
1Juan Rojo                                                                                                                     Institute for Subatomic Physics, Utrecht, 27/09/2016

Constraining the proton structure with Run II LHC data

Master project, Theoretical Physics & GRAPPA tracks, MSc Physics and Astronomy

The non-perturbative dynamics that determine the energy distribution of quarks and gluons
inside protons, the so-called parton distribution functions (PDFs) [1], cannot be computed from first
principles from Quantum Chromodynamics (QCD), and need to be determined from experimental
data. PDFs are an essential ingredient for the scientific program at the Large Hadron Collider
(LHC), from Higgs characterization to searches for New Physics beyond the Standard Model.

One recent breakthrough in PDF analysis has been the exploitation of the constraints from LHC
data [2]. From direct photons [3] to top quark pair production [4] and charmed meson differential
distributions [5], LHC measurements are now a central ingredient of PDF fits, providing important
information on poorly-known PDFs such as the large and small-x gluon or the large-x antiquarks.
With the upcoming availability of data from the Run II of the LHC at a center-of-mass energy of
13 TeV, these constraints are expected to become even more stringent.

In this project, the implications of PDF-sensitive measurements at the LHC 13 TeV will be
quantified. Processes that will be considered include jet and dijet production at the multi-TeV
scale, single-top quark production, and weak boson production in association with heavy quarks,
among others. These studies will be performed using the NNPDF fitting framework [6, 7], based
on machine learning techniques such as artificial neural networks and genetic algorithms. The
phenomenological implications of the improved PDF modeling for Higgs and new physics searches
at the LHC will also be explored.
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ANN in high-energy physics
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ANNs are routinely exploited in high-energy physics, in most cases as classifiers to separate between 
interesting and more mundane events!
ANNs also provide universal unbiased interpolants to parametrize the non-perturbative dynamics 
that determines the size and shape of the PDFs from experimental data!

!
Traditional approach

NNPDF approach

ANNs eliminate theory bias introduced in PDF fits 
from choice of ad-hoc functional forms!

NNPDF fits used O(400) free parameters, to be 
compared with O(10-20) in traditional PDFs. Results 
stable if O(4000) parameters used!!

Faithful extrapolation: PDF uncertainties blow up in 
regions with scarce experimental data!

!
!
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Figure 11: Left plot: The NNPDF3.0 small-x gluon, evaluated at Q = 2 GeV, comparing the baseline
global fit result with with the new gluon obtained after the inclusion in the fit of the LHCb charm
production data. In the latter case, we show both the reweighted results (rwg) and those after the
unweighting procedure. Right plot: comparison of the percentage PDF uncertainties for the NNPDF3.0
gluon at small-x both with and without the LHCb data.

at 13 TeV. A tabulation of our results is provided in Appendix A, and predictions for di↵erent
binnings and other meson species are available from the authors.

4.1 Forward heavy quark production at
p
s = 13 TeV

First of all, we provide the theory predictions needed to compare with the upcoming LHCb data
on charm and bottom production at the LHC Run II with

p
s = 13 TeV. We will assume the

same binning as for the 7 TeV measurements [32,33], and provide the complete set of theoretical
uncertainties from scales, PDFs, and charm/bottom mass variations. The predictions for any
other binning are also available upon request from the authors. Predictions will be given using
the improved NNPDF3.0+LHCb PDF as input.

First of all, in Fig. 12 we show the predictions for the double di↵erential distributions,
d

2

�(D)/dyDdpDT , for the production of D

0 mesons at LHCb for a center-of-mass energy ofp
s = 13 TeV, both in a central and in a forward rapidity bin. We compare the results of the two

exclusive calculations, POWHEG and aMC@NLO matched to Pythia8. Theory uncertainties
are computed adding in quadrature scale, PDF and charm mass uncertainties. This comparison
shows that there is good agreement between the two calculations, both in terms of central values
and in terms of the total uncertainty band. This agreement also holds for other D mesons and
rapidity regions, not shown here. Thanks to using the improved NNPDF3.0 PDFs with

p
s = 7

TeV LHCb data, PDF uncertainties turn out to be subdominant even at
p
s = 13 TeV, with

scale variations being the dominant source of theoretical uncertainties.
The corresponding comparison for B

0 mesons is shown in Fig. 13. As in the case of the
charm, there is a good agreement between the POWHEG and aMC@NLO calculations, from
low pT ' 0 to the highest values of pT available. The agreement between the theory uncertainty
bands in the two independent calculations provides confidence on the robustness of our results.

The tabulation of the results shown in Figs. 12 and 13 is provided in Appendix A, in particular
in Tables 3 (for D0 mesons) and 4 (for B0 mesons).
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For more information about this project, please contact Dr. Juan Rojo at j.rojo@vu.nl.
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