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All you want to know 
about proton 

structure
… but are afraid to 

ask
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sea
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Determination of parton densities

Electroweak

Perturbative 
QCD

PDFs 
at Q0

● Fix pQCD © PDFs
! Test Electroweak 

● Fix Electroweak
! Test pQCD © PDFs

● Fix Electroweak & pQCD
 ! Determine PDFs

Discussed in this talk
● Use experimental dataUse experimental data
● Perform global QCD fitPerform global QCD fit

● Determin PDFsDetermin PDFsFactorisationFactorisation
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Data for parton distributions: preLHC
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Now we go from predicting LHC measurements to 
using them for constraining parton distributions
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HERA data onlyHERA data only

Start including LHC dataStart including LHC data
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This data (exclusively!) used as input to global QCD fit HERAPDF2.0 (prel.)

● NEW combined NC and CC cross sections - fantastic precision of data
● QCD and EW effects beautifully seen

Inclusive measurements from HERA are core of every Inclusive measurements from HERA are core of every 
parton density extractionparton density extraction
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35th anniversary of GLUON

● PETRA, 1979
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ATL-PHYS-PUB-2013-018

Life starts after 35
● Gluon PDF at large x → significant uncertainties for LHC important processes 
● Gluons from different PDF groups differ outside PDF uncertainties

Gluon needs to be better constraint

● (In)direct constrains
● scaling violation, collider jet data, prompt photon data, total ttbar cross sections
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● H1 performed direct extraction of gluon density from FL 
measurement @NLO

Gluon approximated from FL agrees with gluon determined from scaling violations

Gluon meets FL 

● Direct extraction of gluon 
density from FL using 
approximation 
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● Directly sensitive to large-x gluon PDF
● Recently computed in full NNLO QCD

● For running and pole top mass
● X-section predictions from ABM and 

JR

Gluon meets top quarkGluon meets top quark

● ABM12 added combined tt cross 
sections from LHC and Tevatron to 
test impact on 

● gluon PDF

● strong coupling aS

● value and scheme choice for mt
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Gluon meets prompt photons and jets

● Prompt g data help constrain gluon

ATL-PHYS-PUB-2013-018

NNLO calculations necessary to fully exploit PP and jet measurements

● Precise data - scale uncertainty dominant – for both kinds of measurements

● LHC jet data included directly in 
the framework of MSTW PDF 

● Good agreement between ATLAS 
and CMS data sets
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What DY can teach us?
● ABM12 included LHC Drell-Yan data 

from ATLAs, CMS and LHCb

● Improved determination of quark distribution at x ∼ 0.1
● Better constraint on d-quark

arXiv:1310.3059
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What can W asymmetry teach us?
arXiv:1312.6283v2

u valenceu valence d valenced valence

NLO QCD fit with 
HERAI data using 
HERAFitter 

Valence 
uncertainties
significantly 

improved
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Little is known about the strange quark 
distribution in the proton (1312.6283)(1312.6283)

Is light-quark sea symmetric as SU(3) suggests?

Is strangeness suppressed due to s-quarks large masses?
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xS(x;Q2) shape
● strikingly different from 

CTEQ6L and other global 
LO PDFs 

● strikingly different from 
sum of light antiquarks

● absence of strength above 
x ~ 0.1 discrepant with 
CTEQ6L

Distribution softer than that determined by other analysis

Strange sea @ LO from HERMES

● Inclusive data only have no sensitivity to strange see
● Direct measurements of strange particles can help constraining sea
● HERMES extracted strange PDF@LO using newest K+K- multiplicities

DESY-13-246
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Prince Charming helps strangers
arXiv:1402.6263v1

 Supports SU(3)-symmetric light-quark sea

arXiv:1312.6283v2

Agreement with NOMAD[Nucl.Phys. B876 (2013) 339]

● PDFs with different strange see assumptions
● W + charm measurements

● ATLAS results

● CMS results
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Yet another one
- please meet photon PDF

Precision of LHC data requires inclusion of higher order 
electroweak effects
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PDFsetQED

NNLONNLO

●

● Another approach to be implemented into HERAFitter and used for QED fits 
of LHC data: arXiv:1401.1133 (R. Sadykov)arXiv:1401.1133 (R. Sadykov)

●  Two existing photon PDF sets with QED corrections included 
● MRST2008QED
● new NNPDF2.3QED new NNPDF2.3QED arXiv:1308.0598arXiv:1308.0598

● Photon PDF determined by DIS and Drell-Yan LHC data
● Good agreement with MRST2004QED result for x > 0.3
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Summary
● Our knowledge of parton 

distributions in proton is growing

● More precise measurements 

require more precise PDFs

● We entered PDF-LHC era
● From predicting LHC results we 

use them in PDF determination

● Still long way to full and precise 

understanding proton What is mid/long- What is mid/long- 
term perspective?term perspective?

V. Radescu's DIS14 talk
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Experimental long-term perspective
MeasurementsMeasurements

● NomadNomad & ChorusChorus give strange sea

● LHCLHC datadata - so far rather limited impact 
on global PDFs 

● LHC data needed with highest precision
● Statistics generally not an issue
● Detailed data understanding crucial

● Comparison and understanding between 
ATLAS, CMS & LHCb needed

● W, Z rapidity data needed at <1%
● Understanding of systematics!

● Jets cross sections
● Jet energy scale!

● W+charm 
● Total uncertainty aimed at 3%

New machines/experimentsNew machines/experiments

LheCLheC
● better low-x, Q2 knowledge
● OK for all scales: low-x, Q2 knowledge 

improves high-x, Q2 knowledge

EIC – electron-ion colliderEIC – electron-ion collider
● all x and Q
● access to gluon and see quarks 

High luminosity LHCHigh luminosity LHC - problematic
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Theoretical long-term perspective
● Various opinions BUT one is very obvious for everybody
● NNLO calculations necessaryNNLO calculations necessary

● Existing for some processes: total ttbar cross section
● Missing for most of the others

● Precision of the data so high that NNLO calculations are crucial for 
reducing PDF uncertainties

● NNLO predictions for jets a long-standing issue

– Massive work right now for pp collisions 
– Maybe final results withing 2 years

● Open issues
● Heavy flavor scheme – GMVFNS & FFNS
● W+charm @ NNLO

● Higher-twist contributions to DIS F2/FL data
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Additional material
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NEW! ABM12  arXiv:1310.3059NEW! ABM12  arXiv:1310.3059

NEW! JR14NEW! JR14

NEW! NNPDF3.0NEW! NNPDF3.0

NEW! HERAPDF2.0 (prel.)NEW! HERAPDF2.0 (prel.)

see M. Ubiali talksee M. Ubiali talk

arXiv:1403.1852varXiv:1403.1852v

Update Update 
expected expected 

soonsoon

Constrains and impact on LHC resultsConstrains and impact on LHC results
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https://www.herafitter.orghttps://www.herafitter.org
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Inclusive measurements from HERA are 
core of every parton density extraction
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HERA combined inclusive cross sections

This data (exclusively!) used as input to global QCD fit HERAPDF2.0 (prel.)

● Combined NC and CC cross sections
● Fantastic precision of data

● QCD and EW effects beautifully seen
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Comparison with HERAI combination

Large gain in precision

NCeNCe++p: 3 times HERAI luminosityp: 3 times HERAI luminosity NCeNCe--p: 10 times HERAI luminosityp: 10 times HERAI luminosity

● Significant reduction of systematic uncertainties
● Significant increase of statistics
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New kinematic ranges explored
● Kinematic range extended for 

existing data samples
● Low energies added: CME = 225 

GeV and 251 GeV
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HERAPDF2.0 (prel.)
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HERAPDF2.0 (prel.) @ NLO

● NLO fit for Q2
min = 3.5 GeV2

χ2/dof = 1386/1130

● Additional fit performed 
with Q2

min = 10 GeV2

χ2/dof = 1156/1003

Situation somewhat improved

● Similar results for NNLOSimilar results for NNLO

Reasonable description of NC, CC and low energy data for NLO and NNLO
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HERAPDF2.0 (prel.) @ NNLO
● High-Q2 region well described for NCep and CCep and low energy data 

for NLO and NNLO
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HERAPDF1.5LO (prel.)
● Parton densities @LO are essential for proper simulation of parton showers and 

underlying event properties in LO+PS Monte Carlo event generators
● HERAPDF1.5 LO set based on HERAPDF1.5 NLO PDF settings
● Includes experimental uncertainties
● Available in LHAPDF library

For details see M. Cooper-Sarkar talk
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JR14 dynamical & standard
● New dynamical and standard JR14 PDFs
● Improved calculations

● nonperturbative higher-twist terms

● nuclear corrections,target mass corrections

● running mass in DIS charm & beauty 
production

● complete treatment of syst. uncertainties of 
data including experimental correlations

● More/updated data included
● HERAI inclusive & charm, H1 FL

● HERA jets (not for NNLO)

● BCDMS, JLab-E99118, SLAC-E140x 

● No Tevatron gauge bosons & LHC data 
included to get genuine predictions

D0D0
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NNPDF3.0

For details see M. Ubiali talk 

Slide from J. Rojo
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PDF determination @ HERMES

extract non-strange fragmentation

extract xS(x)extract xS(x)

● Strange contribution to sea cannot be constrain by inclusive data
● Direct measurements of strange particles can help constraining sea

● Strangeness tagging via kaons very promising
● Extract strange quark distribution @ LO using HERMES data (PL B666, 466 

(2008),)
● Newest K+K- multiplicities on                                                                          

deuteron used: PR D87, 074029 (2013)

 

● Assume S(x,Q2) �  0 at high x
● Strange fragmentation measured before     

               (PR D75,114010 (2007))

Strange seaStrange sea

nonstrange seanonstrange sea

  s(x) + s(x) s(x) + s(x) ��  --
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● Directly sensitive to large-x gluon PDF
● Recently computed in full NNLO QCD

● For running and pole top mass

Pole mass 171GeV2 Running mass 162GeV2

ABM12: top data INCLUDED in fit, mABM12: top data INCLUDED in fit, mtt FITTED FITTED

JR14: pole mass 173 GeVJR14: pole mass 173 GeV22  

TeVatron

Gluon meets top quarkGluon meets top quark

arXiv:1310.3059arXiv:1310.3059

arXiv:1403.1852varXiv:1403.1852v
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● ABM12 added combined tt cross 
sections from LHC and Tevatron to 
test impact on 

● gluon PDF

● strong coupling aS

● value and scheme choice for mt

ABM12 meets top quark

stability of ABM analysis
provided all correlations are accounted for

arXiv:1310.3059
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● LHC jet data included directly in the framework of MSTW PDF 
● highest precision inclusive jet cross sections from ATLAS and CMS

● Good agreement between ATLAS and CMS data sets
● Good agreement with reweighting method

Gluon meets LHC jets

For details see R. Thorne

arXiv:1311.5703
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Gluon meets prompt photons
● Prompt g data help constrain gluon ● Asses data sensitivity to PDF using 

HERAFitter platform

ATL-PHYS-PUB-2013-018

NNLO calculations necessary to fully
exploit this measurement

● At intermediate ET  - most precise 
data - scale uncertainty dominant



  

                       K. Kl im
ek , 2 3 .0 5. 14 , P ar to n de n sit ie s

    

 

44

What can jets teach us?

● MSTW2008 fit with CMS 

jet data
● Clear indication of fit 

sensitivity to jet data

arXiv:1311.5703
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Prince Charming helps strangers
arXiv:1402.6263v1

● PDFs with different strange see assumptions

● Differential W and Z cross sections at LHC
● constraints on strange sea at  Q2 ~ M2

Z/W
 

● ATLAS-epWZ12 PDF based on ATLAS W 
and Z cross-section + HERAI data

● W + charm measurements

 SU(3)-symmetric light-quark sea 
hypothesis supported

For details see G. Aad talk
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Prince Charming helps strangers
arXiv:1312.6283v2

Good agreement with NOMAD [Nucl.Phys. B876 (2013) 339, κs =0.59 ± 0.019]

NLO QCD fit 
with HERAI data
And CMS AW

using HERAFitter 
framework

For details see R. Placakyte 
and A. Khukhunaishvili talks
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