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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)]



The players

The PDF fitting game

Collaboration Authors arXiv

ABM

CTEQ/TEA

GJR/JR

HERAPDF

MSTW

NNPDF

S. Alekhin, J. Blümlein, S. Moch 1202.2281, 1105.5349, 1101.5261, 1107.3657,
0908.3128, 0908.2766, …

M. Guzzi J. Huston, H.-L. Lai, P. Nadolsky, 
J. Pumplin, D. Stump, C.-P. Yuan

1108.5112, 1101.0561, 1007.2241, 1004.4624, 
0910.4183, 0904.2424, 0802.0007, …

M. Glück, P. Jimenez-Delgado, E. Reya 1003.3168, 0909.1711, 0810.4274, …

H1 and ZEUS Collaborations 1107.4193, 1006.4471, 0906.1108, …

A. Martin, J. Stirling, R. Thorne, G. Watt 1211.1215, 1205.4024, 1107.2624, 1006.2753, 
0905.3531, 0901.0002, …

R. D. Ball, V. Bertone, S. Carrazza, F. Cerutti, 
C.S. Deans, L. Del Debbio, S. Forte, AG, 

N. P. Hartland, J. I. Latorre, J. Rojo, M. Ubiali

1207.1300, 1110.2483, 1108.2758, 1107.2652, 1103.2369,
 1102.3182, 1101.1300, 1005.0397, 1002.4407, …



Present status of PDF fits

The PDF fitting game

DATASET
PERT. 
ORDER

HQ 
TREATMENT αs PARAM. UNCERT.

ABM11

CT10

JR09

HERAPDF1.5

MSTW08

NNPDF2.3

DIS
Drell-Yan NLO

NNLO
FFN

(BMSN)

Fit
(multiple values 

available)

6 indep. PDFs
Polynomial
(25 param.)

Hessian
(Δ"2=1)

Global
LO
NLO
NNLO

GM-VFNS
(S-ACOT)

External
(multiple values 

available)

6 indep. PDFs
Polynomial
(26 param.)

Hessian
(Δ"2=100)

DIS
Drell-Yan

Jets

NLO
NNLO

FFN
VFN Fit

5 indep. PDFs
Polynomial
(15 param.)

Hessian
(Δ"2=1)

DIS (HERA) NLO
NNLO

GM-VFNS
(TR)

External
(multiple values 

available)

5 indep. PDFs
Polynomial
(14 param.)

Hessian
(Δ"2=1)

Global
LO
NLO
NNLO

GM-VFNS
(TR)

Fit
(multiple values 

available)

7 indep. PDFs
Polynomial
(20 param.)

Hessian
(Δ"2~25)

Global
(includes LHC 

data)

LO (2.1)
NLO
NNLO

GM-VFNS
(FONLL)

External
(multiple values 

available)

7 indep. PDFs
Neural Nets
(259 param.)

Monte Carlo



The rules of the game

Benchmarking PDFs with LHC data

[J. Rojo et al., arXiv:1211.5142]

Systematically compare PDFs, parton luminosities and predictions for 
observables at the LHC using the most up-to-date releases from different 
PDF fitters groups

ABM11
CT10
HERAPDF1.5
MSTW08
NNPDF2.3

Compare consistently using a common value for αs in order to disentangle 
PDF and strong coupling uncertainties (JR not available for multiple αs 
values)

When comparing to differential distributions, quantitatively describe the 
agreement giving !2 values, DO NOT rely only on plots, which could be 
misleading due to large systematic uncertainties



Parton Distributions - Gluon

Benchmarking PDFs 
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ABM gluon softer 
at medium-/large-x
(Inclusive Jet data 
not used in the fit)

Unnaturally small 
uncertainties in 

extrapolation regions 
(where there are no 
data) might signal a 
parametriation bias



Parton Distributions - Sea Quarks

Benchmarking PDFs 
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Unnaturally small 
uncertainties in 

extrapolation regions 
(where there are no 
data) might signal a 
parametriation bias



Parton Distributions - Valence Quarks

Benchmarking PDFs 
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HERA data provide 
little information on 
flavour separation at 

medium-/large-x



Parton Distributions - Strangeness

Benchmarking PDFs 
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Only MSTW and NNPDF provide an
independent parametrization for (s-s)

Strangeness is 
where global fits 
differ the most



Parton Luminosities

Benchmarking PDFs 

Φij =
1
s

dx '
x 'τ

1

∫ fi (x ',MX
2 ) f j (τ / x ',MX

2 )

Factorized cross-sections at hadron colliders can be written in terms of 
parton lumnosities

    with fi the PDFs and MX the invariant mass of the produced final state

Parton luminosities encode the whole dependence of hadronic cross-
sections on PDFs



Parton Luminosities

Benchmarking PDFs 

Directly related to Elctroweak Vector Boson production 

Good agreement between CT10, MSTW, NNPDF and HERAPDF over the 
whole kinematical range (larger uncertainties on the latter due to smaller 
dataset)

ABM11 somewhat larger qqbar luminosity (~8%), partly due to the use of 
FFN scheme for heavy flavour treatment

XM210 310

Q
ua

rk
 - 

An
tiq

ua
rk

 L
um

in
os

ity

0.8
0.85
0.9

0.95
1

1.05
1.1

1.15
1.2

1.25
1.3

 = 0.118s_LHC 8 TeV - Ratio to NNPDF2.3 NNLO - 

NNPDF2.3 NNLO

CT10 NNLO

MSTW2008 NNLO

 = 0.118s_LHC 8 TeV - Ratio to NNPDF2.3 NNLO - 

XM210 310

Q
ua

rk
 - 

An
tiq

ua
rk

 L
um

in
os

ity

0.8
0.85
0.9

0.95
1

1.05
1.1

1.15
1.2

1.25
1.3

 = 0.118s_LHC 8 TeV - Ratio to NNPDF2.3 NNLO - 

NNPDF2.3 NNLO

ABM11 NNLO

HERAPDF1.5 NNLO

 = 0.118s_LHC 8 TeV - Ratio to NNPDF2.3 NNLO - 

W   Z W   Z



Parton Luminosities

Benchmarking PDFs 

Probed by top pair and Higgs production in gluon-gluon fusion 

Good agreement between CT10, MSTW, NNPDF and HERAPDF over the 
whole kinematical range (larger uncertainties on the latter due to smaller 
dataset)

ABM11 luminosity generally smaller, except for small invariant masses of 
the final state
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LHC data - W/Z production

Benchmarking PDFs 

General agreement among predictions from different PDF sets (albeit with 
some discrepancies, in particular with ABM) and data will soon be precise to 
discriminate 

Look at ratios (and double ratios) at different center-of-mass energies
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LHC data - W/Z differential distributions

Benchmarking PDFs 

ATLAS W/Z (2010)

ABM11 1.923

CT10 1.125

HERAPDF1.5 1.845

MSTW08 3.194

NNPDF2.3 1.382

Constrain valence and sea quarks 
(absolute normalization and flavour 
separation)

Limited sensitivity to strangeness

Poor description from MSTW due 
to constrained valence quark (uv & 
dv) parametrization at small-x

[A.D. Martin et al., arXiv:1211.1215]
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LHC data - W lepton asymmetry

Benchmarking PDFs 

CMS W Asy (2011)

ABM11 1.602

CT10 1.778

HERAPDF1.5 0.817

MSTW08 4.140

NNPDF2.3 0.828

Direct probe of light quark flavour 
separation

Limited sensitivity to strangeness

Poor description from MSTW due 
to constrained valence quark (uv & 
dv) parametrization at small-x

[A.D. Martin et al., arXiv:1211.1215]
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LHC data - W/Z in the forward region

Benchmarking PDFs 
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LHCb provides a unique probe 
of the forward region

Test of our knowledge of PDFs 
at small-x

Z measurement recently 
updated



LHC data - W/Z in the forward region

Benchmarking PDFs 

LHCb W (2010)

ABM11 1.873

CT10 0.892

HERAPDF1.5 0.744

MSTW08 0.956

NNPDF2.3 0.741

LHCb provides a unique probe of 
small-x of light quark distributions

Moderate discriminating power 
among predictions from different 
sets
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LHC data - Inclusive Jet production

Benchmarking PDFs 

Inclusive jet production provides 
the best constraint on large-x 
gluon

All sets give a good description of 
available data (ATLAS, 2010)

Beware of visual data-theory 
comparisons in presence of large 
systematic uncertainties

ATLAS jets (2010)
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NNPDF2.3 0.862
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Ratios of Inclusive Jet prod. at different CM energy

Benchmarking PDFs 

Substantial reduction of the experimental uncertainties in the ratio, 
especially at low pT

Interesting exercise to be repeated with the higher statistics data from the 
8 TeV run (expect more substantial reduction in theory uncertainties)
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M.Sutton - PDF constraints from the ATLAS Collaboration

Ratio with respect to theory

• With the ratio the experimental uncertainties are generally smaller than the PDF uncertainty - 
particularly at low pT 

13



LHC data - ttbar production

Benchmarking PDFs 

The ttbar cross-section is directly sensitive to the gluon PDF at medium-/
large-x
Dependence of the cross-section on the value of the strong coupling 
constant suggests that it is possible to use the ttbar cross-section to 
extract�αs
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LHC data - $s determination from ttbar production

Benchmarking PDFs 

6 5 Results and Conclusions

)
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Figure 3: Comparison of the results obtained for aS(mZ) from the measured tt cross section us-
ing the approximate NNLO calculations implemented in Top++ 1.3 and HATHOR 1.3 together
with four different PDF sets. The inner error bars include the uncertainties on the measured
cross section as well as the PDF and scale uncertainties on the predicted cross section. The
outer error bars additionally account for the uncertainty on mt. The latest world average for
aS(mZ), obtained by the Particle Data Group in June 2012, is also shown, using a dashed line
together with a hatched uncertainty band. The filled bands with the dotted lines indicate the
default aS(mZ) value of the corresponding PDF set.
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Once mt is fixed, it is possible to 
determine αs through comparison of the 
predicted and measured cross-section

Results obtained with HERAPDF, MSTW 
and NNPDF similar and compatible with 
preferred values for each set

ABM yields a large αs due to smaller 
gluon, in contrast with preferred value

New high-energy approximation in 
HATHOR results in 1.3% lower value for 
extracted αs

9 R. Plačakytė, PDF4LHC meeting, 08.10.2012 

 Top physics

Available theory predictions (exact NNLO for qqbar, approx NNLO for gg):

  1.3 TOP++ 

  1.3 HATHOR (new high energy approximation for soft g-resummation)

 

 → α
s

 dependence of the σ
ttbar

 → higher HATHOR predictions            

    due to new high-energy approx.

 → lower ABM prediction due to           

     smaller gluon

ttbar: production at LHC via gg fusion (dominant) and qqbar anihilation

With the measured σ
ttbar

 one can either 

 • fix α
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 to extract m
t
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Higgs prduction - gluon fusion

Benchmarking PDFs 

Higgs production cross-section in gluon-gluon fusion computed at NNLO 
with iHix (with Q = MH = 125 GeV)

Predictions from different sets are compatible when common value for αs 
is used (ABM prediction substantially lower if default value for  αs = 0.1134 
is used)
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Higgs prduction - VBF & WH

Benchmarking PDFs 

Higgs production cross-section in Vector Boson fusion and associated WH 
production computed at NNLO (with Q = MH = 125 GeV)

Predictions from global sets and HERAPDF are compatible within errors, 
ABM prediction substantially larger due to differences in quark-quark 
luminosities
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Impact of LHC data

LHC for PDFs

Compare the quality of the 
fit to all datasets before and 
after inclusion of LHC data 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
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Impact of LHC data on PDFs

LHC for PDFs
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Are we there yet?

Collider-only fit 

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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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 substantially larger uncertainties (missing 
constraints from fixed target DIS/DY data)

Uncertainties on “fixed target” observables are still 
unacceptably large
Improvement with respect to NNPDF2.1 collider fit 
thanks to inclusion of LHC data 
... things can only get better with more data coming 
from HERA (combined F2c and HERA-II data) and the 
LHC (W+c, low mass DY, photons, high pt Z/W ...)



More data are coming!

LHC for PDFs

More inclusive jet (and dijet) data

top-pair differential distributions

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
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D. d’Enterria & J. Rojo, arXiv:1202.1762
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Figure 7: Inclusive jet (left) and dijet (right) cross sections for the five different rapidity bins,
for data (markers) and theory (thick lines) using the NNPDF2.1 PDF set.
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France; the Bundesministerium für Bildung und Forschung, Deutsche Forschungsgemeinschaft,
and Helmholtz-Gemeinschaft Deutscher Forschungszentren, Germany; the General Secretariat
for Research and Technology, Greece; the National Scientific Research Foundation, and Na-
tional Office for Research and Technology, Hungary; the Department of Atomic Energy and the
Department of Science and Technology, India; the Institute for Studies in Theoretical Physics
and Mathematics, Iran; the Science Foundation, Ireland; the Istituto Nazionale di Fisica Nu-
cleare, Italy; the Korean Ministry of Education, Science and Technology and the World Class
University program of NRF, Republic of Korea; the Lithuanian Academy of Sciences; the Mex-
ican Funding Agencies (CINVESTAV, CONACYT, SEP, and UASLP-FAI); the Ministry of Sci-
ence and Innovation, New Zealand; the Pakistan Atomic Energy Commission; the Ministry of
Science and Higher Education and the National Science Centre, Poland; the Fundação para a
Ciência e a Tecnologia, Portugal; JINR (Armenia, Belarus, Georgia, Ukraine, Uzbekistan); the
Ministry of Education and Science of the Russian Federation, the Federal Agency of Atomic En-
ergy of the Russian Federation, Russian Academy of Sciences, and the Russian Foundation for
Basic Research; the Ministry of Science and Technological Development of Serbia; the Secretarı́a
de Estado de Investigación, Desarrollo e Innovación and Programa Consolider-Ingenio 2010,
Spain; the Swiss Funding Agencies (ETH Board, ETH Zurich, PSI, SNF, UniZH, Canton Zurich,
and SER); the National Science Council, Taipei; the Thailand Center of Excellence in Physics,
the Institute for the Promotion of Teaching Science and Technology of Thailand and the Na-
tional Science and Technology Development Agency of Thailand; the Scientific and Technical

[CMS, arXiv:1212.6660] 

17

GeV t
T

p
0 50 100 150 200 250 300 350 400

-1
G

eV
 t T

dpσd  σ1

0

1

2

3

4

5

6

7

8

9

10
-310×

Data
MadGraph
MC@NLO  
POWHEG  
Approx. NNLO

 = 7 TeVs at -1CMS, 5.0 fb

 + Jets Combinedµe/

(arXiv:1009.4935)

ty
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

 t
dyσd  σ1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7
Data
MadGraph
MC@NLO  
POWHEG  
Approx. NNLO

 = 7 TeVs at -1CMS, 5.0 fb

 + Jets Combinedµe/

(arXiv:1105.5167)

GeV tt
T

p
0 50 100 150 200 250 300

-1
G

eV
 tt T

dpσd  σ1

0

5

10

15

20

25
-310×

Data
MadGraph
MC@NLO  
POWHEG  

 = 7 TeVs at -1CMS, 5.0 fb

 + Jets Combinedµe/

tty
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

 tt
dyσd  σ1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8
Data
MadGraph
MC@NLO  
POWHEG  

 = 7 TeVs at -1CMS, 5.0 fb

 + Jets Combinedµe/

GeV ttm
400 600 800 1000 1200 1400 1600

-1
G

eV
 tt

dm
σd  σ1

-610

-510

-410

-310

-210

Data
MadGraph
MC@NLO  
POWHEG  

 = 7 TeVs at -1CMS, 5.0 fb

 + Jets Combinedµe/

Figure 9: Normalised differential tt production cross section in the `+jets channels as a function
of the pt

T (top left) and yt (top right) of the top quarks, and the ptt
T (middle left), ytt (middle

right), and mtt (bottom) of the top-quark pairs. The superscript ‘t’ refers to both top quarks
and antiquarks. The inner (outer) error bars indicate the statistical (combined statistical and
systematic) uncertainty. The measurements are compared to predictions from MADGRAPH,
POWHEG, and MC@NLO, and to an approximate NNLO calculation [11, 12], when available.
The MADGRAPH prediction is shown both as a curve and as a binned histogram.
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Fig. 5 Relative differential cross-section versus (a-b) mt  t , (c) pT,t  t and (d) yt  t . Note that the histograms are a graphical representation of Table 3.
This means that only the bin ranges along the x-axis (and not the position of the vertical error bar) can be associated to the relative differential cross-
section values on the y-axis. The relative cross-section in each bin shown in Table 3 is compared to the NLO prediction from MCFM [6]. For mt  t
the results are also compared with the NLO+NNLL prediction from Ref. [5]. The measured uncertainty represents 68% confidence level including
both statistical and systematic uncertainties. The bands represent theory uncertainties (see Sect. 8 for details). Predictions from MC@NLO and
ALPGEN are shown for fixed settings of the generators’ parameters (details are found in Sect. 8).
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More data are coming!

LHC for PDFs

Low-mass Drell-Yan High mass Drell-Yan/W production

Constraining light quark flavour separation

(CAVEAT: needs to be 
turned from a search 
into a measurement)
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More data are coming!

LHC for PDFs

W+charm production

Z+bottom
Z+charm 
ɣ+charm
single-top

....

Constraining strangeness & heavy quark PDFs

[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
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Origin of differences not well 
understood: issues with DIS neutrino 
data? PDF parametrizations? Heavy 
quark treatment?6
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The way ahead

Conclusions & Outlook

Parton Distribution Functions are a fundamental ingredient of theoretical 
predictions for observables at hadron colliders

A systematic benchmarking of available Parton Distribution Functions against 
LHC data is a mandatory exercise to understand the origin of differences in 
predictions obtained using different PDF sets

LHC data will soon allow to distinguish among predictions from different 
sets

LHC data are making their way into PDF fits and having a moderate impact 
on PDF determinations

More data are coming that will provide further constraints and eventually 
allow for fits based on collider data only



Backup Slides



A “strange” story

PDFs & the LHC

ATLAS recently presented evidence for a larger than thought strange 
distribution at low Q2 and x, leading to a value for

                                            ≈ 1  (for Q2=1.9 GeV2 and x=0.023)

which systematically larger than prediction from global PDF fits

The ATLAS analysis is based on a fit combining the HERA-I data with the 
ATLAS W/Z rapidity distribution data

In order to check the ATLAS claim we produced a version of the NNPDF2.3 
fit based on the same dataset used in the ATLAS study
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PDFs & the LHC
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Why do we care?

Parton Distribution Functions 
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predictions at the LHC

DGLAP evolution



Impact of LHC data

LHC for PDFs
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NMCpd
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NuTeV
DYE605
DYE866

CDFWASY
CDFZRAP
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ATLAS-WZ
CMS-WEASY

LHCb-W
CDFR2KT
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ATLAS-JETS-2010

0.93 0.95
1.59 1.61
1.28 1.24
1.20 1.20
1.01 1.00
1.09 1.10
0.42 0.43
0.85 0.86
1.24 1.27
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1.37 1.26
1.32 0.72
1.03 0.67
0.60 0.60
0.84 0.84
1.01 1.00

Compare the quality of the 
fit to all datasets before and 
after inclusion of LHC data 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



Beyond Benchmarking
(next step: 

trying to understand the differences)

Juan Rojo                                                                                                                        PDF4LHC Workshop, 09/12/2012

NNPDF Preliminary
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Variable vs Fixed Flavor Number Schemes
 Differences between ABM11 and other PDF sets partly arise from different HQ 

treatment: Fixed Flavor Number vs General Mass VFN (Thorne, arXiv:1201.6180)

 The FFN fit leads to a harder small-x gluon, and thus (via the momentum sum rule) a 
softer large-x gluon, and to a harder quarks at small-x at LHC scales through evolution

 Differences between various GM-VFN schemes much smaller that between FFN and 
GM-VFN. See also Les Houches heavy quark benchmark study.

FFN

GMVFN
Juan Rojo                                                                                                                        PDF4LHC Workshop, 09/12/2012

Alberto Guffanti




 The impact of FFN vs GM-VFN also studied by NNPDF: consistent results with those of Thorne

 Similar trend observed as between NNPDF2.3 and ABM11: softer large-x gluon, harder medium-x quarks
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Variable vs Fixed Flavor Number Schemes



 Are all heavy quark schemes equally valid? Or some of them describe better exp data?

 Compute the difference in !2 between the VFN and FFN fits with various kinematical cuts

 The FFN fit quality is poorer than the VFN, the difference is statistically significant and 
specially relevant for the inclusive HERA-I: due to missing resummation of DGLAP logarithms

Juan Rojo                                                                                                                        PDF4LHC Workshop, 09/12/2012

 Although FFN provides a reasonable description of HERA-I data, a better fit quality obtained 
by VFN thanks to DGLAP resummation at moderate and large Q2

 FFN and VFN similar !2 at small Q2

kin cuts all DIS data HERA-I data

NNPDF Preliminary

Variable vs Fixed Flavor Number Schemes



 The different treatment of DGLAP logarithms (fixed order vs resummation) might explain 
most differences in LHC cross sections between ABM11 and NNPDF2.3 (even for common !S)

Juan Rojo                                                                                                                        PDF4LHC Workshop, 09/12/2012

Variable vs Fixed Flavor Number Schemes
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Softer large-x gluon -> Smaller tT, ttH cross sections
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 The different treatment of DGLAP logarithms (fixed order vs resummation) might explain 
most differences in LHC cross sections between ABM11 and NNPDF2.3 (even for common !S)
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Variable vs Fixed Flavor Number Schemes

Harder smaller-x quarks -> Larger W,Z, WH, VBF cross sections
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Impact of Higher Twists

Juan Rojo                                                                                                                        PDF4LHC Workshop, 09/12/2012

 NNPDF2.3 adopts a kin cut of W2 > 12.5 GeV2 and includes exactly kinematical 
higher twists (target mass corrections)

 To explore possible impact of residual dynamical higher twists, redo NNPDF2.3 using 
the ABM HT parametrization varying the overall normalization

 Even for a HT correction twice the size of ABM11, differences in PDFs much smaller 
than PDF uncertainties. Similar conclusions from MSTW study (arXiv:1106.5789)

NNPDF Preliminary

ABM11
NNPDF2.3 ref vs. HT

pHT=2

d=10 -> 1-sigmaPDF 



Impact of Higher Twists
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 NNPDF2.3 adopts a kin cut of W2 > 12.5 GeV2 and includes exactly kinematical 
higher twists (target mass corrections)

 If higher twists contaminate the default NNPDF2.3, one should expect a systematic 
difference when the cut is raised say to W2 > 20 GeV2

 We find however no statistically significant differences varying the W2  cut: higher 
twists are irrelevant for the NNPDF fits

NNPDF Preliminary

d=10 -> 1-sigmaPDF d=10 -> 1-sigmaPDF 


