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  Outline  

  Quarkonium production

  Double parton scattering

  Di-J/ψ SPS and DPS photoproduction at EIC
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  DPS and the LHC data 

• DPS is the simplest explanation for the gap between SPS prediction and the data at 
large ∆y and ���
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  DPS and the LHC data 

• DPS is the simplest explanation for the gap between SPS prediction and the data at 
large ∆y and ���

• Same observation with the ATLAS data
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• However, differential cross section of DPS could be of the same 
              order as that of SPS
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 Pocket Formula
• Phenomenologically, pocket formula is a tool for DPS cross section

cross section of single ψ 

Effectize size of parton-parton interaction
and encodes the correlations among them

• D0

• CMS

• ATLAS

Do coll.  Phys.Rev.D 90 (2014) 11, 111101

JP Lansberg, H.-S.Shao PLB 751 (2015) 479, CMS coll. JHEP 09 (2014) 094 

ATLAS coll.  EPJC (2017) 77:76

���� = 4.8 ± 2.5 mb

���� = 8.2 ± 2.0 ± 2.9 mb

���� = 6.3 ± 1.6 ± 1.0 mb



  DPS in Photoproduction(HERA)

• 3, 4-jet photoproduction cross sections are better described when MPI are included

S. Chekanov et al., Nucl.Phys.B 792 (2008) 1-47

(Indication of Double Parton Scattering even in photoproduction) 
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�/��∗

�

 Di-�/� photoproduction

�⊥

�/�
�

We consider the possibility of resolved photon to estimate the DPS cross section 
                   in quarkonium-pair photoproduction at the EIC 

Ilustration of DPS for � + � → �/� + �/� + �

�
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  SPS vs DPS γp cross sections
SPS cross section

(Unresolved/direct)
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  SPS vs DPS γp cross sections
SPS cross section

Photon PDF Proton PDF Partonic cross section

DPS cross section

Single �/� SPS resolved (namely same partonic cross section as hadroproduction)

(Resolved)

(Unresolved/direct)
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• We expect at least 600 four-muon events with 100 fb-1 luminosity

• GRV photon PDF is used PRD 46, 1973 (1992) , while CT18NLO PDF for proton  T.J. Hou et al., PRD 103, 014013 (2021)

• HELAC-Onia latest version is used for generating matrix elements  HS Shao, CPC 184, 2562 (2013),  198, 238 (2016)

• CO LDMEs are taken from  M. Butenschoen and B. A. Kniehl, PRD 84, 051501 (2011) 
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  ∆y and ���at EIC

LDME set (HU): M. Butenschoen and B. A. Kniehl, PRD 84, 051501 (2011)
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   z distribution

LDME set (HU): M. Butenschoen and B. A. Kniehl, PRD 84, 051501 (2011)
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   z distribution

• For  z < 0.1 resolved SPS dominates over unresolved/direct
• Unique opportunity to study the photon structure 
• At larger z one can test quarkonium production mechanism via direct photoproduction
•  Resolved case: gluon channel dominates in the low z region, and quark channel at high z
• CS and CO states are considered: CO states contribution is only significant (for some 

LDMEs) in unresolved but not in the resolved case

LDME set (HU): M. Butenschoen and B. A. Kniehl, PRD 84, 051501 (2011)
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 DPS total cross section is small compared to the SPS but could be measured if 
���� small

 Differential spectra in |∆y(�, �)| and ��� are useful to separate DPS and SPS 

 Quarkonium production is a rich channel to probe the parton correlations through DPS

 We have estimated SPS and DPS cross sections for quarkonium-pair photoproduction at 
the EIC using the NRQCD framework

        Summary  

Thank you for the attention

 Quarkonium-pair photoproduction is a promising channel to probe the gluonic content 
of the photon structure

 Differential spectrum in z is useful to separate resolved and unresolved 

 Bulk of the yield at low z where resolved SPS is dominant
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 Backup slides
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 Effective X-section
JP Lansberg’s slide MPI 19 

Process dependent?
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 z-spectrum (Resolved)
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 z-spectrum (glu-quark)
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 Pocket formula details
How to build up the photon dPDFs from the PDF?

Gluck et al, PRD 46, 1973 (1992) 

0.91If we assume that evolved dPDFs can be written as product of PDFs:

Normalization
constant Effective form factor

Then by using sum rules:
J. R. Gaunt et al, JHEP 03, 005 (2010) 

M. Rinaldi and F. A. Ceccopieri, PRD 97 (2018) 7, 071501

Therefore, from our ansatz we get:

Thus the normalization constant is 

The new pocket formula would be:

Where the effective cross-section keeps the

 usual geometrical interpretation, i.e.:


