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INTRODUCTION
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Electron-Ion Collider

© BNL
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INTRODUCTION

NUCLEUS
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nPDFs at initial scale Q0
2=1.69 GeV2:

NNLO RESULTS – NUCLEAR PDFS

GLUONS

SEA QUARKS

UVALENCE QUARKS

3



Marina Walt, April 2019

nPDFs at initial scale Q0
2=1.69 GeV2:

NNLO RESULTS – NUCLEAR PDFS

GLUONS

SEA QUARKS

UVALENCE QUARKS

3



ANALYSIS PROCEDURE AT NNLO
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INPUTINPUT

 Experimental data
 Initial fit parmeters

xFitter modifications
required for nuclear PDF fit

NNLO

NNLO
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FREE PROTON PDFS VS. NUCLEAR PDFS

Nucleus:Free proton:

nucleus

1

[HERAPDF2.0: 
Eur.Phys.J. C75 (2015) no.12, 580]

[nCTEQ: PRD 93, 085037 (2016)]

PDFType=‚nucleus‘
(A=1, Z=1 for proton)



A-DEPENDENCE
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A dependent coefficients
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Used nuclear DIS data: neutral current DIS and charged current neutrino DIS data.
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FREE PROTON PDFS VS. NUCLEAR PDFS

Nucleus:Free proton:

 PDF of a free proton  PDF of a bound nucleon

PDF decomposition of a 
bound nucleon.
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PROTON NEUTRON

f A =  f p/A + ( ) f n/A

nucleus

f p(Q2, x)  
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FREE PROTON PDFS VS. NUCLEAR PDFS

Nucleus:Free proton:

 PDF of a free proton  PDF of a bound nucleon

f A =  f p/A + ( ) f n/A

If Z ≠  isoscalar corrections applied
by experiments become relevant.Flags for isoscalar corrections:

CInfo = ‚NMC‘, ‚EMC, ‚SLAC‘.

nucleus

f p(Q2, x)  
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ASSUMPTIONS

known unknown

well constrained by data

not constrained by data
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 16 free nuclear parameters

Number sum rule:

Momentum sum rule:
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Isospin symmetry:
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COMPARISON TO DIS DATA
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Ratios of crosssections or 
structure functions:

CInfo = ‚ratio‘ 



COMPARISON TO NEUTRINO DIS DATA
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Charged Current DIS 
processes included:

Reaction = ‚neutrino+p CC‘
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NPDFS SETS

DSSZ nCTEQ15 EPPS16 TuJu19

NLO NLO, NNLO 

Neutral current DIS 

Drell-Yan data

LHC data

Neutrino nucleus DIS 

MSTW2008 own proton fit

RA/p f*(x)

Open Source Toolset

f(x) RA/p

CTEQ14 CTEQ6 

[xFitter 2.0.0: PoS DIS2017 (2018) 203]
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Neutrino nucleus DIS Neutrino nucleus DIS 

nNNPDF1.0

NNPDF3.1 

NLO, NNLO 

f‘(x)

2D fitted as nucleus



NPDFS SETS
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NLO + NNLO RESULTS

nPDFs for proton bound in lead Pb(208):
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UVALENCE GLUONS SEA QUARKS



SUMMARY & OUTLOOK

Nov Apr Sep Jul Dec May Oct Mar Aug2017 2020
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Feb

TodayTuJu19

nPDF fit at NLO, NNLO 

Neutral current DIS 

Neutrino nucleus DIS 

own proton fit

f*(x, Q2, A)

Deuteron fitted as nucleus

Open Source Toolset



SUMMARY & OUTLOOK

Today

Nov Apr Sep Jul Dec May Oct Mar Aug

nPDF set 1 nPDF set 2

Nuclear PDF analysis - Deeply inelastic scattering

Nuclear PDF analysis - Drell-Yan process

Open Source xFitter Release

Inclusion of further RHIC and LHC data
(hadrons, jets, W and Z bosons, …)

2017

2018 2019

2020
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Feb

TuJu19

nPDF fit at NLO, NNLO 

Neutral current DIS 

Neutrino nucleus DIS 

own proton fit

f*(x, Q2, A)

Deuteron fitted as nucleus

Open Source Toolset

Proton PDF analysis NLO, NNLO

Presentation
xFitter modifications

xFitter modifications

OUTLOOKSUMMARY 
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DIS DATA
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CHORUS



NUCLEAR EFFECTS
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Ratios of crosssections or 
structure functions:

CInfo = ‚ratio‘ 
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NUCLEAR EFFECTS
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[Picture: Ilkka Helenius, Hannu Paukkunen]



ISOSCALAR CORRECTIONS
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:

:

:

[ arXiv:1612.05741v1]
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THE ANALYSIS PROCEDURE

PDFType=‚nucleus‘

(A=1, Z=1 for proton)

A dependent coefficients

PDF decomposition of a 
bound nucleon.
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Flags for isoscalar corrections:

CInfo = ‚NMC‘, ‚EMC, ‚SLAC‘.
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Ratios of crosssections or 
structure functions:

CInfo = ‚ratio‘ 

Charged Current DIS 
processes included:

Reaction = ‚neutrino+p CC‘



ANALYSIS PROCEDURE AT NNLO
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[NNLO:
Nucl. Phys. B 688.1-2 (2004), 101-134,
Nucl. Phys. B 691.1-2 (2004), 129-181]

DGLAP equations
by Dokshitzer, Gribov, Lipatov, Altarelli, Parisi,

NNLO



ANALYSIS PROCEDURE AT NNLO
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NNLO

Cross sections for neutral- & charged-current DIS

[NNLO F2:
Nucl. Phys. B 890 (2015), 48-151]



Χ2/# DTPS
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PROTON PDFS NLO

Marina Walt, April 2019



PROTON PDFS NNLO
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