Parton Distributions
in the Higgs Boson Era
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Parton Distribution Functions (PDFs)

e Event rates at the LHC depend on the Parton Distribution Functions (PDFs) of the proton

e PDFs encode non-perturbative dynamics that determine the distribution of energy that
quarks and gluons carry within the proton

e Computation of PDFs from first principles not competitive

===l Determine PDFs via global QCD analysis of hard-scattering data
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PDFs and LHC phenomenolog8y
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2) Very large PDF uncertainties (>100%) for
new heavy particle production
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1) PDFs fundamental limit for Higgs boson
characterization in terms of couplings

Gluino Pair Production PDF Uncertainty

CT10 4 ) '
MSTW2008 ’ 4 4
NNPDF21 F y ’
HERA10 4 4 5
ABKMO09
LHEC

‘Supersymmetric QCD

LHC (14 TeV)

5 1.0

15 2.0 2.5 3.0 3.5 4.0 4.5
M, = M, [TeV]

5.0

3) PDFs dominant systematic for precision
measurements, like W boson mass, that test internal
consistency of the Standard Model
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Recent Results

[ Parton Distributions with LHC data

NNPDEF2.3: First PDF set to include constraints from LHC
W,Z data from ATLAS/CMS/LHCb, jet data from ATLAS
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[/ Parton Distributions with QED corrections

Z data

[ Pinning down the gluon PDF with top quarks
NNLO calculations allows to include top data in PDF fits

Reduced uncertainties in poorly known large-x gluon
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Graviton production
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More accurate

= BSM xsecs thanks

to top data

Direct determination of the photon PDF from LHC data
Potential impact in EWPO and high-mass BSM

PDF uncertainty
from YY in
initial state
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IzPolarized PDFs and nuclear PDFs

i) NNPDFpoll.0: first NNPDF polarized set + EIC studies

ii) Constraints on nuclear PDFs from pPb collisions
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Ongoing research

NNPDF3.0: The New PDF Generation

NINFP DI

M Complete rewriting of NNPDF framework in C++/
Python, graphical user interface, interface to GPUs

4 Wealth of new HERA and LHC data: CMS jets, W
+charm, top production, 2D Drell-Yan, HERA-II xsecs

4 Improved fitting methodology based on statistical
analysis and closure testing with fixed underlying theory

[/ Release: Jan 2014, as part of the new C++ LHAPDF6

M Next: PDFs with resummation, intrinsic charm and
PDFs for NLO event generators

Jet reconstruction and substructure Parton Distributions and NLO Event Generators

Scale-invariant resonance tagging
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New ideas to improve BSM searches
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in boosted final states

Fast interface to aMCatNLO
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Developing APPLgrid interface to aMCatNLO

Match boosted and resolved configurations NLO+PS computations for global PDF fits

Relevant for multijets, boosted tops, ...
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