
Impact studies of the gluon PDF using exclusive J/ψ photoproduction data in xFitter

This project is supported by the European Union's Horizon 2020 research and innovation programme under Grant agreement no. 824093

Université Paris-Saclay

CNRS, IJCLab,

 Orsay, France

Chris A. Flett


18/07/24



Exclusive quarkonium production

1



Exclusive quarkonium production

1



Exclusive quarkonium production

1

Q: Can we use the exclusive J/psi photoproduction data from LHC in such collision systems to 
constrain the low x and low scale gluon PDF?



eA vs. hadron-hadron
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Probe of nucleon gluon PDF

Probe of nucleon gluon PDF

Sensitive to GPD not PDF! but can relate PDF & GPD at low x reliably via the so-called 
Shuvaev transform CAF, Jones, Martin, Ryskin, Teubner 1908.08398 & 2006.13857

• In pPb, survival factor close to unity and there is less modelling 
dependence in (1) as compared to pp  

• There will be data from EIC in eA where such modelling does not play a 
role but then the energy range is limited. 


• In pp/pPb at the LHC we can access larger W, in pPb we can push the 
precision of (2), i.e. that of low x and low scale exclusive quarkonium data 
as constraints on the gluon PDF

UPC -> large W photoproduction  -> constraints on gluon PDF
(1) (2)
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-For pp, have more lumi. but more pileup than pPb

-For pp, have W+/W- ambiguity, very 
much less so for pPb

-For pp, more model dependence in survival 
factor/photon flux combination 

-For pp, more contamination from Odderon-
pomeron due to relatively smaller impact 
parameter



Probe of nucleon gluon PDF
Probe of nucleon gluon PDF

Framework: NLO collinear factorisation (CF) with Shuvaev 

NLO CF 
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Probe of nucleon gluon PDF
Probe of nucleon gluon PDF

Framework: NLO collinear factorisation (CF) with Shuvaev + scale-fixing + Q0 subtr. 1908.08398 & 2006.13857 

NLO CF 
NLO CF + scale-fix. + Q0 subtr. 
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Probe of nucleon gluon PDF
Probe of nucleon gluon PDF

Framework: NLO collinear factorisation (CF) with High-energy factorisation + GPD evolution 

See CAF, Lansberg, Nabeebaccus, Nefedov, Sznajder, Wagner, to appear
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Probe of nucleon gluon PDF
Probe of nucleon gluon PDF

pp@LHCb excl. J/psi UPCs currently 
probes down to x~3x10-6

...unconstrained domain in PDF fits!

Standalone fits + reweighting studies using pp 
data, but not yet considered in a larger fitting 
framework......

Framework: NLO collinear factorisation (CF) with Shuvaev. + scale-fixing + Q0 subtr. 1908.08398 & 2006.13857 
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xFitter implementation 

Public PDF fitting tool to perform a variety of tasks: 

as extraction, PDF reweightings, fits...  


• QCDNUM/APFEL for QCD evolution 

• MINUIT/CERES for minimisation in various mutually consistent approaches

• interfaces to independent codes 

• various output formats (e.g. LHAPDF6,..)  

• Default config. based on set-up of HERAPDF2.0

• Incorporate new 'JPSI' reaction via xFitter's ReactionTheory class 
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...to perform various PDF profiling and fitting studies using the exclusive J/psi production data

1410.4412



(i) PDF profiling: 
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(ii) Fitting: approach 1: gluon pseudodata

• Generate effective gluon PDF pseudodata from experimental data:
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(ii) Fitting: approach 1: gluon pseudodata: Results

• Default xFitter set up supplemented with generated effective gluon PDF data

Pre
limi

nary

Pre
limi

nary
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(ii) Fitting: approach 2: cross section 

Can reduce computationally intensive Shuvaev transform routine to 
simpler 1D numerical integration at the the point x=xi: For given input gluon distribution, this gives the result of the 

full Shuvaev transform at the point x=xi

For (x-xi)>0.1(x+xi), this is already a 10% deviation from 
the full result

Example: further assuming pure-power behaviour of gluon PDF gives famous Rg formula commonly used 

Computing this on the fly a more tractable exercise than 

In progress...
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• Integration of theoretical framework into xFitter to perform fits using 
cross section and JPSI datasets from HERA and LHC



Summary

Exclusive quarkonium production studies 
in global analyses

Exclusive quarkonium photoproduction from LHC
Integration of NLO framework into xFitter to analyse exclusive heavy vector-meson data constraints in a global 

analysis for the first time

Proof of concept with first numerical insights 

13

Propagate what we learn from pp / pPb data on free gluon PDF to PbPb on nuclear gluon PDF

All such data will increase our understanding of the underlying theoretical mechanisms at play in these interactions and, 
importantly, lead to an improved understanding of the behaviour of the gluon distribution at small x. 



Summary

Exclusive quarkonium production studies 
in global analyses

Exclusive quarkonium photoproduction from LHC
Integration of NLO framework into xFitter to analyse exclusive heavy vector-meson data constraints in a global 

analysis for the first time

Proof of concept with first numerical insights 

13

Propagate what we learn from pp / pPb data on free gluon PDF to PbPb on nuclear gluon PDF

All such data will increase our understanding of the underlying theoretical mechanisms at play in these interactions and, 
importantly, lead to an improved understanding of the behaviour of the gluon distribution at small x. 

Thank you!



(ii) Fitting: approach 2: cross section
• Integration of theoretical framework into xFitter to perform fits using 

cross section and JPSI datasets from HERA and LHC
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(ii) Fitting: approach 2: cross section: 2D->1D simplification

Can reduce computationally intensive Shuvaev transform routine to 
simpler 1D numerical integration at the the point x=xi:

For given input gluon distribution, this gives the result of the 
full Shuvaev transform at the point x=xi

For (x-xi)>0.1(x+xi), this is already a 10% deviation from 
the full result

Example: further assuming pure-power behaviour of gluon PDF gives famous Rg formula commonly used 

Computing this on the fly a more tractable exercise than 

In progress...
















