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I: Tools for nucleon and meson PDF fits
Nuclear Fits to Pion Fits
Analysis Tools (xFitter, Python, Mathematica)

II: Toward Global Analyses of meson structure 
Nucleon PDFs: CTEQ-TEA, CTEQ-JLab
Nuclear PDFs: nCTEQ (nuclear CTEQ)
Meson PDFs  in the AMBER/EIC era
New methodology 
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Part I: Tools for nucleon and meson PDF fits

… xFitter with nucleons & pions ...

https://www.xfitter.org/

xFitter Collaboration Meeting
February 2020, DESY

Special thanks to: Ivan Novikov, 
Alexander Glazov, Oleksandr Zenaiev
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xFitter release xfitter-2.0.1
Sample data files:

LHC: ATLAS, CMS, LHCb
Tevatron: CDF, D0
HERA: H1, ZEUS, Combined
Fixed Target: …
User Supplied: ...

www.xFitter.org

xFitter 2.0.1
Old Fashioned

Data: HERA, Tevatron, LHC, 
fixed target experiments

Processes: 
Inclusive  DIS, Jets, Drell-Yan, 
Diffraction, Top production 
W and Z production

HQ Schemes: MSTW, NNPDF, ABM, ACOT
Jets, W, Z: FastNLO, ApplGrid
Top: Hathor
Evolution: QCDNUM, APFEL, k

T
 

Other: NNPDF reweighting
TMDs, Dipole Model, ...

Parton Distribution 
Functions:

PDF, Updf, TMD
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Theoretical 
Cross Sections

Comparisons 
to other PDFs 

(LHAPDF)

Experimental Data

Theory Calculations
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Features & Recent Updates:
Photon PDF & QED 
Pole & MS-bar masses
Profiling and Re-Weighting

Heavy Quark Variable Treshold
Improvements in Â2 and correlations 
TMD   PDFs (uPDFs)
 … and many other

extensio
ns in

clude 

nuclear P
DFs
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xFitter Nuclear Fit
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Open-source QCD analysis of nuclear parton 
distribution functions at NLO and NNLO

Marina Walt, Ilkka Helenius, Werner Vogelsang
Tübingen U, Jyvaskyla U (TUJU)

Phys. Rev. D 100, 096015 (2019)

xFitter Nuclear PDFs 5



xFitter Pion Fit
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e-Print: 2002.02902 [hep-ph]

xFitter Meson PDFs

xFitter: open-source framework for global fits to meson PDFs

https://www.xfitter.org/
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Special thanks to: Ivan Novikov, 
Alexander Glazov, Oleksandr Zenaiev
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Pions (π--) on Tungsten

E615   E
π
 = 252 GeV 

NA10  E
π
 = 194 GeV & 286 GeV 

Pion Data:

π
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π

N

γ

Pions (π±) on Proton

WA70  π+   π-   
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NLO computation with MCFM / APPLGRID 
  • theory errors from ®

S
, and nPDF uncert

  •  uncertainties include scale variations.
     • for factorization scale variation 
       modify APPLGRID for two PDFs



Special thanks to: Ivan Novikov, 
Alexander Glazov, Oleksandr Zenaiev

xFitter Pion PDFs 9



xFitter Pion PDFs

Pion PDFs at Q=2 GeV

Valence vs Q

Scale dependence
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The Tools

xFitter-draw
Python Jupyter

Mathematica: ManeParse
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xFitter Tools: xfitter-draw
xfitter-process

Data vs. Theory

PDF Plots

Chi2 
Tables
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Python 
Jupyter

Notebook
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Python Jupyter Notebook

Momentum 
Fractions

Momentum Fractions vs. Q

Strange PDF
impact of LHC W/Z
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Mathematica

ManeParse
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Pion PDFs

Mathematica: ManeParse

v(x) vs Q

http://www.ncteq.org
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F
123

 Structure Functions 

https://jeffersonlab.github.io/txgrids/_build/html/grids.html

Mathematica: ManeParse
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Conclusion
18



  F. Olness                                                        

New Theoretical Tools for Global Meson PDFs 19

Pion PDFs xFitter-draw toolsNuclear PDFs

LHAPDF Structure 
Function Grids

Python Jupyter
LHAPDF to Mathematica

ManeParse
… join the effort
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