragmenting quark is the same with 
the constituent of the quarkonium
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Color-octet, different-flavor case
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confirms the previous results in PRD53, 1185 (1996)  
and PRD89, 094029 (2014)
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disagrees with the result of H. Zhang in his thesis  
He confirms that our result is correct NEW
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Color-singlet case
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confirms the previous results in PRD48, 4230 (1993)  
and PRD89, 094029 (2014)
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agrees with the result of H. Zhang in his thesis
NEW



Color-octet, same flavor case 
(previous result)
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In PRD50, 5664 (1994),
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The author evaluated the result from the color-
singlet result by changing the color factor only



Color-octet, same flavor case
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The author neglected the following diagrams:



Color-octet, same flavor case

17 NEW

confirms the previous result in PRD89, 094029 (2014)

agrees with the result of H. Zhang in his thesis



Conclusion
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• We evaluated spin-triplet S-wave quark fragmentation 
functions for the cases in which the color-octet 
different flavor, the color-octet same flavor, and the 
color-singlet and their polarized results. 

• The new results are useful to analyze the promptJ/ 
production and polarization. 

J/ 



Thank you



Backups



Dokshitzer–Gribov–Lipatov–Altarelli–Parisi  
(DGLAP) equation

• Leading-log (LL) terms can be summed over all 
orders in alp by solving DGLAP equation. 

• LO DGLAP evolution equation is given by
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where,
: splitting function

: active quark flavor



Polarization parameter
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NRQCD LDMEs
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Charmonium spectroscopy


