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Summary
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(NIKHEF, UCL, University of Hamburg)



A full and exciting session: 

34 talks only in WG1, 

two joint sessions: 

WG1+WG5: 5 talks, 

 WG1+WG6: 5 talks. 

Many interesting subjects and lots of  interesting results. 

Apologies if  we have missed any topic in this report or if  
are not accurate in reporting your results.

Disclaimer 



Global and non-global 
fits



S. Alekhin

Nuclear data helps constraining u/d …

…importance of being able to 
account for nuclear corrections

… more on strangeness later

ABMP16 set at NLO released 

Collinear proton PDF 
News from ABMP



Collinear proton PDF 
News from CTEQ-TEA

T.J. Hou

CT, MMHT and NNPDF are getting closer!

A long list of new data sets …



R. ThorneCollinear proton PDF 
News from MMHT

Impact of the ATLAS and CMS 7 TeV jet data …
… NNLO corrections seem to 
help to fitt this data
But results depend on the jet
radius and scale

CMS and ATLAS pull the large-x gluon in opposite directions… but ATLAS wins!
Some tension al large x also with Tevatron data.

Jet data allows for a 
determination of αs



Collinear proton PDF 
News from NNPDF

N. Hartland

New determination of αs taking 
into account PDF/αs correlation

Preliminary work on the 
inclusion of theory unc. in PDF fits

Trying to include theory unc. in the 
covariance matrix in a sensible way.Towards NNPDF4.0…

Also DIS jet data is being considered
More methodological 
improvements …



Collinear proton PDF 
Low-x resummation in QCD analysis of  HERA data

S. Glazov

Significantly better description originating from the low-x, low-Q and high-y region

Increase of the gluon PDF at low x and Q

Better agreement of FL with the H1 data



Employs the well-established LUXqed approach with but …

The photon content of  the proton 
The NNPDF determination R. Nathvani 

Similar to other determinations with few perc. unc.
Also neutron PDFs made available

Contribution of the incoherent 
part dominant at large x.



The photon content of  the proton 
The NNPDF determination N. Hartland 
Also employs the LUXqed approach in its original formulation through an 
iterative procedure.

Smaller low-x unc. w.r.t. the LUXqed sets due to starting 
PDF set (NNPDF3.1 vs. PDF4LHC).
Very little impact on the other PDFs

Phenomenological study of many processes sensitive to the 
photon PDF.



Nuclear PDFs 
Nuclear shadowing and LHC heavy-flavour data

A. Kusina 

LHC heavy-flavour data considered:

Data-driven method to compute predictions 
validated against FONLL and GMVFNS.
Included in the nCTEQ15 and EPPS16 sets via 
reweighting.
Dramatic reduction of the uncertainties.

D0 data J/ψ data



Nuclear PDFs 
PDF flavour determination and nCTEQ++

F. Olness 

A complete rewrite of the nCTEQ FORTRAN fitting code in C++
Changed the code to allow for modules when building a PDF

Use the new code to include LHC W/Z data in nCTEQ

Normalisation allows for a 
better description of the dataThe LHC data seems to prefer a large strange PDF



Nuclear PDFs 
Impact of  CMS 5.02 TeV dijet measurements on gluon PDF

P. Paakkinen 

pp collisions pPb collisions

Include this (preliminary) CMS data in CT14 and EPPS16 PDFs via reweighting

Further evidence of anti-shadowing

These datasets appear to be very hard to describe
Possible underestimate of the uncertainties (read from the plots)

Softer large-x gluon



Collinear transversity PDFs 
The first global analysis of  SIDIS and pp data M. Radici 

Determination of the tensor 
charge of charge of the proton



TMD PDFs and FFs 
The first global analysis of  SIDIS, DY and Z data

F. Delcarro 

Analysis of low-pT region at LO-NLL

PDFs FFs

Mean trans. momentum as a function of x (PDFs) and z (FFs)



PDFs from parton branching 
A.Bermudez Martinez

Application to DY qT spectrum Application to high pT dijets in pp



Universal fit 
Simultaneous determination of  PDFs and FFs

N. Sato

PDFs

FFs

PDFs & FFs
(Kaons)

Common framework to analyse data with the same theoretical assumptions

Proof that it is possible to fit simultaneously 
PDFs and FFs from DIS, SIDIS, and SIA data

Impact of the SIDIS Kaon data on the strange 

Difficulty in incorporating low-Q data.
Possible hint of onset of power corrections in 
SIDIS.



Charged-hadron FFs 
The impact of  Tevatron and LHC data

V. Bertone
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Before reweighting After reweighting

Use charged-hadron pT spectra from CMS, ALICE 
and CDF at different c.o.m. energies to constrain FFs

Strong impact on the gluon FFs: dramatic reduction 
of the unc. and strong suppression at large z

Remarkable consistency of the dataset



Higher-order 
corrections



Massive CC DIS at NNLO 
… and the impact on the strange distribution

J. Gao 

Charm-quark in CC DIS at NNLO including heavy-quark mass effects.  Applicable also to 
singlet-top production

HERAPDF2.0 base
MMHT2014 base

Assess the impact on 
NNLO correction on PDFs 
via Hessian profiling using 
NuTeV and CCFR data



Towards N3LO PDF 
Computation on the 4-loop splitting functions

T. Ueda 

N3LO corrections computed for some processes (e.g. hh → H)

Uncertainty due to missing higher-order corrections in PDFs is currently dominant

x-space 4-loop splitting functions reconstructed computing 
a number of Mellin moments (it works at NNLO).

Two alternative methods to compute Mellin moments:
1. Harmonic projection: conceptually simple but hard at 

large N
2. Matrix elements of twist-2 DIS operators: computation 

mildly dependent on N but complicated Feynman rules.

Use 1. at low N and 2. at large N.
Only non-singlet at large Nc for now.
Ongoing work for for the singlet sector.



Tools



The xFitter project F. Olness 

Many results presented at this conference 

were obtained within xFitter:

• PDFs with small-x resummation

• impact of CMS W+c data on PDFs

• HQ mass determination with HERA data

• PDFs with parton branching

• …

A further example of a results obtained with xFitter is a study of the impact of heavy-
quark matching scales in PDF fits 



APPLfast 
Interpolation grids at NNLO

C. Gwenlan 

Producing fast-interpolation grids allows one to reduce to seconds the computation of 
NNLO predictions (such as Z+j) the requires hundreds of thousands of CPU time to 
be computed

Extremely valuable tool for PDF determination



PDFSense 
Visualising sensitivity of  hadronic experiments to PDFs

F. Olness 

PDFSense allows one to compute and visualise the sensitivity to PDFs on many derived 
quantities.
Useful to:
• explore the impact of future high-energy datasets
• sensitivities to presudodatasets
• extend to other processes (e.g. SIDIS) Visualise multidimensional data 

using TensorFlow embedding



ePump 
Error PDF Updating Method Package

T.J. Hou 



An alternative fitting method 
Bayesian perspective on QCD global analysis N. Sato 

Hessian approach and …



Experimental results
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Wide collection of experimental data 
relevant for parton distribution 

functions and nucleon structure

From Stefan Schmitt
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Session content

From Stefan Schmitt

New measurements
+ strong coupling extractions
+ low scale / heavy flavour fits

Updates on measurements / 
use of data for all final states! 
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Stron⌃ couplin⌃ an� 
proto✏ structur⌘
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Radek Zlebcik

Extraction of α
S 
@NNLO with H1 data

First α
S 
extraction at NNLO with HERA jet and dijet data

Use of NNLO reduces the scale by half
Dependence on the initial fitting scale of the α

S 
value 

→ missing orders/resummation effects? 

NNLO improves description 
of the data wrt NLO

Sim. fit of 
PDF + α

S
  

Standalone 
α

S 
extr.  
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Markus Wobisch

Jet correlation measurements and extraction of α
S

Transverse energy-energy correlations
Associated asymmetry  

- Reduced uncertainties
- Independent of transverse thrust  

- Sensitive to multijet ratios (strong coupling)

Consistency of α
S 
values (NLO pQCD + NP) 

between each other and with world average  

ATLAS, 8 TeV,  20 fb-1
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Katarzyna Wichmann

Higher-twist impact at low Q2 and tuning to data

Extraction of PDF by including higher twist terms (HHT) for 
better description of low Q2 data

More physical behaviour at low x and scales

Effort started in tuning Monte Carlo generators (PYTHIA 8) 
for investigation of low scale processes (MB, UE)

→ Not clear conclusion yet, interplay with p
T

min and 

diffractive events 

p
T

min ~ 1.5 GeV
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Achim Geiser

QCD analysis of charm and beauty data at HERA

Combination of 13 datasets from H1 and ZEUS
→ Full correlations taken into account

→ Simultaneous fit of inclusive and heavy flavour data

→ Charm and beauty mass 
consistent with world 

average

→ HERAPDF-HQMASS 
consistent with 
HERAPDF-FF3A 
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New measurement�
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Zhiqing Philippe Zhang

Electroweak parameter measurements at H1

NC and CC HERA-II data used for determination of 
EW parameters and BSM form factors

Big improvement in precision with respect to HERA-I 
Measurements of couplings to Z competitive to LEP and D0 determinations
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Ulla Blumenschein

Drell-Yan cross section measurements in ATLAS

DY measurements at 7 TeV already included in global fitters → globally consistent

W+/W- ratios in inclusive and W ≥ 1 jet at 8 TeV

3D (dilepton mass, cos θ*, rapidity) DY unfolded cross sections at 8 TeV
released in HepData

→    Forward-backward asymmetry 
experimental precision higher than 
PDF uncertainty 
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Patrick Robbe

Z and top production cross section in LHCb

Top pair production in the 
forward region at 13 TeV 

reasonably described by NLO 
MC event generators

Inclusive Z at 13 TeV absolute 
and differential cross sections 

also in agreement with 
predictions 

Plan is to repeat these 
measurement in pPb collisions 
for constraining nuclear PDFs
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Bugra Bilin

Z+charm (jet) differential cross section measurement

Measurement of differential cross sections in Z+c, Z+b, Z+bb final states at 8 TeV

MCFM (no PS) 
predictions fail 

to describe 
single channels

Parton shower 
effects crucial 
for describing 

associated 
production with 
heavy flavour

Z selection through electron/muon decays

Charm/bottom selection through tagged jets 
(flavoured hadron inside the cone)

→ relatively high-p
T
 scales 

Z + c

Z + b
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Svenja Pflitsch

W+charm differential cross section measurement
CMS, 13 TeV,  35.7 fb-1

W through muonic decays

charm through D* decay 
chain

→ possibility to go much 
lower in transverse 

momentum

Absolute and differential 
cross sections (muon 

rapidity) + QCD analysis

Good agreement of 
MCFM predictions with 

various PDF

ATLASepEW16 tends 
to overestimate

Strangeness density 
compatible with ABMP 
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Katarzyna Weichmann

Global QCD analysis with ATLAS and CMS data 

Consistency check of HERA inclusive data + 
W ATLAS and CMS data + Z ATLAS and CMS data

All configurations 
support 

unsuppressed 
strangeness
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Bruno Lenzi

Inclusive photon cross section measurements

Measurement of inclusive photon (13 TeV), di- and three-photon cross sections (8 TeV)

Reasonable description of NLO/NNLO models in single- and di-photon final states

NLO predictions not enough for the three-photon case → NNLO required
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Mark Stockton

Photon+jets cross section measurements

Measurement of photon + jet (13 TeV) and photon + heavy flavour jet (8 TeV) final states

Good agreement of NLO+PS (Sherpa) and NLO (JetPhox) predictions in photon+jet 

Good agreement of both 4F and 5F scheme in the photon + heavy flavour (c/b)
final state but missing higher order effects for gluon splitting at high E

T
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Yiqian Xu

Neutrino-nucleon cross section measurement

ICECUBE experiment detects chain ν → DIS → charged secondaries → Cerenkov photons  

Machine learning novel techniques for removing background below E = 60 TeV
→ New measurement uses full five-years' data sample (2011-2016) 

Increase of neutrino 
nucleon cross section 

well reproduced by 
available models in the 
range 6.3 TeV – 10 PeV  
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Kei Nagai

Antiquark flavour asymmetry in Drell Yan production

Work ongoing on 
understanding the differences 
between SeaQuest and E866 

(hit rate dependence?)

SeaQuest experiment (Fermilab)
→ Proton collisions against target 

(√s = 15 GeV) detected by spectrometer

Selection of Drell-Yan events with mass > 4.2 GeV

Various models predict 
antiquark flavour asymmetry
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Ana Sofia Nunes

Multiplicity ratios of charged kaons in DIS 

Results not described by NLO pQCD models 
→ breaking of factorization for kaon fragmentation function? 

Collisions between 160 GeV muons and solid target

Measurement of K+/K- ratio for high z and in bins of ν



  21

    Taisiya Mineeva

Multiplicity ratios in SIDIS events at CLAS

1D/2D hadron multiplicities measured by HERMES compatible with available models 
(quark energy loss and hadron absorption) 

Multidimensional distributions help to constrain 
theoretical models

→ Possible with the available integrated luminosity 
in CLAS at JLAB

Preliminary results on pions 
and kaons available

Ongoing physics plan of 
systematic measurements for 

various 3D and 4D meson 
distributions
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⌫ank� t⇡ al⇢ th⌘ 
speaker� an� t⇡ yo� 
for th⌘ attentio✏!


