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Why are we still talking about PDFs?
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13 18. Structure Functions
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Figure 1: MSHT20 NNLO PDFs atQ2 = 10 GeV2 andQ2 = 104 GeV2, with associated 68% confidence-
level uncertainty bands.

consider: CMS 13 TeV data on W + c production [29], which tests predictions particularly

dependent on the strange quark; the ratios of Z and tt̄ cross sections at 8 TeV and 13 TeV

at ATLAS [30]; the CMS measurements of single-top production [31, 32]; the potential impact

of LHCb exclusive J/ production data [33, 34], as accounted for in the analysis of [35], and

LHCb data on D meson production [33, 36, 37], as accounted for in the analysis of [38]. In

Section 11 we compare our MSHT PDFs with those of the other most recent global analyses of

PDFs – NNPDF3.1 [2] and CT18 [3], and also with older sets of PDFs of other collaborations.

In Section 12 we summarise the availability of the MSHT20 PDF sets and their delivery. In

Section 13 we present our conclusions.

2 Changes in the theoretical procedures

As in the case of MMHT14, we present PDF sets at LO, NLO and NNLO in ↵S. In the latter

case we use the splitting functions calculated in [39, 40] and for structure function data, the

massless coe�cient functions calculated in [41–46]. There are however, a significant number

of changes in our theoretical description of the data, compared to that used in the MMHT14

analysis. We present these in this section, and when appropriate we also mention some of the

main e↵ects on the PDFs resulting from these improvements.

2.1 Input distributions

In MMHT14 we began to use parameterisations for the input distributions based on Chebyshev

polynomials. Following the detailed study in [47], we take for most PDFs a parameterisation
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Figure 18.4: The bands are x times the unpolarized parton distributions f(x) (where f =
uv, dv, u, d, s ƒ s̄, c = c̄, b = b̄, g) obtained in the NNLO MSHT20 global analysis [63] (top) at
scales µ2 = 10 GeV2 (left) and µ2 = 104 GeV2 (right), with –s(M2

Z) = 0.118. The polarized parton
distributions f(x) obtained in the NLO NNPDFpol1.1 fit [92] (bottom).

Comprehensive sets of PDFs are available from the LHAPDF library [118], which can be linked
directly into a user’s programme to provide access to recent PDFs in a standard format. This also
includes many nuclear and polarized PDFs.
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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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Figure 3: Ratios of ATLASpdf21 PDFs extracted from a fit including correlations of systematic uncertainties between
data sets to those extracted from a fit in which only the luminosity uncertainties for each centre-of-mass energy are
correlated between data sets, at scale &2 = 10 000 GeV2. Only experimental uncertainties are shown, evaluated with
tolerance ) = 1. Top left: GDE . Top right: G3E . Bottom left: GD̄. Bottom right: G3̄.
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Figure 18: ATLASpdf21 'B distribution showing experimental uncertainties evaluated with ) = 1 (red), model
(yellow) and parameterisation (green) uncertainties. Experimental, model and parameterisation uncertainties are
cumulative. The lower panel illustrates the fractional uncertainties.
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Figure 19: 'B from ATLASpdf21, showing experimental uncertainties evaluated with ) = 1, model and parameterisa-
tion uncertainties, compared with other recent PDFs: ABMP16 [79], CT14 [78], CT18, CT18A [74], MMHT14 [77],
MSHT20 [75], NNPDF3.0 [80], NNPDF3.1_strange [81], ATLASepWZ16 [9] and ATLASepWZVjets20 [11]. Left:
'B at &2 = 1.9 GeV2 and G = 0.023. Right: 'B at &2 = <

2
/

and G = 0.013.
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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

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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