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Light hadron spectrum
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Mass Decomposition of
Proton and Pion from Lattice

Proton Pion
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FIG. 14. Normalized yield of momentum fractions (T}f’ of the proton (h = p, open) and pion

h = m, shaded), evaluated at the input scale, u?> = m2, for valence quarks (green), sea quarks
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(blue), and gluons (red). The proton PDFs used in calculating (x)? are taken from Ref. [21].



Experimental Approaches
of Accessing Pion Structure
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Pion PDFs (2021)
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Pion PDFs

Q2=9.6 Ge\?

— 045 - = | —~ 10 3
= —smrs 3§ —smrs 3§ X —SMRS 3
o 04 —GRV 4 8 —erv 1 —GRV ]

< 0.35 —xFitter 3 > —xFitter 1 — xFitter
03 —JAM 3 —Jam —JAM 3
0.25 3 I T
0.2 E E 10" -
0.15 3 i B ]
0.1 5 E 10°F E
0.05 3 1 - .

1 1 I 1 UL,

0 11 1 I L1 1 I L1 1 I 1_1 1 I L1 1

0 Illilllilllilllilll 0 ) "
0 02 04 06 08 1 0 02 04 06 08 1 0O 02 04 06 08 1

X X X

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




GRYV vs. JAM
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The hierarchy of <x> of valence quark and gluon are opposite in GRV anc
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Pion -induced J/psi Production
Fixed -target Experiments

Paper Reference Year Collab E sqrt(s) Beam Targets
(GeV) (GeV)

Fermilab
Branson PRL 23, 1331 1977  Princ-Chicago 225 20,5 m-,m+ p C, 5n
Anderson  PRL 42, 944 1979 E444 225 205 7, mi+ K+ p, ap C, Cu, W o E ﬁ
_ o Llaf e]/t,b cross sectionst— COMPASS 2015 NH, data
Abramowv Fermi 91-062-E 1991 E&72/E706 530 315 m- Be S L Comb. background
Kartik PRD 41, 1 1990 E672 530 315 - caLcuph o 100E N L Iy (MC)
Katsanevas PRL60,2121 1988 E537 125 153 -, ap Be, Cu, W g N V' (MC) ‘
Akerlof PR D48, 5067 1993 E537 125 153 r-,ap Be,cu, W o 107 = = Open-charm (MC)
O' F ==== Drell-Yan (MC)
Antoniazzi PRD 46,4828 1992 E705 300 23.7 -, m+ Li = 0 - =~ Total MC + Comb. background
~ > = S
Gribushin PR D53, 4723 1995 E672/E706 515 311 n- Be 2 1 E .
Koreshew ~ PRL77,4294 1996 E706/EG72 515 311 - Be g 5 F
o 107 ¢
o E Drell-Yan 1
CERI‘TJ _ E ‘g}gﬁe@% iﬁf
Abolins PLB 82, 145 1979 WAI11/Goliath 150 16.8 - Be 10 & . ﬁf 4
McEwen  PLB 121,198 1983 WAI11 190 18.9 n- Be E S
- PR I S ~ L \
Badier Z.Phys. C20, 101 1983 NA3 150 16.8 -, n+ K-, K+, p,ap H, Pt 4 6 3 10
" " 1983 NA3 200 194 7 n+ K-, K+, p,ap H, Pt )
" " 1983 NA3 280 229 m- m+ K-, K+ p,ap H, Pt COMPASS, PRL 119 (2017) 112002 M“u (GeV/c?)
Corden PLB 68, 96 1977 WA39 39.5 8.6 -, i+, K-, K+, p,ap Cu
Corden PLB 96, 411 1980 WA39 39.5 8.6 -+ K, K+, pap W
Corden PLB 98, 220 1981 WA39 39.5 8.6 -, i+, K-, K+, p,ap p
Corden PLB 110,415 1982 WA4D 395 86 1+ K, Kt pap pW
Alexandrov NPB 557, 3 1999 Beatrice 350 25.6 - 5i, C, W



LO & NLO Diagrams of aud

Production
LO
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Fig. 2. Diagrams for the gg and gg Born amplitudes.

NLO
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Fig. 8. Diagrams for the real corrections to the ¢g channels. Permutations of outgoing gluons and/or reversal
of fermion lines are always implied.
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Fig. 7. Diagrams for the gg channels. Reversal of fermion lines is always implied.



Model Dependence of
aadpair Hadronizing

AColor singlet model QCSI\/IQ)nIy pairs with matched
guantum number of theharmonium

AColor evr%)oration model (CEMall pairs with mass
less thanOO threshold. Onéhadronizationparameter

for eachcharnonium.

ANon-relativistic QCD model (NRQCR)I pairs of
different color and spin sates fragmenting with
different probabilitiesg long-distance matrix elements

(LDMES).

Parton emission o
from a proton (LD) Hadronization (LD)

@] CH)

e
perturbative
;%parton process (SD)




Color evaporation model (CEM)

Phys. Rev. D 102, 054024 (2Q20Xiv: 2006.06947
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