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Abstract

In this talk I will touch upon continuing updates in PDFs, including improvements and
recent updates of selected PDF sets due to both theory improvements and a inclusion
of new data sets, a.o. most of the up-to-date LHC data. I also present advances in
means of combining PDFs which will feed into a new PDF4LHC recommendation
which will appear soon.
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PDFs and HERA data

PDFs and HERA data

Recently baseline (HERA-only) fits were carried out

The fits were done for MSTW, NNPDF, CTEQ and HERAPDF

Using same Q2
cut = 5GeV2, αS =0.118 and mc =1.4GeV in all cases

Also, same definition of χ2
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PDFs and HERA data
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PDFs and HERA data

Some issues still need clarification
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PDFs and HERA data
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PDFs and LHC data ABM12 PDFs

ABM12 PDFs

Variation with mt
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PDFs and LHC data ABM12 PDFs

ABM12 PDFs
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PDFs and LHC data CT10

CT10
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PDFs and LHC data NNPDF3.0

NNPDF3.0

4

 More than 1000 new data points from  
new HERA and LHC data

 HERA structure function data: 
HERA-II structure functions from 
H1 and ZEUS, combined HERA F2c 
cross-sections  

 LHC jet data: CMS 7 TeV 
inclusive jets from 2011, ATLAS 
2.76 TeV jets including their 
correlation with the 7 TeV jet data

 LHC electroweak data: CMS 
muon asymmetries from 2011, 
LHCb Z rapidity distributions 
from 2011, CMS W+charm 
production data, ATLAS and CMS 
Drell-Yan production, ATLAS W 
pT distributions

 ATLAS and CMS top quark 
pair production data

All these datasets already reasonably well described by NNPDF2.3

Juan Rojo                                                                                                           ICHEP2014, Valencia, 04/07/2014
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PDFs and LHC data NNPDF3.0

NNPDF3.0

20

 Compare global NNPDF3.0 fit with a fit without 
LHC data

 PDF uncertainties on large-x gluon reduced due 
to top quark and jet data

 PDF uncertainties on light quarks reduced from 
the Drell-Yan and W+charm data

 The description of all new LHC data, already 
good in NNPDF2.3, is further improved in 
NNPDF3.0

Juan Rojo                                                                                                           ICHEP2014, Valencia, 04/07/2014
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PDFs and LHC data NNPDF3.0

NNPDF3.0

21 Juan Rojo                                                                                                           ICHEP2014, Valencia, 04/07/2014

 ( GeV )XM
210 310

G
lu

on
 - 

G
lu

on
 L

um
in

os
ity

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

1.25
)=0.118 - Ratio to NNPDF2.3

Z
(MS�LHC 13 TeV, 

NNPDF2.3
NNPDF3.0

)=0.118 - Ratio to NNPDF2.3
Z

(MS�LHC 13 TeV, 

 ( GeV )XM
210 310

Q
ua

rk
 - 

An
tiq

ua
rk

 L
um

in
os

ity

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

1.25
)=0.118 - Ratio to NNPDF2.3

Z
(MS�LHC 13 TeV, 

NNPDF2.3
NNPDF3.0

)=0.118 - Ratio to NNPDF2.3
Z

(MS�LHC 13 TeV, 

 ( GeV )XM
210 310

Q
ua

rk
 - 

Q
ua

rk
 L

um
in

os
ity

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

1.25
)=0.118 - Ratio to NNPDF2.3

Z
(MS�LHC 13 TeV, 

NNPDF2.3
NNPDF3.0

)=0.118 - Ratio to NNPDF2.3
Z

(MS�LHC 13 TeV, 

 PDF luminosities are useful to translate 
differences in PDFs into differences in LHC cross-
sections

 For quarks, luminosities are similar between 2.3 
and 3.0. Antiquarks in 3.0 at large masses are harder 
than in 2.3

 More differences for the gluon-gluon luminosity. 
NNPDF3.0 softer by about 1-sigma wrt NNPDF2.3 
for  M< 500 GeV: implications for Higgs production

gg qqbar

qq
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PDFs and LHC data MSTW

MSTW

Fit quality for LHC data at NLO. Data predicted very well (once small x issue with
uV , dV resolved - MSTW2008CPdeut).

data set Npts CPdeut no LHC prelim
ATLAS jets (2.76TeV+7TeV) 114 111.9 111.7 110.6
CMS jets (7TeV) 133 179.6 186.3 173.0
ATLAS W+,W−,Z 30 46.9 44.2 40.5
CMS W asymm pT > 35GeV 11 8.5 12.9 6.9
CMS asymm pT > 25GeV, 30GeV 24 8.6 16.7 7.1
LHCb Z → e+e− 9 13.2 12.7 12.3
LHCb W asymm pT > 20GeV 10 12.5 13.8 12.2
CMS Z → e+e− 35 20.8 19.9 22.7
ATLAS High mass DY 13 20.3 20.3 21.3
TeV, ATLAS, CMS σtt̄ 13 8.0 9.7 7.2

NLO prediction slightly better than NNLO for W ,Z data, fits similar. However, NNLO
much better for low mass Drell Yan data.
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PDFs and LHC data MSTW

Gluon at NLO

-10

-5

0

5

10

15

10
-5

10
-4

10
-3

10
-2

10
-1

NLO
NLOnoLHC (prelim)
NLOLHC (prelim)

x

percentage difference at Q2=10000GeV2

-10

-5

0

5

10

15

10
-5

10
-4

10
-3

10
-2

10
-1

NLO

NLOLHC (prelim)

x

error size at Q2=10000GeV2

Light quarks at NLO
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Change in NLO PDFs from all, including LHC data updates. No really significant change.
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PDFs and LHC data MSTW

Gluon at NNLO
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Strange+antistrange quark at NNLO
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Change in NNLO PDFs. Gluon uncertainty at high-x slightly greater than at NLO, but
do not include LHC jets at NNLO. Strange fraction and uncertainty increases. αS(M2

Z )
within 0.001 of previous results.
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HERA Runs I+II
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HERA Runs I+II
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HERA Runs I+II
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HERA Runs I+II
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Q2
min cut

● Dependence of chi2/dof on 
Q2

min cut
● Drop of chi2 with Q2

min cut

● Saturation around 10 GeV2

● Significant improvement of 
NLO compared to LO

● Marginal to no improvement 
of NNLO compared to NLO

● NLO behavior similar in 
HERAI and HERAI+II

Setting Qmin too high comes at the expense of constraining

Dependence of fit quality on Q2
cut . Not yet clear if present in global fits.
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HERA Runs I+II
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16

HERAPDF2.0 with Q2
min= 3.5 GeV2 and 10 GeV2

● At low-x gluon and sea 
● greater uncertainty for Q2

min = 10 GeV2 & small shift of shape 

● At large x gluon, sea and valence similar

NLO                            NNLONLO                            NNLO
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New methodologies Randomly distributed ”Hessian” PDF sets

Randomly distributed ”Hessian” PDF sets
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New methodologies Randomly distributed ”Hessian” PDF sets
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New methodologies Randomly distributed ”Hessian” PDF sets

Can combine different PDF sets, e.g. comparison to PDF4LHC prescription.

Slightly smaller uncertainty and shifted central value if disagreement between individual
predictions. (Plot by G. Watt).
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New methodologies Meta PDFs

Meta PDFs

Fit each of the PDFs, including
uncertainty sets, to a common
functional form at a particular scale.

Check that both central values and
uncertainties of original PDFs are
reproduced.

Take collection of equal numbers of
CT10, MSTW, and NNPDF randomly
distributed sets.

Fit average and uncertainty to same
common parameterisation.

Diagonalise Covariance matrix and
remove some redundant eigenvectors.

Produce META PDF set with 50
eigenvectors.
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New methodologies Meta PDFs

Comparison of META PDFS with 90% confidence level uncertainties to central values of
a variety of PDF sets with αS(M2

Z ) = 0.118. Could be used as more convenient basis for
results with combination.
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Jet data @ NNLO

Jet data @ NNLO

For Tevatron data use approximate “threshold” corrections (Kidonakis and Owens),
∼ 10% positive correction.

LHC corrections very similar for highish x probed at the Tevatron, but blow up when
low x probed at the LHC, i.e. far from threshold.
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Threshold Corrections for ATLAS and D0 inclusive jets

ATLAS y<0.3
ATLAS 0.3<y<0.8
ATLAS 0.8<y<1.2
ATLAS 1.2<y<2.1
ATLAS 2.1<y<2.8
ATLAS 2.8<y<3.5
ATLAS 3.5<y<4.4

D0 y<0.4
D0 0.4<y<0.8
D0 0.8<y<1.2
D0 1.2<y<1.6
D0 1.6<y<2.0
D0 2.0<y<2.4

Recent repeat of threshold calculations Kumar, Moch (arXiv:1309.5311) and
comparison to exact NLO results for different jet radius R.

Big variation with R at NLO and threshold calculation which has no R dependence
matches best with R ∼ 0.3− 0.4.
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Jet data @ NNLO

Very recent improved calculation from de Florian et al. (arXiv:1310.7192) has built
in R dependence.

Shows correct variation at NLO but little extra R dependence at NNLO. Still has
problems at low pT .
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Jet data @ NNLO

Project of full NNLO calculation (Gehrmann-de-Ridder, Gehrmann, Glover and
Pires) nearing completion. Some indications of full form of the correction.

Appears to be fairly similar to “threshold” correction near threshold, now verified by
de Florian et al..

Overall ∼ 5− 20% positive correction growing at lower pT .
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Conclusions

Conclusions

Baseline tests of several PDFs

Ongoing inclusion of most relevant published LHC data: ATLAS, CMS, LHCb W ,Z
rapidity data, tt̄–cross section data and all published ATLAS and CMS inclusive jet
data (don’t include these as default at NNLO). Fit good with no PDF conflicts.

Effects of LHC data: So far few dramatic effects on PDFs. Mainly strange quark
(and mainly at NNLO) and low-x valence quarks, largely due to change in
methodology, but also to newer data. Larger strange uncertainty from branching
ratio error.

In the forseeable future:
inclusion of combined HERA RUN I+II data (preliminary studies done by HERAPDF)
inclusion of jet data @ NNLO, as soon as the full calculation is ready.
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Fit quality for LHC data at NNLO. Jet data not fitted but quality checked using
“smaller” K -factor.

data set Npts CPdeut no LHC prelim
ATLAS jets (2.76TeV+7TeV) 114 (113.7) (128.9) (112.8)
CMS jets (7TeV) 133 (184.9) (181.3) (181.3)
ATLAS W+,W−,Z 30 76.8 57.1 40.1
CMS W asymm pT > 35GeV 11 21.4 18.1 9.0
CMS asymm pT > 25GeV, 30GeV 24 18.5 16.6 10.8
LHCb Z → e+e− 9 20.9 20.5 20.0
LHCb W asymm pT > 20GeV 10 24.1 21.5 13.5
CMS Z → e+e− 35 31.0 28.8 19.2
ATLAS High mass DY 13 17.9 16.5 17.8
TeV, ATLAS, CMS σtt̄ 13 8.0 11.2 6.5

Large improvement in
ATLAS W ,Z data, mainly from strange quark
CMS Z → e+e− data
(to some extent) CMS W asymm. and LHCb W+,W− data.

CMS Z → e+e− data constrains a gluon eigenvector and CMS W asymm. data
some flavour decomposition.



Fit quality for LHC data at NNLO. Jet data not fitted but quality checked using
“larger” K -factor

data set Npts CPdeut no LHC prelim
ATLAS jets (2.76TeV+7TeV) 114 (134.1) (144.7) (129.2)
CMS jets (7TeV) 133 (191.3) (187.6) (189.6)
ATLAS W+,W−,Z 30 76.8 57.1 40.1
CMS W asymm pT > 35GeV 11 21.4 18.1 9.0
CMS asymm pT > 25GeV, 30GeV 24 18.5 16.6 10.8
LHCb Z → e+e− 9 20.9 20.5 20.0
LHCb W asymm pT > 20GeV 10 24.1 21.5 13.5
CMS Z → e+e− 35 31.0 28.8 19.2
ATLAS High mass DY 13 17.9 16.5 17.8
TeV, ATLAS, CMS σtt̄ 13 8.0 11.2 6.5

ATLAS jet data deteriorates more than CMS. Difficult to guess relative size of
K -factor at two different energies.



HERA DIS data constrains many gross features, e.g. gluon, sea normalisation.

Dimuon data constrains most of the 10 strange eigenvectors.

Fixed target Drell Yan all d̄ − ū differences, and high-x sea.

Tevatron and now LHC data constrain flavour separation and some constraint on
gluon.



1-loop threshold
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Compatible with existing full results.

Here at NLO ratio for R = 0.7 to R = 0.4 is 1.25 but shrinks to 1.06 at NNLO.



Gluon at NNLO
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Strange+antistrange quark at NNLO
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Change in NNLO PDFs from all, including LHC data updates. Gluon uncertainty at
high-x slightly greater than at NLO.
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