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Theoretical framework
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The data 
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Figure 1
The kinematical coverage of the experimental data used in the NNPDF2.3 (111) parton distribution
function determination.

include the older separate data from H1 and ZEUS; ABM11 includes combined HERA I data, but
only with the cut Q2 < 1,000 GeV2; and HERAPDF1.5 also includes the preliminary combined
HERA II–inclusive data (39). Figure 1 shows the kinematical coverage of the NNPDF2.3 data
set; the x and Q2 values shown were determined by use of LO parton kinematics.

As discussed in Section 2, various alternative choices are possible in PDF determination in terms
of both theory and methodology. Table 3 summarizes the main choices that underlie the PDF
sets we consider here. All the sets are now available at NLO and NNLO, and all but HERAPDF
also have an LO version, although (as mentioned in Section 2.1.3) LO PDFs are often optimized
for use with Monte Carlo event generators, so we do not discuss them further. The number of
independently parameterized PDFs varies among seven (the three lighter quarks and antiquarks
and the gluon), six (the total strangeness is independently parameterized, but not the strange and
antistrange quarks separately), and five (strangeness is not fitted and is assumed to be a fixed fraction
of the sea). The methodology for uncertainty representation and determination is Hessian and is
based on a parameterization of the form of Equation 23 for all groups except NNPDF, which uses
a Monte Carlo representation based on a neural network parameterization (see Section 2.2). To
determine confidence levels, CT and MSTW use dynamical tolerance (recall Section 2.2), JR uses
simple tolerance, HERAPDF uses !χ2 = 1 (but supplements it with an estimate of model and
parameterization uncertainties), and ABM simply uses !χ2 = 1. In each case, the total number
of free parameters at NNLO is as given in Table 3; the number of parameters at NLO is the
same for all groups except CT10, which at NLO has 26 parameters, and HERAPDF1.5, which at
NLO has only 10 parameters. MSTW08 uses 28 free parameters for the determination of the best
fit, 8 of which are fixed when determining uncertainties. JR09 introduces the further “dynamical”
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Early analysis on W/Z 2010 data
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Jets and photons
The data span a large kinematic 
range

Advanced perturbative 
calculations are available

Sensitivity to the gluon 
parton distribution 
function
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Di-jet cross sections
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Di-jet cross sections
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Inclusive photons
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Gluon Compton scattering dominates the prompt photon cross section

Sensitivity to the gluon parton density function Benefits from a cleaner 
experimental 

environment compared 
to jet cross section 

measurements

PDFs studies with jets and photonsPhys. Rev. D 89, 052004 (2014) ATL-PHYS-PUB-2013-018 

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.052004
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Table 1: The �2 values evaluated between the measured cross section and the NLO predictions from
MCFM using di↵erent PDF sets. Shown are the central values using the nominal scales, µr = µ f = E�T
together with the envelope of the maximum and minimum �2 values found by varying both µr and µ f
between E�T/2 and 2E�T independently. For each PDF the �2 values for the central scale, and the envelope
are shown separately for the cases both including, and excluding the PDF uncertainties. The number of
degrees of freedom is 23.

Excluding PDF uncertainties Including PDF uncertainties
µr = µ f = E�T Envelope µr = µ f = E�T Envelope

CT10 49.1 34.7 - 63.1 29.8 20.0 - 38.4
MSTW2008 39.9 27.2 - 52.7 32.0 21.3 - 42.3
ABM11 5N 16.2 9.2 - 25.5 15.7 8.9 - 24.9
HERAPDF1.5 28.7 19.0 - 38.9 23.6 15.7 - 32.0
NNPDF2.3 33.5 22.6 - 44.7 27.6 18.7 - 36.9

Table 2: The �2 values evaluated between the measured cross section and JetPhoxNLO predictions using
di↵erent PDF sets with di↵erent choices for ↵EM; fixed and 1-loop running. Shown are values using the
nominal scales, µr = µ f = E�T. The fragmentation scale was also set to E�T. The �2 values including PDF
uncertainties are shown in parentheses. The number of degrees of freedom is 23.

↵EM = 1/137 1-loop running ↵EM

CT10 52.6 (33.4) 44.9 (26.5)
MSTW2008 39.3 (32.3) 33.2 (25.9)
ABM11 5N 20.5 (20.2) 11.2 (11.1)
HERAPDF1.5 37.7 (32.6) 33.1 (27.5)
NNPDF2.3 39.5 (33.1) 37.3 (30.7)
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Inclusive photons
NLO predictions derived 
with MCFM and 
JETPHOX

Validated the use of 
MCFM for fast NLO 
calculation against 
JETPHOX

The use on the ATLAS 
inclusive photon data 
could improve the 
determination of the 
gluon density at high-x
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Gauge bosons
Clean experimental signatures 

Advanced theoretical predictions

Probing quarks and photon 
density functions

13
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PDFs studies with gauge bosonsPhys Lett B 725 223 (2013) arXiv:1407.3643
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Low mass Drell-Yan
Prediction combining NNLO QCD + NLO EW +  P.I. provides the 
best description of the data

NLO QCD calculation provides a poor description of the data at 
low di-lepton invariant mass
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Nominal analysis [26-66 GeV] Extended analysis [12-66 GeV]

http://link.springer.com/article/10.1007/JHEP06(2014)112%20
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Low mass Drell-Yan
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High mass Drell-Yan
Drell-Yan at high mass as a 
possible probe of the quark 
density functions at high-x

Measurement statistically 
limited for mee>400 GeV

Photon induced corrections 
have to be included in order 
to use these data in future 
PDFs analyses

These data have been used 
for the first fit to the photon 
PDF (NNPDF 
Collaboration, arXiv:
1308.0598 [hep-ph].)

16

310
 [p

b/
G

eV
] (

Bo
rn

)
ee

dm
σd

-610

-510

-410

-310

-210

-110
Data
Sys. uncertainty

Total uncertainty

ATLAS

-1 L dt = 4.9 fb∫ = 7 TeV,  s
| < 2.5η > 25 GeV, |

T
electron p
1.8 % luminosity uncertainty not included

116 1500

 [GeV]eem

200 300 400 1000

Th
eo

ry
/D

at
a

0.6
0.8

1
1.2
1.4

 [GeV]eem

200 300 400 1000

Th
eo

ry
/D

at
a

0.6
0.8

1
1.2
1.4

) + scale + PI unc.sαMSTW2008 with 68% CL (PDF +   

MSTW2008 w/o PI corrections

) + scale unc.sαMSTW2008 with 68% CL (PDF +   

HERAPDF1.5 CT10 ABM11 NNPDF2.3

PDFs studies with gauge bosonsPhys Lett B 725 223 (2013)

http://inspirehep.net/search?p=find+eprint+1308.0598
http://inspirehep.net/search?p=find+eprint+1308.0598
http://inspirehep.net/search?p=find+eprint+1308.0598
http://inspirehep.net/search?p=find+eprint+1308.0598
http://inspirehep.net/search?p=find+eprint+1308.0598
http://inspirehep.net/search?p=find+eprint+1308.0598
http://www.sciencedirect.com/science/article/pii/S0370269313006138
http://www.sciencedirect.com/science/article/pii/S0370269313006138


Nicola Orlando - Bologna, September 08-12 2014

 a                                                                                                                                                                                                                                    

(Zb) [pb]σ

0 1 2 3 4 5 6

 (stat.)-1 = 7 TeV, 4.6 fbsData 
syst.)⊕ (stat.-1 = 7 TeV, 4.6 fbsData 

NLO
 MSTW2008⊗MCFM 
 CT10⊗MCFM 
 NNPDF2.3⊗MCFM 

 MSTW2008⊗aMC@NLO 4FNS 
 MSTW2008⊗aMC@NLO 5FNS 

LO multileg
 CT10⊗SHERPA 

 CTEQ6L1⊗ALPGEN+HJ 

ATLAS
1 b-jet≥Z+

0 0.5 1 1.5 2 2.5

 [p
b]

d(
|y

(Z
)|)

(Z
b)

σd

0.5

1

1.5

2

2.5

3

3.5

4

4.5
-1 = 7 TeV, 4.6 fbsData 

 MSTW2008⊗MCFM 
 NNPDF2.3⊗MCFM 
 CT10⊗MCFM 

ATLAS 1 b-jet≥Z+

|y(Z)|
0 0.5 1 1.5 2 2.5

D
at

a
N

LO

0.8
1

1.2

1.4

Associated production of b-jets and a Z boson
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6.2 theoretical description of b–jet production in association with a Z boson 129
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Figure 65: Representative Feynman diagrams for Z+ b (top) and Z+ bb (bottom) produc-
tion including the leading tree–level diagram for Z+ b production in the 4FNS
(a) and 5FNS (b) as described in the text. Notice that the diagram in (a) is the
same as in (d) but with the latter producing two b–quarks inside the acceptance.

ment can be defined in the massive b–quark approximation or in the simplified
assumption of massless quark. On the other hand, in the 5FNS the b–quark parton
distribution funtion is calculated from the gluon density DGLAP evolution above
the b–quark mass threshold and describing the b–quark as a massless parton (zero
mass variable flavor number scheme, ZM–VFN) or taking the b–quark as massive
(general mass variable flavor number scheme, GM–VFN) but generating it only
above the b–quark mass scale. Correspondingly, the b–quark can be taken as mass-
less or massive in the QCD matrix element calculation. An example of Feynman
diagrams for the Z+ b production in 5FNS is presented in Fig. 65 (b). The produc-
tion of b–quark pair in association with a Z boson is dominated by two distinct
production modes shown in Fig. 65 (c-d) with quark pairs qq or gluon pairs gg in
the initial state where, in particular, the qq initial state includes bb if the 5FNS is

5FNS 5 Flavour 
Number Scheme

PDF variations affecting mostly the total normalisation
The differences between PDFs is not covered by the PDF 

uncertainties

NLO QCD predictions 
with PDF variations 
derived with MCFM

b-quark PDF?

Currently not 
directly 

constrained 
with data(*)

PDFs studies with gauge bosonsarXiv:1407.3643

(*) Heavy flavour production at HERA could offer similar sensitivity to b-quark PDF

http://arxiv.org/abs/1407.3643
http://arxiv.org/abs/1407.3643
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W+charm

18
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PDF variation affecting mostly 
the total cross section

W++charm / W-+charm 
sensitive to the s-s asymmetry
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http://link.springer.com/article/10.1007/JHEP05(2014)068
http://link.springer.com/article/10.1007/JHEP05(2014)068


Nicola Orlando - Bologna, September 08-12 2014

 a                                                                                                                                                                                                                                    

W+charm
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Using (differential) fiducial W+charm cross 
sections to constrain the strange quark PDFs

Adding the ATLAS W
+charm data on top of 

the HERA1.5 data

Results consistent with the 
ATLAS-epWZ12 PDFs

Confirming “unsuppressed 
strangeness” scenario 

PDFs studies with gauge bosonsJHEP 05 068 (2014)
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Top quark production
Using the tt as a probe of the gluon density function?

How well the QCD predictions describe the data?

tt cross section measured as a function of the tt invariant mass

The calculations are not able to describe the data at high 
invariant mass

20
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Top pair 
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NLO EW corrections are not 
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Summary
First PDFs fits have been performed in ATLAS by 
using jet, W/Z and W+charm data

Improving knowledge on the gluon density function 
at high-x and strange quark PDF

Several other studies of PDFs sensitivity with Run 1 
data have been performed 

Inclusive photon data and tt cross section exhibit 
good potential to further constrain the gluon 
density

Evaluating the feasibility of a “global” fit 
including the ATLAS data

22
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Simultaneous measurement of tt, Z(→ττ) and WW

Spread in the tt cross section predictions obtained 
from different parton distribution functions

Consistent with dedicated tt cross section 
measurements

24
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t-channel single top
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