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Why proton PDFs matter
Ø Precise knowledge of Parton Distribution Functions (PDFs) is essential

Ø PDFs have large uncertainties in the LHC kinematics regions
Ø Significant source of uncertainty for Higgs and top production 
Ø Limits precision on fundamental parameters (mW, 𝛼!, etc.)
Ø Limits searches for new massive particles 

small relative uncertainty in the charge-to-momentum
ratios for the combined tracks, and be located in detector
regions with high-quality chamber alignment. Candidates
must have jηj < 2.5, pT > 55 GeV, jd0j=σd0 < 3, and
jz0j sin θ < 0.5 mm, where z0 is the longitudinal impact
parameter relative to the primary vertex. The reconstruction
and identification efficiency is 69% for pT ¼ 1 TeV and
decreases to 57% for pT ¼ 2.5 TeV. Muon candidates from
hadron decays are suppressed by imposing a track-based
isolation [48] that achieves an efficiency higher than 99%
for the full pT range of interest. The muon pT resolution at
pT > 1 TeV can be described as σðpTÞ=pT ¼ cμ pT, with
cμ varying between 0.08 and 0.20 TeV−1 depending on the
detector region [48]. This resolution dominates the mT
resolution in the muon channel.
Jets are reconstructed from topological clusters of energy

deposits in calorimeter cells [49] with the anti-kt clustering
algorithm [50] implemented in FASTJET [51]. A radius
parameter R equal to 0.4 is used, and the clusters are
calibrated at the EM scale [52]. Jets are required to have
pT > 20 (30) GeV for jηj smaller (greater) than 2.4. To
remove jets originating from pileup, jet-vertex tagging is
applied [53].
The event’s missing transverse momentum is computed

as the vectorial sum of the transverse momenta of leptons,
photons, and jets. The overlap between these is resolved
according to Ref. [54]. Electrons and muons must pass the
selection requirements described above. In addition to the
above particles and jets, the Emiss

T calculation includes a soft
term [54] accounting for the contribution from tracks
associated with the primary vertex but not associated with
leptons, converted photons, or jets already included in the
Emiss
T calculation.
Events are required to have a primary vertex. They are

rejected if any of the jets fail to pass a cleaning procedure
designed to suppress noncollision background and calo-
rimeter noise [55].
In the electron channel, events must have exactly one

electron passing the selection described above. Events are
vetoed if they contain any additional electron candidate
satisfying the medium selection criteria and having
pT > 20 GeV. Events are also vetoed if they contain
any muon candidate satisfying the medium selection
criteria and having pT > 20 GeV. The missing transverse
momentum must satisfy Emiss

T > 65 GeV, and the trans-
verse mass must satisfy mT > 130 GeV. In the muon
channel, events must have exactly one selected muon as
detailed above, and the same veto on additional electron
and muon candidates is applied, except that electron
candidates close to the muon (ΔR < 0.1) are assumed to
arise from photon radiation from the muon and are thus not
considered as additional electron candidates. Events are
required to satisfy Emiss

T > 55 GeV and mT > 110 GeV in
the muon channel. The event selection described above
defines the signal regions in the electron and muon
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FIG. 1. Distributions of the transverse mass for data and
predicted background events in the electron (top) and muon
(bottom) channels. Expected signal distributions for several SSM
W0 boson masses are shown stacked on top of the total expected
background. The middle panels show ratios of the number of
events observed in the data to the expected total background
count, while the lower panels show the same ratio when taking
into account the pulls on the nuisance parameters observed in the
statistical analysis (Sec. VII). The hatched bands represent the
total uncertainty in the background estimate (Sec. VI). Arrows in
the middle and lower panels for the electron channel indicate data
points that lie outside the vertical axis range.
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Proton PDF studies within ATLAS
Ø Several PDF analyses performed by ATLAS in the past

Ø QCD analysis of 2011 W,Z & strange sea density – ATLASepWZ12 fit
Ø First evidence for unsuppressed strange at small-𝑥

Ø Fit to inclusive W,Z data at 7 TeV – ATLASepWZ16 fit
Ø Confirmation of unsuppressed strange at small-𝑥 with high precision data

Ø Fit to inclusive W,Z (7 TeV) and top (8 TeV) data – ATLASepWZtop18 fit
Ø Gluon constraints at medium- and high-𝑥 (both shape and uncertainties)

Ø Fit to inclusive W,Z (7 TeV) and V+jets (8 TeV) data – ATLASepWZVjets20 fit
Ø Strange suppression at high-𝑥 and resolved ambiguities in high-𝑥 shapes

Ø Fit to several ATLAS data sets – ATLASpdf21 fit
Ø It includes 𝑡 ̅𝑡 data at both 8 and 13 TeV
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𝒕�̅� data at 8 TeV in the ATLAS PDF fit
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Ø To access the impact of including ATLAS 𝑡 ̅𝑡 production data in fits to extract 
the proton PDF 

Ø QCD fit to DIS data from HERA and W,Z at 7 TeV and 𝑡 ̅𝑡 at 8 TeV

Ø 𝑡 ̅𝑡 data are complementary to the 𝑊,𝑍/𝛾∗ data 

Ø Expected to be sensitive to gluon distribution in the medium- and high-x 
regime (x ≳ 5 +10-2)

Ø Important to perform this fit now since the NNLO predictions of pQCD for 𝑡 ̅𝑡
production data are now available and usable in PDF fits (1704.08551)

Ø 𝑡 ̅𝑡 production input datasets:
Ø lepton+jets channel at 8 TeV
Ø dilepton channel at 8 TeV

https://arxiv.org/abs/1704.08551
https://arxiv.org/abs/1511.04716
https://arxiv.org/abs/1607.07281


𝒕�̅� data at 8 TeV in the ATLAS PDF fit
Ø All the results publicly available – epWZtop18 fit

Ø Available spectra for the fit:
Ø Lepton+jets channel (𝒎𝒕�̅�, 𝒑𝑻𝒕 , 𝑦& ̅&, 𝑦&)
Ø Dilepton channel (𝑚& ̅&, 𝒚𝒕�̅�)

Ø Bin-to-bin statistical correlations within each spectrum and between the 
spectra (lepton+jets channel) available and included in the fit à effect is 
small but not negligible

Ø We have the systematic correlations between the spectra - we would usually 
assume these to be 100% correlated

Ø The largest systematic uncertainties are due to:
Ø Initial state/final state radiation (ISR/FSR) ~8%
Ø Parton shower model (PS) ~5%
Ø Hard-scattering model ~4%

Ø Effect of decorrelating this source of uncertainty investigated
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Fits to individual lepton+jets 𝒕�̅� spectra
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Ø Partial 𝜒' good for 𝒎𝒕�̅� and 𝒑𝑻𝒕 but fits to  𝒚𝒕�̅� and 𝒚𝒕 are poor 

lepton+jets spectrum

mtt ptT ytt yt
Total �2/NDF 1238.4 / 1062 1239.4 / 1063 1257.5 / 1060 1246.5 / 1060

Partial �2/NDP HERA 1153 / 1016 1151 / 1016 1149 / 1016 1146 / 1016

Partial �2/NDP ATLAS W,Z/�⇤
82.0 / 55 82.1 / 55 86.4 / 55 85.0 / 55

Partial �2/NDP ATLAS tt̄ 3.4 / 7 7.9 / 8 19.7 / 5 18.3 / 5
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Fits to individual lepton+jets 𝒕�̅� spectra
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Ø 𝑦& ̅& and 𝑦& distributions pull the gluon PDF in a different direction wrt 𝑚& ̅& and 
𝑝(&

lepton+jets spectrum

mtt ptT ytt yt
Total �2/NDF 1238.4 / 1062 1239.4 / 1063 1257.5 / 1060 1246.5 / 1060

Partial �2/NDP HERA 1153 / 1016 1151 / 1016 1149 / 1016 1146 / 1016

Partial �2/NDP ATLAS W,Z/�⇤
82.0 / 55 82.1 / 55 86.4 / 55 85.0 / 55

Partial �2/NDP ATLAS tt̄ 3.4 / 7 7.9 / 8 19.7 / 5 18.3 / 5
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Fits to various lepton+jets 𝒕�̅� spectra
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Ø Poor 𝜒' of 𝑝(& , 𝑦& consistent with separate 𝜒', whereas the poor 𝜒' of 𝑝(& , 𝑚& ̅& is 
not consistent with their separate 𝜒'
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lepton+jets spectra

ptT and yt ptT and yt ptT and mtt ptT and mtt

with statistical without statistical with statistical without statistical

correlations correlations correlations correlations

Total �2/NDF 1264 / 1068 1260 / 1068 1290 / 1070 1287 / 1070

Partial �2/NDP HERA 1148 / 1016 1147 / 1016 1162 / 1016 1162 / 1016

Partial �2/NDP ATLAS W,Z/�⇤
82.7 / 55 83.5 / 55 83.2 / 55 83.1 / 55

Partial �2/NDP ATLAS tt̄ 33 / 13 30 / 13 45 / 15 42 / 15
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Impact of the decorrelation
Ø Impact of decorrelating the systematic uncertainty due to PS 

Ø Resulting gluon PDF fully compatible wrt PS uncertainty fully correlated

Ø The main effect of decorrelation is the reduction of the 𝝌𝟐 value

Ø We rejected the 𝑦& ̅& and 𝑦& spectra because of the poor fit

Ø Now also global PDF fitters e.g. CT18, MSHT20 have done something similar
Ø MSHT decorrelated systematics across different bins of each 𝑦!!̅, 𝑦! spectrum to get 

a good fit - and that actually made these spectra have very little effect
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Fits to various dilepton 𝒕�̅� spectra
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Ø As for the lepton+jets spectra, the 𝑚& ̅& data support a harder gluon while the  
𝑦& ̅& data prefer a softer gluon – anyway both fits show good 𝝌𝟐
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dilepton spectrum

mtt ytt
Total �2/NDF 1233.8 / 1061 1233.8 / 1060

Partial �2/NDP HERA 1152 / 1016 1147 / 1016

Partial �2/NDP ATLAS W,Z/�⇤
79.3 / 55 82.8 / 55

Partial �2/NDP ATLAS tt̄ 2.6 / 6 4.5 / 5

We do not have 
correlations for these 
spectra à we have 

to choose one!



Fits to dilepton and lepton+jets spectra
Total 𝝌𝟐/NDF 1253.8/1061

Partial 𝜒"/NDF HERA 1149/1061

Partial 𝜒"/NDF ATLAS 𝑊,𝑍/𝛾∗ 78.9/55

Partial 𝜒"/NDF ATLAS 𝑚$ ̅$ and 𝑝&$ 16.0/15

Partial 𝜒"/NDF ATLAS 𝑦$ ̅$ 5.4/5

Ø Harder gluon and a significantly 
reduced high-x uncertainty on the 
gluon PDF 

Ø Effect of the dilepton spectrum: 
change in the high-x shape but not 
further reduction in PDF uncertainties
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Data description
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The ATLASpdf21 fit
Ø ATLASpdf21 is a PDF fit to multiple ATLAS data sets - EPJC 82 (2022) 5, 438

Ø DIS HERA data are the backbone of ATLAS PDF fits – HERA data provide 
constraints over a very wide range of 𝑥 and Q2

Ø LHC data provide additional constraints at medium and high-𝑥 and Q2

Ø All the fits performed using xFitter

Ø Fit to NNLO in QCD and NLO in EW achieved either by direct NNLO grids or by 
k-factor corrections - current ‘state of the art’

ATLAS DRAFT

Table 1: Summary of all the ATLAS input data sets considered in the QCD fit.

Data set
p

s [TeV] Luminosity [fb�1] Decay channel Observables entering the fit
Inclusive W, Z/�⇤ [9] 7 4.6 e, µ combined ⌘l (W), yZ (Z)
Inclusive Z/�⇤ [13] 8 20.2 e, µ combined cos ✓ in bins of y`` ,M``

Inclusive W [12] 8 20.2 µ ⌘µ
W± + jets [23] 8 20.2 e pW

T
Z + jets [24] 8 20.2 e pjets

T in bins of |yjets |
tt̄ [25, 26] 8 20.2 lepton + jets, dilepton mt t̄ , ptT, yt t̄

tt̄ [15] 13 36 lepton + jets mt t̄ , ptT, yt , yt t̄
Inclusive isolated � [14] 8, 13 20.2, 3.2 - E�

T in bins of ⌘�
Inclusive jets [16–18] 7, 8, 13 4.5, 20.2, 3.2 - pT in bins of |yjets |

uncertainty due to the unfolding procedure is used as uncorrelated, both within and between these spectra.3229

As shown in Ref. [11], this a�ects the �2 of the fits to V + jets, but has little impact on the fitted PDFs.230

Similarly, the parton shower systematic uncertainty is decorrelated between the ptT and mt t̄ spectra in the tt̄231

lepton + jets channel, as done in Ref. [10] . It was established that this decorrelation has a minimal e�ect232

on the PDFs, while reducing the fit �2 to acceptable levels. This decorrelation and the aforementioned233

decorrelation of the unfolding systematic uncertainty in V + jet and inclusive jet data, can be justified234

because the systematic uncertainties concerned are evaluated from the di�erence of two Monte-Carlo235

estimates, and thus do not represent well behaved Gaussian uncertainties. Similar conclusions have been236

reached in a recent study by MMHT [29]. Thirdly, in the inclusive jet data at 8 TeV further decorrelations237

of such systematic uncertainties, derived from the di�erence of two Monte-Carlo estimates, are considered238

following Ref. [17]. The experimental systematics for the Jet Energy Scale such as the “Flavour Response”,239

“Multi-Jet Balance Fragmentation”, “Pile-up Rho Topology”, 4 and the Non-Perturbative Correction240

Uncertainty, are not considered completely correlated between all rapidity bins. Instead they are split241

into two or three components as a function of rapidity and pT as specfied in the various splitting options242

described in the Appendix of Ref. [17]. For the central fit, the preferred set of splitting options for R = 0.6243

is used, in which the JES “Flavour Response” is split into 3 components, see Table 6 of Ref. [17]. In the244

present paper this is called Decorrelation Scenario 2 and it is chosen because it is one of the two preferred245

options as determined in the analysis of Ref. [17].5 Alternative decorrelation scenarios are also considered246

in Section 5.3.1.247

Correlations of systematic uncertainties between data sets are explained below. The luminosity uncertainties248

are considered fully correlated for all data sets at the same centre-of-mass energy. For the data sets249

considered in this analysis systematic uncertainties involving electron and muon measurements are small250

(< 1%) whereas systematic uncertainties involving the jet measurements can be much larger (O(10%)).251

Moreover, the high precision inclusive W, Z/�⇤ di�erential cross section measurements at 7 TeV and the252

inclusive 8 TeV Z/�⇤ triple di�erential cross section measurements both had the electron and muon channel253

3 The two systematic uncertainties in each of the W + jets and Z + jets spectra related to unfolding (one related to the MC
modelling and one to the size of the data samples) are fully decorrelated between spectra and bins within a single spectrum as
they contain a large statistical component in both data sets owing to MC simulation statistics.

4 The “Flavour Response” is the systematic uncertainty due to the response di�erence between quark- and gluon-induced jets, the
“Multi-Jet Balance Fragmentation” represents the jet fragmentation uncertainty in the multijet balance and the “Pile-up Rho
Topology” takes into account the uncertainty in the density of pile-up activity in a given event ⇢.

5 Note that, since the present analysis uses NNLO predictions, rather than next-to-leading order (NLO) as used in Ref. [17],
decorrelations of the scale choice are not considered.
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Correlation between various data sets
Ø Possible correlation between the ATLAS data sets carefully investigated

Ø Entries in the same raw taken 100%-correlated for V+jets and 𝒕�̅�+jets (R=0.4)

Ø Different degrees of correlation are considered of the inclusive jet data 
(R=0.6), because of the differing choice of the jet radius wrt V+jets and 𝑡 ̅𝑡+jets

Ø Exact degree of correlation to the inclusive jet data does not change the 
resulting PDFs 

NOVELTY!

Table 2: Systematic uncertainties that are correlated between the ,+ jets data at 8 TeV, / + jets data at 8 TeV, CC̄
lepton + jets data at 8 TeV, CC̄ lepton + jets data at 13 TeV and inclusive jets data at 8 and 13 TeV are listed. The
names of the systematic uncertainties are those found in the HEPData entries [31]. Entries in the same row are taken
as 100% correlated for the ++ jets and CC̄ lepton + jets data, which all have jet radius ' = 0.4. Di�erent degrees of
correlation are considered for the inclusive jet data at ' = 0.6, because of the di�ering choice of jet radius. Where
entries are omitted, that systematic uncertainty does not exist for that data set (denoted by ‘-’). The luminosity
uncertainty of data sets at the same centre-of-mass energy are also fully correlated. The JES ‘Flavour Response’ and
JES ‘Pile-up Rho topology’ are considered fully correlated with other data sets only for cross-checks. They are not
correlated for the central fit because they are part of the Decorrelation Scenario 2 which is applied to the inclusive jet
measurements, as explained in the text. For this reason they are marked with the symbol ⇤.

Systematic uncertainty 8 TeV , + jets 8 TeV / + jets 8 TeV C C̄ lepton + jets 13 TeV C C̄ lepton + jets 8 TeV inclusive jets
Jet flavour response JetScaleFlav2 Flavor Response flavres-jes JET29NP JET Flavour Response syst JES Flavour Response⇤

Jet flavour composition JetScaleFlav1Known Flavor Comp flavcomp-jes JET29NP JET Flavour Composition syst JES Flavour Comp
Jet punchthrough JetScalepunchT Punch Through punch-jes - syst JES PunchThrough MC15

Jet scale

JetScalePileup2 PU O�setMu pileo�mu-jes - syst JES Pileup MuO�set
- PU Rho pileo�rho-jes JET29NP JET Pileup RhoTopology syst JES Pileup Rho topology⇤

JetScalePileup1 PU O�setNPV pileo�npv-jes JET29NP JET Pileup O�setNPV syst JES Pileup NPVO�set
- PU PtTerm pileo�pt-jes JET29NP JET Pileup PtTerm syst JES Pileup Pt term

Jet JVF selection JetJVFcut JVF jetvxfrac - syst JES Zjets JVF
B-tagged jet scale - btag-jes JET29NP JET BJES Response - -
Jet resolution - jeten-res JET JER SINGLE NP - -
Muon scale - - mup-scale MUON SCALE -
Muon resolution - - muonms-res MUON MS -
Muon identification - - muid-res MUON ID -
Diboson cross section - - dibos-xsec Diboson xsec -
/ + jets cross section - - zjet-xsec Zjets xsec -
Single-C cross section - - singletop-xsec st xsec -

uncertainties may not be fully correlated. Checks were made using 100% correlation and no correlation,
yielding little di�erence between the resultant PDFs. For the central fit a correlation of 100% is used.

The systematic uncertainties of the inclusive jet data at di�erent beam energies are correlated with each
other, but understanding these correlations in detail is non-trivial. In the present study, these data sets are
fitted separately and results are compared. As already stated the data at 8 TeV are used for the central fit.

The measurement of the direct-photon production ratio already considered correlations between the data at
8 TeV and 13 TeV. The photon energy scale is the largest correlated systematic uncertainty between the
two measurements. There are no further important correlations with the other data sets. The luminosity
uncertainties of the data at 8 TeV and 13 TeV are not combined for the present study. Instead, the 8 TeV
luminosity is correlated with that of the other 8 TeV data sets and the 13 TeV luminosity is correlated with
that of the other 13 TeV data sets.
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13 TeV 𝒕�̅� data in the ATLASpdf21 fit
Ø The 13 TeV 𝑡 ̅𝑡 data (1908.07305) refer to partial Run 2 data set (2015 + 2016)

Ø The cross sections considered are:

Ø
#$
#%*+*

Ø
#$

#&,
*,./0

Ø
#$

#'*,./0

Ø
#$

#'1223*
*+*

Ø
#4$

#%*+*#&,
*,./0

Ø Systematic uncertainties provided as full covariance matrices converted into 
nuisance parameters for all the spectra

Ø Systematic correlations available – no need to do any decorrelation

Ø Bin-to-bin statistical correlations among all the 1D spectra also available and 
included in the fit – negligible impact on PDFs and 𝜒'

1D cross sections – these 4 distributions are 
included in our fit

2D cross section

36 fb-1 of data in the 
𝒍+jets channel
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Data description

Ø Top data at 13 TeV nicely included in the 
ATLASpdf21 fit

Ø Inclusion of each 1D spectrum one at a 
time à similar results and no deterioration 
of the 𝜒'

Ø Inclusion of all the 1D spectra together à
nice agreement with results from the 
previous step of the ATLASpdf21 fit

Dataset Exp. 𝝌𝟐/dof
+ 𝑚& ̅& 12.4/9

+ 𝑝(
&,567 4.8/6

+ 𝑦&,567 4.6/5

+ 𝑦899:&& ̅& 9.3/9

09/11/23 Francesco Giuli - francesco.giuli@cern.ch 16

0 100 200 300

 [p
b/

G
eV

]
t T

/d
p

σ
 d

2-10

1-10

1

10
 -1 = 13 TeV, 36.1 fbs, t tÆpp 

ATLAS Data 
 uncorrelatedδ

 totalδ

 + shifts
   
ATLASpdf21, full uncertainties

 [GeV]t
T

p
0 100 200 300Th

eo
ry

/D
at

a

0.6
0.8

1
1.2
1.4

ATLAS

0 1 2
| [

pb
]

t
/d

|y
σd

210

310

 -1 = 13 TeV, 36.1 fbs, t tÆpp 

ATLAS Data 
 uncorrelatedδ

 totalδ

 + shifts
   
ATLASpdf21, full uncertainties

|
t

|y
0 1 2Th

eo
ry

/D
at

a

0.8
0.9

1
1.1
1.2

ATLAS

0 1 2

| [
pb

]
b tt

/d
|y

σd

210

310  -1 = 13 TeV, 36.1 fbs, t tÆpp 

ATLAS Data 
 uncorrelatedδ

 totalδ

 + shifts
   
ATLASpdf21, full uncertainties

|b
tt

|y
0 1 2Th

eo
ry

/D
at

a

0.8
0.9

1
1.1
1.2

ATLAS



1D spectrum one at a time

Ø Everything looks ok and consistent wrt the 
ATLAS global fit (‘Global’ fit does not include 
the 8 TeV inclusive jet data)

Ø As expected, the most affected PDF is the 
gluon distribution
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1D spectra all together

Ø ‘Global’ fit does not include the 8 TeV
inclusive jet data

Ø Gluon distribution slightly pulled up at 𝑥 ~ 0.1 
but compatible within uncertainties

Ø Once model and parameterisation
uncertainties included, everything consistent 
(here T = 1, standard PDF set with T = 3)

Ø Mild effect on all the other PDFs is confirmed
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1D vs 2D 
Ø We studied the inclusion of the 7!;

7<"#"7=$
",&'( cross sections and I compared it with 

the results obtained when including the 1D distributions 7;
7<"#"

, 7;
7=$

",&'(

Ø Uncertainties not in form of full covariance matrix for the 2D distribution

Ø Identical results obtained when using                                                                      
2D distribution or 1D spectra

Ø Size of uncertainties very similar

Ø Output parameters from the fits well                                                                    
consistent within uncertainties                   

Ø No deterioration in 𝜒' when including                                                                    
these data in the fit
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Normalised or absolute distributions?
Ø Predictions for a fit to some 1D spectra if using normalised or absolute 

distributions

Ø When including normalised cross sections, the last bin of the distribution is 
removed

Ø Same results for 𝑦&,567 and 𝑦899:&& ̅& (backup)
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Impact of bin-to-bin statistical correlation

No sensible difference
between PDFs or 𝝌𝟐
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Even smaller impact wrt the one 
found in the epWZtop18 fit



Impact of the top data on ATLASpdf21
Ø We removed all the 𝒕�̅� data from the fit

Ø These data marginally soften the high x gluon (blue to red) and reduce its 
uncertainties at high-x - 8 TeV has the bigger effect

Ø Milder impact wrt what was found for the ATLASepWZtop18 fit (but here we 
have many other data sets added)
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Figure 10: ATLASpdf21 G6 PDF compared with G6 for a fit not including various CC̄ data sets. Only experimental
uncertainties are shown, evaluated with tolerance ) = 1. Top left: the shape ratio to a fit not including CC̄ data at 8
and 13 TeV. Top right: the ratio to a fit not including CC̄ data at 8 and 13 TeV for which both distributions are centred
on unity. Bottom left: the shape ratio to a fit not including CC̄ data at 13 TeV. Bottom right: the shape ratio to a fit not
including CC̄ data at 8 TeV.

5.2.3 Impact of t t̄ data

The impact of the CC̄ data is shown in the top half of Figure 10. The high-G gluon distribution is
mildly softened when the CC̄ data are added to the fit. This e�ect is opposite to the one observed in the
ATLASepWZtop18 fit. This is because more data which harden the gluon PDF, in particular the ++ jets
and inclusive jet data, are included in the present fit. The more significant e�ect is in the uncertainties of
the high-G gluon distribution, which are reduced. There is no significant tension between the CC̄ data and
the other data in the fit. Figure 10 (bottom half) also shows the impact of removing only the CC̄ data at

30
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Impact of the top data sets on ATLASpdf21
Ø We removed all the 𝒕�̅� data from the fit

Ø Removing the 8 and 13 TeV 𝑡 ̅𝑡 data separately makes it clear that the 8 TeV
has the bigger effect

Ø 8 TeV looked to have more impact when combined with only a few data sets 
but not so much after many other data sets are added x  
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Figure 10: ATLASpdf21 G6 PDF compared with G6 for a fit not including various CC̄ data sets. Only experimental
uncertainties are shown, evaluated with tolerance ) = 1. Top left: the shape ratio to a fit not including CC̄ data at 8
and 13 TeV. Top right: the ratio to a fit not including CC̄ data at 8 and 13 TeV for which both distributions are centred
on unity. Bottom left: the shape ratio to a fit not including CC̄ data at 13 TeV. Bottom right: the shape ratio to a fit not
including CC̄ data at 8 TeV.

5.2.3 Impact of t t̄ data

The impact of the CC̄ data is shown in the top half of Figure 10. The high-G gluon distribution is
mildly softened when the CC̄ data are added to the fit. This e�ect is opposite to the one observed in the
ATLASepWZtop18 fit. This is because more data which harden the gluon PDF, in particular the ++ jets
and inclusive jet data, are included in the present fit. The more significant e�ect is in the uncertainties of
the high-G gluon distribution, which are reduced. There is no significant tension between the CC̄ data and
the other data in the fit. Figure 10 (bottom half) also shows the impact of removing only the CC̄ data at

30
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Scale and mtop variations on top data
Ø 𝜇> variation by a factor 2 up/down

Ø Impact on the gluon PDF

Ø Scale dependence of 8 TeV 𝒕�̅� data is very 
modest

Ø The effect of this scale change is well within the 
PDF uncertainties

Ø Study conducted on the 13 TeV 𝑡 ̅𝑡 data as well –
even smaller impact (more in backup) 

Ø We studied 𝜇> variations because it is the most 
impactful scale change (more in backup for 𝜇?)

Ø The variation of mtop considered as well

Ø Larger impact, still well within PDF uncertainties
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Conclusion and outlook
Ø Different 𝑡 ̅𝑡 data sets already included in recent ATLAS PDF studies

Ø Gluon constraints at medium- and high-𝑥 (both shape and uncertainties)

Ø 8 TeV data have larger impact on the the gluon PDF wrt 13 TeV data (being 
the former more precise than the latter)

Ø What next? Investigate impact of full Run 2 𝑡 ̅𝑡 data (1D, 2D and 3D (!!!) –
lepton + jets channel)
Ø NNLO predictions available through MATRIX + PineAPPL – very CPU-

consuming
Ø Possible extension to simultaneous extraction of PDF + mtop (+ 𝜶𝑺)
Ø Check the complementarity with full Run 2 inclusive jet data

Ø Run 3 is halfway through à ~300 fb-1expected by end of 2025

Ø Even more impressive results with larger dataset

Ø Interesting times ahead… Stay tuned! J
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epWZtop18: resulting PDFs
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Ø The model uncertainties include 
variations of the charm/beauty 
masses, the minimum 𝑄' cut 
value and the 𝑄A' starting scale

Ø The parametrisation 
uncertainties correspond to an 
envelope of results obtained 
with extra parameters

Ø The shapes of the extracted 
PDFs are not sensitive on the top 
quark mass, but the 𝜒' of the fit 
is sensitive to it

Ø The strong coupling constant 𝛼!
was set to the PDG value and 
investigating its impact was 
beyond the scope of the study
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Normalised or absolute distributions?
Ø Predictions for a fit to some 1D spectra if using normalised or absolute 

distributions

Ø When including normalised cross sections, the last bin of the distribution is 
removed
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Normalised or absolute distributions?
Ø Predictions for a fit to some 1D spectra if using normalised or absolute 

distributions

Ø When including normalised cross sections, the last bin of the distribution is 
removed

Dataset mtt (abs) mtt (rel) yt (abs) yt (rel)

Exp. 𝜒" 1873 1879 1865 1861

Corr. 𝜒" 213 208 208 207

Total 𝜒" 2086 2087 2074 2068

Ø Similar 𝜒' (also the ones not reported)

Ø PDFs consistent within uncertainties

Ø No better description of the data if 
using normalised distributions instead 
of absolute ones

Ø Fit parameters compatible within 
uncertainties
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Normalised or absolute distributions?
Ø Predictions for a fit to some 1D spectra if using normalised or absolute 

distributions

Ø When including normalised cross sections, the last bin of the distribution is 
removed

Dataset mtt+pT (abs) mtt+pT (rel)

Exp. 𝜒# 1877 1883

Corr. 𝜒# 212 208

Total 𝜒# 2089 2091

Ø We also tried to included two 1D 
spectra at a time…

Ø … and same conclusions found!
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Impact of scale variations on top data

Ø Renormalisation scale uncertainty 
variation by a factor 2 up/down

Ø Impact on the gluon PDF

Ø Scale dependence of 13 TeV 𝒕�̅�
data TeV is negligible

Ø The effect of this scale change is 
well within the PDF uncertainties

Ø Smaller than the one observed for 
the 8 TeV 𝑡 ̅𝑡 data only
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Impact of scale variations on top data

Ø Factorisation scale uncertainty 
variation by a factor 2 up/down

Ø Impact on the gluon PDF

Ø Scale dependence of 𝒕�̅� data 
(both 8 and 13 TeV) is very modest

Ø The effect of this scale change is 
well within the PDF uncertainties
and it is smaller than the one 
observed for 𝜇>
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