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Ø W and Z at 7 TeV 4.6 fb-1 precision measurement - arXiv:1612.03016
Ø Provides the ATLASepWZ16 PDFs - available in LHAPDF

Ø Top data at 8 TeV - arXiv:1511.04716 and arXiv:1607.07281
Ø Fit including W,Z and top data à ATLAS epWZtop18 - available in LHAPDF
Ø ATLS-PHYS-PUB-2018-017

Ø W charge asymmetry at 8 TeV 20.2 fb-1 - arXiv:1904.05631

Ø Triple differential Z cross section (Z3D) at 8 TeV - arXiv:1710.05167 

Ø Direct-photon production at 8 and 13 TeV - arXiv:1901.10075 
Ø NNLO predictions are available, but not NNLO grids yet 

Ø Jets 7, 8, 13 TeV inclusive - arXiv:1304.4739, arXiv:1706.03192 and arXiv:1711.02692
Ø High 𝜒" for NLO fits when correlations between rapidity bins are used
Ø Decorrelation models explored and recommendations allow 𝜒" /ndp ~ 260/149 for 

8 TeV – Chris Young's talk at DIS19
Ø NLO APPLgrids are available – waiting for NNLO jet grids

Ø Photon + heavy flavour - arXiv:1710.09560
Ø New data analysis on 8 TeV data is now published 
Ø Photon + charm is not very discrimination for intrinsic charm
Ø 𝛾 + b favours 5F not 4F schemes 

https://cds.cern.ch/record/2633819/files/ATL-PHYS-PUB-2018-017.pdf
https://indico.cern.ch/event/749003/contributions/3347290/attachments/1827591/2991546/Presentation.pdf
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Ø W+jets 8 TeV data - arXiv:1711.03296
Ø Fit available and sent to DIS19 - epWZWjets19
Ø ATL-PHYS-PUB-2019-016
Ø NNLO cross section is available for this in NNLOJET (arxiv:1712.07543) à grids will 

become available at some point 

Ø Z+jets and possibly Z(pT) at 8 TeV - arXiv:1907.06728 
Ø Include them in a fit with the W+jets data - epWZVjets20 out soon
Ø NNLO predictions are available in NNLOJET (arxiv:1507.02850) – much better 

agreement than at NLO 

Ø W/Z + heavy flavour 
Ø New data analysis coming through the system: W+c and W+D* at 13 TeV
Ø Unclear how to properly include fragmentation in a theoretically consistent manner

Ø Z+jets and Z(pT) at 13 TeV - arXiv:1702.05725 and arXiv:1912.02844
Ø Pythia8 predictions with parameters tuned to 7 TeV data describe the 13 TeV data 

very well at low pT
Ø Fixed-order NNLOJET predictions with and without NLO EW effects describe data 

very well in the high-pT regime

Ø Top data at 13 TeV - arXiv:1908.07305 and arXiv:1910.08819
Ø Lepton+jets and dilepton already available 
Ø Fully hadronic final state data should be available really soon

https://glance.cern.ch/atlas/analysis/pubnotes/details%3Fid=3904
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Figure 5: The W boson charge asymmetry as a function of absolute muon pseudorapidity. The data are presented
with systematic and total uncertainties (the data statistical uncertainties are smaller than the size of the markers). In
the left plot, the data are compared with the prediction from DYNNLO in which the CT14 NNLO PDF set is used.
The DYNNLO prediction is also shown with its associated total theoretical uncertainty, along with the component
from the PDF set. In the right plot, the data are compared with the central prediction from DYNNLO produced using
a selection of PDFs. The statistical uncertainties of the DYNNLO predictions are indicated by error bars. The ratios
of the data to the corresponding prediction are shown in the lower panels.
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W asymmetry
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Figure 6: The combined Born-level fiducial cross section d2�/dm``d|y`` | in the seven invariant mass bins of the
central measurements. The data are shown as solid markers and the prediction from Powheg including NNLO QCD
and NLO EW K-factors is shown as the solid line. The lower panel shows the ratio of prediction to measurement.
The inner error bars represent the data statistical uncertainty and the solid band shows the total experimental un-
certainty. The contribution to the uncertainty from the luminosity measurement is excluded. The hatched band
represents the statistical and PDF uncertainties in the prediction.
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Figure 65: Parton-level absolute di�erential cross-sections as a function of (a) mt t̄ , (b) pt t̄T and (c) yt t̄ in the resolved
topology. The results are compared with NNLO QCD and NNLO QCD+NLO EW theoretical calculations using
the NNPDF3.1 and LUXQED17 PDF sets. The vertical bars on each marker represents the total uncertainty in the
prediction. The solid line is the nominal NLO P�����+P�����8 prediction. The bands represent the statistical and
total uncertainty in the data. Data points are placed at the centre of each bin. The lower panel shows the ratios of the
predictions to data. The binning adopted in these distributions is the same used in a recent measurement from the
CMS collaboration [21].
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𝒕𝒕̅ at 13 TeV
arXiv:1908.07305

0 5 10 15 20 25 30

0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08]-1

 [G
eV

ll T
/d

p
σ

 d
σ

1/

Linear Scale

ATLAS
-1=13 TeV, 36.1 fbs

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08 Logarithmic Scale

Data
Sherpa v2.2.1

LL3RadISH+NNLOjet NNLO+N
Powheg+Pythia8 (AZNLO tune)
Pythia8 (AZ-Tune)

0 5 10 15 20 25 30
0.85
0.9

0.95
1

1.05
1.1

1.15

M
C 

/ D
at

a

 [GeV]ll
Tp

0.85

0.9

0.95

1

1.05

1.1

1.15

0 100         300       900

2−10 1−10 1
η

*Φ

4−10

3−10

2−10

1−10
1

10

210

310

410η*φ
/d

σ
 d

σ
1/

Data
Sherpa v2.2.1
Powheg+Pythia8 (AZNLO tune)
Pythia8 (AZ-Tune)

ATLAS
-1=13 TeV, 36.1 fbs

2−10 1−10 1 φ*�
η

0.85
0.9

0.95
1

1.05
1.1

1.15

M
C 

/ D
at

a
Figure 5: Comparison of the normalized p

``
T (left) and �⇤⌘ (right) distributions predicted by di�erent computations:

P�����8 with the AZ tune, P�����+P�����8 with the AZNLO tune, S����� v2.2.1 and R��ISH (only for p
``
T )

with the Born level combined measurement. The uncertainties of the measurement are shown as vertical bars and
uncertainties of the S����� and R��ISH predictions are indicated by the coloured bands.

constraint of 0.5  µ�/µ�  2 around the nominal value of m`` . The deviation from the FEWZ calculation
is taken as an intrinsic uncertainty in the NNLO QCD calculation. A more detailed discussion of the
agreement with theory predictions using di�erent PDF sets is given in Ref. [69].

The di�erential measurements are compared with a variety of predictions of the p
``
T and �⇤⌘ spectra that

are based on di�erent theoretical approaches to take into account both the soft and hard emissions from
the initial state (ISR). Unless stated otherwise, the predictions do not consider NLO EW e�ects. The
comparisons between the combined result corrected to QED Born level and the various predictions are
shown in Figures 5 and 6. Systematic uncertainties in the theoretical predictions are evaluated for this
comparison where feasible.

The first prediction is obtained from P�����8 with matrix elements at LO in ↵S supplemented with a
parton shower with the AZ set of tuned parameters [22]. The AZ tune optimized the intrinsic kT and
parton shower ISR parameters to optimally describe the ATLAS 7 TeV p

``
T and �⇤⌘ data [22, 77]. It was

later used in the measurement of the W-boson mass using 7 TeV data [20], which requires a high-precision
description of the W-boson transverse momentum spectrum at low pT.

The second prediction is based on P�����+P�����8 using NLO matrix elements with the P�����8 parton
shower parameters set according to the AZNLO tune [22] derived using the same data as the P�����8 AZ
tune. The predictions using the AZ and AZNLO tunes describe the 13 TeV data to within 2–4% in the
region of low p

``
T < 40 GeV and �⇤⌘ < 0.5, and in this region the prediction using the P�����8 AZ tune is

the one that agrees best with the data. This shows that predictions based on tunes to 7 TeV collision data
can also provide a good description at significantly higher centre-of-mass energies for low p

``
T . At high

p
``
T these predictions are well below the data due to missing higher-order matrix elements, similar to the

situation observed at lower
p

s.

The third prediction is simulated with the S����� v2.2.1 [18] generator. In this set-up, NLO-accurate
matrix elements for up to two partons, and LO-accurate matrix elements for up to four partons are calculated
with the Comix [78] and OpenLoops [79, 80] libraries. The default S����� parton shower [81] based on
Catani–Seymour dipole factorisation and the cluster hadronization model [82] is used with the dedicated

14

phase space considered. Thus, the significant reduction of the experimental and theoretical uncertainties
in R�13/8 allows a more stringent test of NLO QCD. The overall level of agreement between data and
the NLO QCD predictions based on several parameterisations of the proton PDFs within these reduced
uncertainties validates the description of the evolution of isolated-photon production in pp collisions with
the centre-of-mass energy.
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Figure 6: The measured R�13/8 (dots) as a function of E�T in di↵erent regions of |⌘�|. The NLO QCD predictions based
on the MMHT2014 PDFs (black lines) are also shown. The inner (outer) error bars represent the statistical (total)
uncertainties. The shaded band represents the theoretical uncertainty in the predictions. For most of the points, the
error bars are smaller than the marker size and, thus, not visible. The lower part of the figures shows the ratio of the
NLO QCD predictions based on the MMHT2014 PDFs to the measured R�13/8 (black lines). The ratios of the NLO
QCD predictions based on di↵erent PDF sets to the measured R�13/8 are also included.
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13/8 TeV photon ratio
arxiv:1901.10075Z pT at 13 TeV

arXiv:1912.02844
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Ø DIS HERA data are the backbone of ATLAS PDF fits – we add ATLAS 
measurements on top of them

Ø LHC cross sections from fastNLO and APPLgrid
Ø NNLO QCD accuracy achieved via kF, or NNLO grids from fastNLO

Ø PDF parametrisation:

Ø Additional constraints for the central fit from sum rules

Ø 𝐴'( = 𝐴*+, 𝐵 ̅- = 𝐵'( = 𝐵 *+, with 𝐴 ̅- and 𝐶 ̅- free, 𝐶/0 = 25.0 and 𝑠 𝑥 = 𝑠̅(𝑥)

Ø Central fits with 16 parameters with 𝛼6 = 0.118 and 𝑄8" = 1.9 GeV2

• Fits are performed including DIS data from HERA 
• The xFitter† package and Oxford PDF fitting code used, with LHC cross sections reproduced using fastNLO and APPLgrid 

• Currently NNLO corrections included as K-factors, or as NNLO grids for lepton+jet top production
• Parameterisation …

• Mostly, additional constraints for the central fit from sum rules, and also                   and                             ,  with         and        free 
parameters,  with                       and          >>         ( some constraints relaxed for the model uncertainty )

• This yields a 16 parameter central fit using a fixed strong coupling and a starting scale of Q2 = 1.9 GeV2

• NB: Greyed out parameters varied as part of the model dependency systematics or checks, in addition to allowing some of the central fit 
contained parameters to vary independently 

M Sutton - Status of the proton PDF from ATLAS

ATLAS parameterisation

7

†xFitter program, www.xfitter.org;  S. Alekhin et al. Eur. Phys. J. C 75 (2015) 304, arXiv: 1410.4412 [hep-ph]
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W+jets data at 8 TeV
26/02/20 Francesco Giuli - francesco.giuli@cern.ch 6

Ø QCD fit to W+jets at 8 TeV data added on top of DIS data from HERA and the 
W,Z data at 7 TeV

Ø Some differences and improvements wrt the ATLAS epWZ16 fit to 
accommodate or exploit the new data:
Ø More parameter variations and extended central parametrisation, consistent with 

ATLAS epWZtop18 fit
Ø The new fit uses the W,Z data at 7 TeV before the combination (electron and muon 

decay channel uncombined) in order to correlate common sources of systematic 
uncertainties to those of the  W+jets data

Ø Variation of the minimum 𝑄" selection of 10 GeV2 (rather than 7.5 Gev2) to exclude 
the low-Q2, low-x HERA data which may be more adversely affected by large-logs, 
higher twist effects etc.

Ø NNLO corrections included as k-factors

Ø ATL-PHYS-PUB-2019-016

Ø Ongoing effort to include Z+jets data at 8 TeV
in the same QCD fit - epWZVjets20 fit out soon

https://glance.cern.ch/atlas/analysis/pubnotes/details%3Fid=3904


Fit quality
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Ø Fits including the W+jets data showing no 
tension with the HERA data or inclusive 
W,Z data

Ø Slightly better 𝜒" when including the 𝑝:;
spectrum

Ø New PDF fit released: ATLAS epWZ-Wjets19

Ø Clear improvements in the description of 
the data in the large-𝑝: region with the 
new fits

ATL-PHYS-PUB-2019-016

https://glance.cern.ch/atlas/analysis/pubnotes/details%3Fid=3904


New fits results
26/02/20 Francesco Giuli - francesco.giuli@cern.ch 8

Compared to ATLAS epWZ16 fit:
Ø Softer 𝑑= at medium-x 
Ø Harder 𝑑̅
Ø Softer strange PDF at high-x

Ø 𝑢-quark and gluon distributions 
essentially unchanged
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Figure 3: PDFs obtained for the valence quarks (a)-(b), up and down sea quarks (c)-(d), strange sea quark (e) and
gluon (f), when fitting W + jets, inclusive W, Z and HERA data, compared to a similar fit without W + jets data.
Inner error bands indicate the experimental uncertainty, while outer error bands the total uncertainty, including
parameterisation and model uncertainties. The fit using W + jets p

W
T data is displayed with hashed uncertainty

bands, while the fit without is displayed using solid uncertainty bands.

Uncertainties

Fit rs Experimental Model Parameterisation

ATLASepWZ16 1.19 0.07 0.02 +0.02
�0.10

ATLASepWZ19U 1.16 0.05 +0.04
�0.19

+0.17
�0.24

ATLASepWZ19U + p
W
T 0.99 0.04 +0.04

�0.05
+0.02
�0.11

ATLASepWZ19U + p
leading
T 1.04 0.04 +0.05

�0.07
+0.02
�0.13

Table 4: Fitted rs values, evaluated at x = 0.023 and Q
2 = 1.9 GeV2, for each of the investigated fits compared to

the ATLASepWZ16 and ATLASepWZ19U results.

proton beam incident on liquid hydrogen and deuterium target found the proton x(d̄ � ū) distribution
to be positive at high x, peaking at x(d̄ � ū) ⇠ 0.04 at x ⇠ 0.1 [12]. In contrast, the ATLASepWZ16
PDF set gives a slightly negative central value for x(d̄ � ū), with its lowest value at x ⇠ 0.1, though the
uncertainties are large enough that it is compatible with zero within two standard deviations.
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Figure 3: PDFs obtained for the valence quarks (a)-(b), up and down sea quarks (c)-(d), strange sea quark (e) and
gluon (f), when fitting W + jets, inclusive W, Z and HERA data, compared to a similar fit without W + jets data.
Inner error bands indicate the experimental uncertainty, while outer error bands the total uncertainty, including
parameterisation and model uncertainties. The fit using W + jets p

W
T data is displayed with hashed uncertainty

bands, while the fit without is displayed using solid uncertainty bands.

Uncertainties

Fit rs Experimental Model Parameterisation

ATLASepWZ16 1.19 0.07 0.02 +0.02
�0.10

ATLASepWZ19U 1.16 0.05 +0.04
�0.19

+0.17
�0.24

ATLASepWZ19U + p
W
T 0.99 0.04 +0.04

�0.05
+0.02
�0.11

ATLASepWZ19U + p
leading
T 1.04 0.04 +0.05

�0.07
+0.02
�0.13

Table 4: Fitted rs values, evaluated at x = 0.023 and Q
2 = 1.9 GeV2, for each of the investigated fits compared to

the ATLASepWZ16 and ATLASepWZ19U results.

proton beam incident on liquid hydrogen and deuterium target found the proton x(d̄ � ū) distribution
to be positive at high x, peaking at x(d̄ � ū) ⇠ 0.04 at x ⇠ 0.1 [12]. In contrast, the ATLASepWZ16
PDF set gives a slightly negative central value for x(d̄ � ū), with its lowest value at x ⇠ 0.1, though the
uncertainties are large enough that it is compatible with zero within two standard deviations.

12

ATL-PHYS-PUB-2019-016

https://glance.cern.ch/atlas/analysis/pubnotes/details%3Fid=3904


Main outcome of the fit
26/02/20 Francesco Giuli - francesco.giuli@cern.ch 9

Ø Including the W + jet data reduces the 
strange density at higher-x… But still 
consistent with enhanced strange at low-x!

Ø New fit with the W + jet data results in the 
new 𝒙('𝒅 − '𝒖) to be positive

Ø Much more consistent with the fits from the 
global fitters (previous ATLASepWZ16 fit 
showed a negative 𝑥(𝑑̅ − *𝑢))
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Figure 5: The Rs distribution, evaluated at Q
2 = 1.9GeV2, determined from (a) fitting the W + jets data as a function

of p
W
T in comparison to p

leading
T , (b) fitting the W + jets data as a function of p

W
T in comparison to the similar fit

without W + jets data, and (c) the obtained ATLASepWZWjet19 fit corresponding to the fit with W + jets data in
the p

W
T spectrum. In (a) and (b), uncertainties in the PDFs are displayed as inner and outer bands for experimental

and total uncertainties, respectively. In (c), the uncertainty bands are displayed split in to the experimental, model
and parameterisation uncertainties.
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ATLAS ’global’ fit
26/02/20 Francesco Giuli - francesco.giuli@cern.ch 10

Ø Fit to complement the current V+jets and recent top fits

Ø ‘Global’ in the sense of multiple ATLAS data sets – NO data from multiple LHC 
experiments 

Ø Attempt to simultaneously fit as many useful ATLAS data sets as possible
Ø HERA data for constraining low-x and Q2  region
Ø LHC data provide stronger constraints at higher x and Q2

Ø Time scale: aiming for the end of 2020 or shortly after

Ø So far, on top of the epWZtop18 fit (ATLS-PHYS-PUB-2018-017) we added:
Ø W+jets at 8 TeV - arXiv:1711.03296
Ø Z+jets at 8 TeV - arXiv:1907.06728
Ø Z3D asymmetry and cross section - arxiv:1710.05167
Ø W asymmetry at 8 TeV - arXiv:1904.05631
Ø W,Z data at 2.76, 5.02 TeV - arXiv:1907.03567, arXiv:1810.08424
Ø 13/8 TeV photon ratios - arxiv:1901.10075
Ø Top data at 13 TeV (lepton+jets decay channel) - arXiv:1908.07305
Ø HERA inclusive and dijets data 

https://cds.cern.ch/record/2633819/files/ATL-PHYS-PUB-2018-017.pdf


Including jet data in the global fit
26/02/20 Francesco Giuli - francesco.giuli@cern.ch 11

Ø We would like to include jet data in the ATLAS global fit

Ø Previous attempts in 2017 appeared extremely promising, but were stymied by 
systematics

Ø Each 𝜂 region could be fitted separately, but 𝜒" poor when including all the 
regions due to correlated 𝜂 inter-calibration

M Sutton - Status of the proton PDF from ATLAS

Including the jet data in the global fit
• Planning to include the jet data in the QCD analysis 
• Previous attempts circa 2017 appeared extremely promising, but were stymied by the systematic uncertainties …

• Could fit each η region separately, but Chi2 including all regions was poor due to the correlated eta inter calibration
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• Since then there has been progress both in the systematic 
uncertainties and the jet cross section

• The Inclusive and dijet cross section at the LHC is now available 
at NNLO

• Some of the group are actively working on providing full NNLO 
grids for the jet cross section …
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Fig. 21 Momentum distributions of the (a) gluon xg(x) and (b) sea quarks xS (x) together with their relative experimental uncertainty as a function
of x for Q2 = 1.9 GeV2. The filled area indicates a fit to HERA data only. The bands show fits to HERA data in combination with both ATLAS
jet datasets, and with the individual ATLAS jet datasets separately, each for jets with R = 0.6. For each fit the uncertainty in the PDF is centred on
unity.

Ø Lots of progresses on both systematics 
and jet cross section since then

Ø Now inclusive and dijet cross section 
at LHC available at NNLO

arXiv:1304.4739



Jet data at 13 TeV
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Figure 11. Ratios of the NLO and NNLO pQCD predictions to the measured inclusive jet cross-
sections, shown as a function of the jet pT in six |y| bins for anti-kt jets with R = 0.4. The NLO
predictions are calculated using NLOJET++ with the MMHT 2014 NLO PDF set. The NNLO
predictions are provided by the authors of refs. [17, 18] using NNLOJET with pjetT as the QCD scale
and the MMHT 2014 NNLO PDF set. Non-perturbative and electroweak corrections are applied to
the predictions. The NLO and NNLO uncertainties are shown by the coloured lines, including all
the uncertainties discussed in section 9. The grey bands show the total data uncertainty including
both the systematic (JES, JER, unfolding, jet cleaning, luminosity) and statistical uncertainties.
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Figure 12. Ratios of the NLO and NNLO pQCD predictions to the measured inclusive jet cross-
sections, shown as a function of the jet pT in six |y| bins for anti-kt jets with R = 0.4. The NLO
predictions are calculated using NLOJET++ with the MMHT 2014 NLO PDF set. The NNLO
predictions are provided by the authors of refs. [17, 18] using NNLOJET with pmax

T as the QCD scale
and the MMHT 2014 NNLO PDF set. Non-perturbative and electroweak corrections are applied to
the predictions. The NLO and NNLO uncertainties are shown by the coloured lines, including all
the uncertainties discussed in section 9. The grey bands show the total data uncertainty including
both the systematic (JES, JER, unfolding, jet cleaning, luminosity) and statistical uncertainties.
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M Sutton - Status of the proton PDF from ATLAS

Including the 13 TeV jet data

• The NNLO predictions agree with data much better than NLO
• Different scales - 2pTjet, HT(parton) -  may be better for the NNLO convergence, less sensitive to QCD scale variation - JHEP 10 (2018)155
• Hopefully even if the NNLO grids are not available, may be able to use NNLO K-factors in the fits - watch this space
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Figure 11. Ratios of the NLO and NNLO pQCD predictions to the measured inclusive jet cross-
sections, shown as a function of the jet pT in six |y| bins for anti-kt jets with R = 0.4. The NLO
predictions are calculated using NLOJET++ with the MMHT 2014 NLO PDF set. The NNLO
predictions are provided by the authors of refs. [17, 18] using NNLOJET with pjetT as the QCD scale
and the MMHT 2014 NNLO PDF set. Non-perturbative and electroweak corrections are applied to
the predictions. The NLO and NNLO uncertainties are shown by the coloured lines, including all
the uncertainties discussed in section 9. The grey bands show the total data uncertainty including
both the systematic (JES, JER, unfolding, jet cleaning, luminosity) and statistical uncertainties.
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sections, shown as a function of the jet pT in six |y| bins for anti-kt jets with R = 0.4. The NLO
predictions are calculated using NLOJET++ with the MMHT 2014 NLO PDF set. The NNLO
predictions are provided by the authors of refs. [17, 18] using NNLOJET with pmax

T as the QCD scale
and the MMHT 2014 NNLO PDF set. Non-perturbative and electroweak corrections are applied to
the predictions. The NLO and NNLO uncertainties are shown by the coloured lines, including all
the uncertainties discussed in section 9. The grey bands show the total data uncertainty including
both the systematic (JES, JER, unfolding, jet cleaning, luminosity) and statistical uncertainties.
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Ø NNLO predictions agree with data much better than NLO

Ø Hopefully even if NNLO grids are not available, we can use NNLO kF in the fits

JHEP 05 (2018) 195
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Figure 5: Comparison of the normalized p
``
T (left) and �⇤⌘ (right) distributions predicted by di�erent computations:

P�����8 with the AZ tune, P�����+P�����8 with the AZNLO tune, S����� v2.2.1 and R��ISH (only for p
``
T )

with the Born level combined measurement. The uncertainties of the measurement are shown as vertical bars and
uncertainties of the S����� and R��ISH predictions are indicated by the coloured bands.

constraint of 0.5  µ�/µ�  2 around the nominal value of m`` . The deviation from the FEWZ calculation
is taken as an intrinsic uncertainty in the NNLO QCD calculation. A more detailed discussion of the
agreement with theory predictions using di�erent PDF sets is given in Ref. [69].

The di�erential measurements are compared with a variety of predictions of the p
``
T and �⇤⌘ spectra that

are based on di�erent theoretical approaches to take into account both the soft and hard emissions from
the initial state (ISR). Unless stated otherwise, the predictions do not consider NLO EW e�ects. The
comparisons between the combined result corrected to QED Born level and the various predictions are
shown in Figures 5 and 6. Systematic uncertainties in the theoretical predictions are evaluated for this
comparison where feasible.

The first prediction is obtained from P�����8 with matrix elements at LO in ↵S supplemented with a
parton shower with the AZ set of tuned parameters [22]. The AZ tune optimized the intrinsic kT and
parton shower ISR parameters to optimally describe the ATLAS 7 TeV p

``
T and �⇤⌘ data [22, 77]. It was

later used in the measurement of the W-boson mass using 7 TeV data [20], which requires a high-precision
description of the W-boson transverse momentum spectrum at low pT.

The second prediction is based on P�����+P�����8 using NLO matrix elements with the P�����8 parton
shower parameters set according to the AZNLO tune [22] derived using the same data as the P�����8 AZ
tune. The predictions using the AZ and AZNLO tunes describe the 13 TeV data to within 2–4% in the
region of low p

``
T < 40 GeV and �⇤⌘ < 0.5, and in this region the prediction using the P�����8 AZ tune is

the one that agrees best with the data. This shows that predictions based on tunes to 7 TeV collision data
can also provide a good description at significantly higher centre-of-mass energies for low p

``
T . At high

p
``
T these predictions are well below the data due to missing higher-order matrix elements, similar to the

situation observed at lower
p

s.

The third prediction is simulated with the S����� v2.2.1 [18] generator. In this set-up, NLO-accurate
matrix elements for up to two partons, and LO-accurate matrix elements for up to four partons are calculated
with the Comix [78] and OpenLoops [79, 80] libraries. The default S����� parton shower [81] based on
Catani–Seymour dipole factorisation and the cluster hadronization model [82] is used with the dedicated
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Ø Pythia8 predictions with parameters tuned to 7 TeV data describe the 13 TeV
data very well at low pT

Ø Fixed-order NNLO predictions from NNLOJET with and without NLO EWK 
corrections describe data in the high-pT regime within uncertainties

Ø NNLO+N3LL RadISH prediction agrees well with data within 1-3% uncertainties 
over the full pT spectrum à log(mll/pT)-resummation IS crucial 

arXiv:1912.02844
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Figure 6: Comparison of the normalized p
``
T distribution in the range p

``
T > 10 GeV. The Born level combined

measurement is compared with predictions by S����� v2.2.1, fixed-order NNLO��� and NNLO��� supplied with
NLO electroweak corrections. The uncertainties in the measurement are shown as vertical bars and the uncertainties
in the predictions are indicated by the coloured bands.

set of tuned parameters developed by the authors for the NNPDF3.0nnlo PDF set [50]. The NLO matrix
elements of a given parton multiplicity are matched to the parton shower using a colour-exact variant of
the MC@NLO algorithm [83]. Di�erent parton multiplicities are then merged into an inclusive sample
using an improved CKKW matching procedure [84, 85] which is extended to NLO accuracy using the
MEPS@NLO prescription [86]. The merging cut is set to 20 GeV. Uncertainties from missing higher
orders are evaluated [87] using seven variations of the QCD factorization and renormalization scales in the
matrix elements by factors of 0.5 and 2, avoiding variations in opposite directions. For the computation of
uncertainties in the normalized spectra the e�ect of a certain variation is fully correlated across the full
spectrum and an envelope of all variations is taken at the end, which results in uncertainties of 3–4% at low
p
``
T and up to 25% at high p

``
T . The e�ects of uncertainties in the PDF set are evaluated using 100 replica

variations and are found to be very small, typically < 1% up to p
``
T < 100 GeV and a few percent above.

S����� does describe the data in the high p
``
T > 30 GeV and �⇤⌘ > 0.1 region to within about 4% up to the

point where statistical uncertainties in the data become significant, which is better than the uncertainty
estimate obtained from scale variations. On the other hand, the S����� prediction disagrees with the shape
of the data at low p

``
T < 25 GeV and somewhat less with the �⇤⌘ distribution. The data may be useful in

improving the parton shower settings in this regime.

Finally, for the p
``
T spectrum only, a prediction based on the R��ISH program [88, 89] is presented

that combines a fixed-order NNLO prediction of Z+jet production (O(↵3
S)) from NNLO��� [90] with

resummation of log(m``/p
``
T ) terms at next-to-next-to-next-to-leading-logarithm (N3LL) accuracy [7].

The NNPDF3.1nnlo set of PDFs [91] is used with QCD factorization and renormalization scales set to
µ� = µ� =

q
(m``)

2 + (p``T )
2 and the resummation scale set to Q = m``/2. Uncertainties in this prediction

are derived from variations of µ� and µ� in the same way as for the S����� prediction described above and,
in addition, two variations of Q by a factor of two up and down, assuming that the e�ects of scale variations
are fully correlated across the full spectrum. Within the uncertainties of typically 1–3% the R��ISH
prediction agrees well with the data over the full spectrum, highlighting the benefits of this state-of-the-art
prediction.
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ATLAS grids for PDF fits
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Ø ATLAS grids are now being distributed via the ploughshare website: 
http://ploughshare.web.cern.ch

Ø All the ATLAS and non-ATLAS available grids can be found here: 
https://ploughshare.web.cern.ch/ploughshare/download.php

Ø NNLO top grids from Czakon et al. available in APPLgrid formatploughshare.web.cern.ch

4

   PDF4LHC meeting  2018 

M Sutton - Ploughshare and APPLfast developments

http://ploughshare.web.cern.ch/
https://ploughshare.web.cern.ch/ploughshare/download.php


ATLAS xFitter users’ desiderata
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Ø Fix the issue with partial 𝜒" to be 0 when statistical correlation matrices in use

Ø A tool to convert HEPData tables to xFitter data files format needed

Ø TOP++ interfaced to xFitter as an alternative to Hathor

Ø Perform QCD + EW fits

Ø When fitting data sensitive to sin" 𝜗;, a recipe to access uncertainty due to 
this input parameter

Ø Any plan to interface xFitter to Plugshare?

Ø Strategy for sharing/generating common grids

Ø ln(1/x)-resummation for low-mass DY (once theory is ready) and small-qT
resummation for low pT (e.g. interface to DYTurbo)



Conclusions
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Ø New ATLAS measurements at 𝑠 = 13 TeV coming out soon à ready to exploit 
possible potential to constraint PDFs

Ø A fit to DIS HERA data, ATLAS W/Z at 7 TeV and V+jets at 8 TeV should be 
presented at DIS2020

Ø Ongoing effort of a much more ‘global’ ATLAS PDF fit – longer timescale e.g. 
aiming for the end of 2020 or shortly after

Ø xFitter and the Oxford PDF fitting code are the main framework for PDF 
analyses

Ø ATLAS grids distributed via the plougshare website
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Fit including the W+jets data

Compared to previous ATLAS epWZ16 fit:
Ø Softer 𝑑=
Ø Harder 𝑑̅
Ø 𝑢-quark distributions  unchanged
Ø Softer strange PDF at low-x

26/02/20 Francesco Giuli - francesco.giuli@cern.ch 18

ATL-PHYS-PUB-2019-016

https://glance.cern.ch/atlas/analysis/pubnotes/details%3Fid=3904


Ø Consistent with earlier ATLAS fits

Ø Slightly higher than PDF from the 
global fitters

How strange is the proton?
26/02/20 Francesco Giuli - francesco.giuli@cern.ch 19

ATL-PHYS-PUB-2019-016

https://glance.cern.ch/atlas/analysis/pubnotes/details%3Fid=3904


Ø Comparison with global fitters 
shown here

Ø New fit more in line with global 
fitters predictions

Light-quark asymmetry
26/02/20 Francesco Giuli - francesco.giuli@cern.ch 20

ATL-PHYS-PUB-2019-016

https://glance.cern.ch/atlas/analysis/pubnotes/details%3Fid=3904


Isolated photons data at 13 TeV
Ø Dominant production: 𝒈𝒒 → 𝒒𝜸
Ø Constraint on gluon at medium x e.g. x ≃ 0.1
Ø Range: 125 GeV < ET ≲ 2 TeV
Ø Dominant systematic uncertainties:

Ø Energy scale
Ø Background correlations

Ø JetPhox: low in normalisation (~20% lower 
than data) 

Ø Result independent from the PDF set in 
use

Ø NLO predictions: large scale 
uncertainties

Phys. Lett. B 770 (2017) 473
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