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What are they? - Definition

Parton Distribution Functions

Consider a process with a single hadron in the initial state

The cross section for such a process can be written (Factorization Theorem) as
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What are they? - DGLAP evolution

Parton Distribution Functions

• Parton Distribution Functions are non-perturbative objects and their value at 
given x and Q2 cannot be computed in QCD Perturbation Theory (Lattice?)

• ... but the scale dependence of PDFs is governed by the DGLAP evolution 
equations
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• ... where the splitting functions (Pij) can be computed in Perturbation Theory 
and are known up to NNLO

[LO - Dokshitzer; Gribov, Lipatov; Altarelli, Parisi (1977)]
[NLO - Floratos, Ross, Sachrajda; Gonzalez-Arroyo, Lopez, Yndurain; Curci, Furmanski, Petronzio (1981)]

[NNLO - Moch, Vermaseren, Vogt (2004)]



Why do we care?

Parton Distribution Functions 
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The players

The PDF fitting game
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Present status of PDF fits

The PDF fitting game
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Comparing Parton Luminosities

PDFs for the LHC 

Let us first compare parton luminosities at the LHC (7 TeV)
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Comparing Parton Luminosities

PDFs for the LHC 

Plots by G. Watt (arXiv:1106.5788)
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Comparing predictions for LHC Benchmark processes

PDFs for the LHC
The present status of PDF fits
Comparisons to LHC data

Predictions for LHC Standard Candles compared to LHC data
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LHC data will soon be precise enough to distinguish between different
predictions.

A. Guffanti (NBIA & Discovery Center) PDFs@LHC 37 / 70

LHC data will soon be accurate enough to distinguish between 
predictions from different PDF sets



Comparing predictions for LHC Benchmark processes

PDFs for the LHC

LHC data will soon be accurate enough to distinguish between 
predictions from different PDF sets

Z→µµ "

W+→µν "

W-→µν "

W+/W- "

W/Z "

W+/Z "

W-/Z "

Ronan McNulty.  PDF4LHC.  23.05.2012 4 



Comparing predictions for LHC Benchmark processes

PDFs for the LHC

Going beyond inclusive quantities and looking at differential distributions adds even 
more information
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Also pretty good for inclusive distributions. Except some problems with asymmetry.
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Differential Z distribution v y 

Ronan McNulty.  PDF4LHC.  23.05.2012 13 
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LHC data are testing previously 
untested assumptions and fine details 

of PDF fits



A “strange” story ...

• In a recent publication (arXiv:1203.4051) 
ATLAS performed a QCD analysis of 
HERA-I and ATLAS W/Z data

•Strange sea PDF roughly equal to the u 
and d quark sea PDFs, at odds with  
predictions from most PDF sets

•Strangeness is one place where different 
sets differ most

•Strange PDFs parametrized with only two 
free parameters

•We repeated the analysis within the 
NNPDF framework (using a substantially 
more flexible strange parametrization)

Significant variation in PDFs (ABM similar to MSTW). Maybe partially explained by
Q2 cuts (MSTW 2GeV2, NNPDF 3GeV2, CT10 4GeV2). Strange almost unchanged
if MSTW cut 5GeV2.
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Factor of (1 + m2
c/Q2) in NNPDF2.1 lowers MSTW a little - cuts different.

Correction of contribution from initial state charm quarks/subtraction from gluon
(σ ∝ s + (1− y)2c̄, y = 0.3− 0.7) to be consistent with acceptance corrections moves
MSTW down very slightly (smaller y → smaller charm). Plot by G. Watt.
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Plot by R. Thorne, PDF4LHC

PDFs for the LHC



A “strange” story ...

NNPDF2.3 Rs
(x=0.023,Q2=2GeV2)

noLHC

Global

HERA+
ATLAS-WZ

Collider-only

0.32 ± 0.10

0.35 ± 0.10

1.4 ± 2.2

0.95 ± 0.60

Q2=MZ2

• Compare NNPDF2.1, NNPDF2.3-noLHC, and NNPDF2.3 sets with various datasets: 
global, HERA+ATLAS-WZ, collider-only

• HERA+ATLAS-WZ (and collider-only) fit: central value consistent with ATLAS 
analysis, but substantially larger PDF uncertainties 

• Possible signs of “tension” between fixed target (NuTeV/CCFR) and collider data

PDFs for the LHC



A “strange” story ...

PDFs for the LHC

NNPDF2.3-HERA+ATLAS-WZ

• PDF uncertainties in ATLAS determination of strangeness probably seriously
underestimated

• ... but LHC data begin to provide constraints on strangeness and hint at a 
possible “tension” with fixed-target data

•  Upcoming W+charm measurement will shed more light on the issue



NNPDF2.3 - Inclusion of LHC data in global fits

LHC for PDFs

NLO NNPDF2.3 noLHC NNPDF2.3
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1.62 1.65

1.27 1.26

1.24 1.25

1.03 1.02

1.15 1.14

0.42 0.42

0.78 0.81

1.20 1.21

1.60 1.60

1.71 1.65

0.61 0.61

1.41 1.30

1.60 1.05

1.13 1.07

0.76 0.79

0.78 0.79

1.31 1.25

• Compare the quality of the fit 
to LHC data before and after 
inclusion in the global fit

• Including LHC data in the fit 
improves the quality of their 
description, w/o deteriorating 
quality of the fit to other 
datasets

• Moderate impact of the LHC 
data, supporting consistency of 
the global fit framework

• Fit quality is comparable at NLO 
and NNLO, thought the former 
marginally better



NNPDF2.3 - Inclusion of LHC data in global fits

LHC for PDFs
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• Compare the quality of the fit 
to LHC data before and after 
inclusion in the global fit

• Including LHC data in the fit 
improves the quality of their 
description, w/o deteriorating 
quality of the fit to other 
datasets

• Moderate impact of the LHC 
data, supporting consistency of 
the global fit framework

• Fit quality is comparable at NLO 
and NNLO, thought the former 
marginally better



NNPDF2.3 - Inclusion of LHC data in global fits

LHC for PDFs
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• NNPDF2.3 is the first global fit including
LHC data
✴ATLAS, CMS & LHC-b W/Z data
✴ATLAS inclusive jet data

• Reduction on uncertainty in large-x gluon
(ATLAS jet data)

• Reduction on uncertainties on light quark
distributions both at small- and large-x
(W/Z data)

• Changes in light flavour PDFs shape after
due to inclusion of LHC W/Z data: handle 
on flavour separation



Collider-only fits, are we there yet?

LHC for PDFs

It is the fit we would love to have
• Only high energy data: minimize the effects of higher-twist contributions
• Only proton data: no assumptions based on models for nuclear corrections
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• How does a fit including only HERA DIS, Tevatron W/Z 
and inclusove jet and LHC data compares to global 
fits?

• Gluon distribution is very well constrained both at 
small-x (HERA) and large-x (Tevatron/LHC jets)

• PDF combinations sensitive to light flavour separation
have much larger uncertainties in the collider-only fit
(missing constraints from fixed target DIS/DY data) 



Collider-only fit? More data are coming!

LHC for PDFs

More inclusive jet (and dijet) data

top-pair differential distributions

Di↵erential Distributions

Di↵erential Distributions with aMC@NLO: the impact of PDFs

The LHC tt di↵erential distributions could be potentially discriminating
for the PDF sets.

Di↵erences between NNPDF/MSTW and ABM of order 20%:
same trend as in the inclusive cross section.

Valerio Bertone CERN and Albert-Ludwigs-Universität Freiburg

Top quark pair di↵erential distributions with aMC@NLO: PDFs for NLO event generators and constraints on the gluon

Constraining the medium/large-x gluon

Prompt photonspredictions.
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Figure 8: Ratio of ATLAS isolated-photon datasets (880 nb−1, top, and 36 pb−1, bottom) and NLO pQCD
predictions in p-p collisions at

√
s = 7 TeV at various photon rapidities. The (yellow) band indicates the

range of predictions for each one of the 100 NNPDF2.1 replicas, and the bars show the total experimental
uncertainty.
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Figure 9: Ratio of CMS isolated-photon data and NLO pQCD predictions in p-p collisions at√
s = 2.76 TeV (top left) and

√
s = 7 TeV (2.9 nb−1, top-middle, and 36 pb−1, top-right and bottom,

datasets) at various photon rapidities. The (yellow) band indicates the range of predictions for each one
of the 100 NNPDF2.1 replicas, and the bars show the total experimental uncertainty.

Figure 10 shows the overall comparison of the full collider photon dataset considered in this
analysis with the NLO predictions obtained using the central NNPDF2.1 replicas, as a function
of x

T
. Most of the data/theory ratios are around unity indicating an overall good agreement

between NLO pQCD and the experimental measurements. No systematic deviation is observed

14

D. d’Enterria & J. Rojo, arXiv:1202.1762

V. Bertone, PDF4LHC Workshop



Collider-only fit? More data are coming!

LHC for PDFs

Low-mass Drell-Yan High mass W production

Constraining light quark flavour separation

20 

DY→µµ cross-section measured down to 5 GeV.  

Ronan McNulty.  PDF4LHC.  23.05.2012 

Differential distributions for two mass 
bins.  

Ronan McNulty.  PDF4LHC.  23.05.2012 21 

Fully double differential distributions possible with 2011 data 

(CAVEAT: needs to be turned from
 a search into a measurement)



Collider-only fit? More data are coming!

LHC for PDFs

W+charm production

Z+bottom
Z+charm 
ɣ+charm
single-top

....

Constraining strangeness & heavy flavour PDFs

CMS Preliminary results (CMS-PAS-EWK-11-013)

7

CMS W+c production (CMS-PAS-EWK-11-013)

Juan Rojo                                                                                                                         LPCC  Elecroweak Working Group workshop 2011

CMS measurement

Still large experimental uncertainties, 
but clearly towards discrimination 
between PDF sets

Strangeness is where larger 
differences between sets are found

Experimental uncertainties to be 
reduced with the 2011 dataset

x
-310 -210 -110

) 02
 (x

, Q
+

xs

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6
NNPDF2.1
CT10
MSTW08

Origin of differences not well 
understood: issues with DIS neutrino 
data? PDF parametrizations? Heavy 
quark treatment?6
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Juan Rojo                                                                                                                         LPCC  Elecroweak Working Group workshop 2011
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between PDF sets

Strangeness is where larger 
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Experimental uncertainties to be 
reduced with the 2011 dataset
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CMS W+c production (CMS-PAS-EWK-11-013)

Juan Rojo                                                                                                                         LPCC  Elecroweak Working Group workshop 2011

CMS measurement

Still large experimental uncertainties, 
but clearly towards discrimination 
between PDF sets

Strangeness is where larger 
differences between sets are found

Experimental uncertainties to be 
reduced with the 2011 dataset



Conclusions & Outlook

• Parton distribution Functions are an essential ingredient in 
predictions of observables at the LHC experiments

• The use of different methods and techniques in the extraction of 
PDFs guarantees the solidity of predictions and a thorough 
understanding of the differences and assumptions

• LHC data will soon (and indeed already do) discriminate between 
predictions from different PDF sets

• Measurements at the LHC will soon (and indeed already do) provide 
valuable information to further constrain PDFs


