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Meson-induced Quarkonium Production

• Why is it interesting?
– Compared to proton, very little is known about 

partonic contents of pion and kaon
– Mass decomposition for pion and kaon?
– Gluon content in meson via J/Ψ production?
– Exclusive production of J/Ψ with pion beam 

near threshold? 
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Meson partonic content from the 
Drell-Yan Process
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Exp P (GeV) targets Number of D-Y events

WA11 175 Be 500 (semi-exclusive)

WA39 40 W (H2) 3839 (all beam, M > 2 GeV)

NA3 150, 200, 280 Pt (H2) 21600, 4970, 20000 (535, 121, 741)

NA10 140, 194, 286 W (D2) ~84400, ~150000, ~45900 (3200, --, 
7800)

E331/E444 225 C, Cu, W 500

E326 225 W

E615 80, 252 W 4060, ~50000

Experiments at CERN and Fermilab

 Relatively pure  beam; J/ production also measured
 Relatively large cross section due to  contents in ud
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For a very long time, only four pion parton 
distribution functions were available 

• First: OW-P (PRD 30, 943 (1984))
– LO QCD
– Drell-Yan data from  E537 and NA3

• Second: ABFKW-P (PL 233, 517 (1989))
– NLO QCD
– Direct photon data from WA70 and NA24
– Sea-quark distribution from NA3 Drell-Yan
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For a very long time, only four pion parton 
distribution functions were available 

• Third: GRV-P (Z. Phys. C53, 651 (1992))
– Only valence and valence-like gluon at initial 

scale. Sea is entirely from QCD evolution
– Valence distribution from fit to direct photon data

• Fourth: SMRS (PR D45, 2349 (1992))

– NA10 and E615 D-Y data
– WA70 direct photon data

 Need new global fits to all existing data
 Need new experimental data with pion and kaon beams 
•
•
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PRL 121, 152001 (2018)

• Drell-Yan data from NA10 and E615
• Leading-neutron tagged DIS from HERA (H1 

and ZEUS) provides information on the pion 
PDFs at small x

• Uncertainties of the pion PDFs are determined

JAM Collaboration



Implications of the JAM results
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PRL 121, 152001 (2018)

 The tagged-DIS data significantly reduce the uncertainty of the pion PDFs
 Further measurements of tagged-DIS can be pursued at JLab and EIC
•
•
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• Drell-Yan data from NA10 and E615
• Direct photon production data from WA70
• Uncertainties of the pion PDFs are determined
• Valence distribution is well determined, but not 

the sea and gluon distributions
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 The statistical model describes 
   proton's PDF very well
 The antiquark's flavor structure is

   related to quark's flavor structure
 The antiquark's spin structure is

   related to quark's spin stru

•

•

•
cture

  It is not clear if the statistical model
    also works for meson's PDFs
•



With only a few parameters for 
the pion PDFs, the Drell-Yan 
data are well described by the 
statistical model

11



Comparison with other Drell-Yan data
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The statistical model 
can also describe well 
the σ(π++Pt) / σ(π-+Pt)  
Drell-Yan data, which 
were not included in 
the fit. 



Comparison between proton and pion 
PDFs in the statistical model
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 The temperature, 0.106,  found for pion is very close to that
   obtained for proton, 0.090,  sugg
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l potential of the valence quark for pion, 0.756,  
   is significantly larger than for proton, 0.39
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Valence and gluon distributions for various pion PDFs

• Quite good 
agreements for 
valence quark 
PDFs

• Much larger 
variations for 
the gluon PDFs
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Valence

Gluon



Constraining gluon distribution of pion 
with pion-induced J/Ψ production

• An attempt to compare existing pion PDFs in their abilities 
to describe existing pion-induced J/Ψ production data

• The existing data are sensitive to the gluon PDF in pion, 
which is poorly known and is of much theoretical interest   
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Chang, Platchkov, Sawada, JCP, PRD 102 (2020) 054024



Comparison between data and calculations for 
different PDFs
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Comparison between data and calculations for 
different PDFs
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COMPASS++/AMBER (Phase-I was just approved)

• Expect new Drell-Yan and J/Ψ production 
data with pion beam in the near future !
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• Exclusive Drell-Yan with meson and 
antiproton beams are the time-like 
processes complementary to the deeply 
virtual meson production at JLab, 
HERMES and COMPASS

• Exclusive Drell-Yan with meson beam at 
J-PARC will also complement the 
program at FAIR using antiproton beam   
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Exclusive Drell-Yan and J/Ψ production with pion beam

Takahiro Sawada, Wen-Chen Chang, Shunzo Kumano, Jen-Chieh Peng, 
Shinya Sawada, Kazuhiro Tanaka, Phys. Rev. D93 (2016) 114034



DEMP versus exclusive Drell-Yan 
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2 0q < 2 0q >

* 'N Nγ π+ → + * 'N Nπ γ+ → +

space-like photon time-like photon

Deep Exclusive Meson Production Exclusive Drell-Yan

Longitudinally polarized dilepton is expected



Evidence for longitudinally polarized dilepton 
in meson-induced Drell-Yan at large x? 
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2(1 cos )

1: transversely polarized
1:  longitudinally polarized
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As 1, inclusive Drell-Yan becomes exclusive Drell-Yan!xπ →

80 GeV 
PRL 55 (1985) 2649

W Xπ µ µ π− − + −+ → + +



Evidence for longitudinally polarized dilepton 
in meson-induced J/Ψ at large xF? 
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2(1 cos )

1: transversely polarized
1:  longitudinally polarized
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As 1, inclusive J/  becomes exclusive J/ !Fx → Ψ Ψ

/ 252 GeV 
PRL 58 (1987) 2523

W J Xπ π− −+ → Ψ +



J-PARC High-momentum Beam Line
(can also provide secondary pion or kaon beam)

•23
30 GeV proton
(~1010 – 1012pps)

S. Sawada, Pacific Spin 2019

https://indico2.riken.jp/event/3039/contributions/13199/attachments/8762/11083/Aug29-Sawada.pdf


Top View

(0.2m) (2.3 m)

(2.4x1.8 m2)
(3.5x2.5 m2)

Muon-ID Wall

Original Configuration
for Charmed Baryon Spectroscopy

Extension part

Stage-1 approved by J-PARC PAC-18, August 12, 2014.
Proposal is currently 
being prepared.

Exclusive Drell-Yan and J/Ψ measurement
in J-PARC E50 Spectrometer

•24



Summary and future prospect 
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 Existing data should be included in the global fits for constraining 
      the gluon distribution in pion and kaon
   Analysis is underway to find possibly different gluon dist

k 
and gluon contents

  ∗

∗

 Exclusive / production with meson beam could provide information
   complementary to exclusive photo - /  production

ributions 
in kaon and pion
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