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Light hadron spectrum
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Mass Decomposition of  
Proton and Pion from Lattice

Proton

PRL 121, 212001 (2018)

Pion

PRD 91, 074516 (2015)
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Experimental Approaches 
of  Accessing Pion Structure
ÅDrell-Yan: “ ὴO ‘‘ὢ(LO: sensitive to valence 

quarks)
ÅLO: ▲▲ᴼⱧⱧ
ÅNLO: ήήO ‘‘Ὃ, ήὋᴼ‘‘ή(large ὴ)
ÅNNLO: ήήὋᴼ‘‘Ὃ, ήὋO ‘‘ήὋ, ὋὋO ‘‘ήή

ÅDirect photon: “ ὴO ‎ὢ(LO: sensitive to gluons) 
ÅLO: ▲▲ᴼ♬╖, ▲╖O ♬▲

ÅJpsi: “ ὴO ὐȾ‪ὢ(LO: sensitive to gluons) 
ÅLO: ▲▲ᴼ╬╬O ╙Ⱦⱶ╧, ╖╖ᴼ╬╬O ╙Ⱦⱶ╧
ÅNLO: ήήO ὧӶὧὋᴼὐȾ‪ὢ, ὋὋO ὧӶὧὋᴼὐȾ‪ὢ, ήὋᴼὧӶὧήᴼ
ὐȾ‪ὢ

ÅLeading neutron (LN) electroproduction: 
Sullivan processes from ŀ ƴǳŎƭŜƻƴΩǎ Ǉƛƻƴ cloud
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Pion PDFs ( 2021)
PDF DY (xF, pT) Direct ♬ J/ⱶ LN Refs.

OW * * PRD1984

ABFKW * * PLB 1989

SMRS * * PRD 1992

GRV * * ZPC 1992

GRS * EPJC 1999

JAM18 * * PRL 2018

BS * NPA 2019
PLB 2021

xFitter * * PRD 2020

JAM21 * * 2103.02159
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Pion PDFs
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2 29.6 GeVQ =

Large discrepancy of valence quark and gluon densities at x>0.1 is seen



GRV vs. JAM

GRV JAM
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0.5

0.38

0.12

The hierarchy of <x> of valence quark and gluon are opposite in GRV and JAM.



Pion -induced J/psi Production
- Fixed -target Experiments
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LO & NLO Diagrams of  ὧӶὧ
Production
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Model Dependence of
ὧӶὧpair Hadronizing
ÅColor singlet model (CSM): only pairs with matched 

quantum number of the charmonium.
ÅColor evaporation model (CEM): all pairs with mass 

less than ὈὈthreshold. One hadronizationparameter 
for each charmonium.
ÅNon-relativistic QCD model (NRQCD): all pairs of 

different color and spin sates fragmenting with 
different probabilities ςlong-distance matrix elements 
(LDMEs).
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Color evaporation model (CEM)
Phys. Rev. D 102, 054024 (2020); arXiv: 2006.06947
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