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A summary of the main points of discussion raised during the talks and their follow-up questions,
as well as in the round table of the last day of the ¢t(2019) workshop, is presented. The discus-
sions not only focused on particular issues affecting each one of the individual ¢ extractions, but
also on the current PDG categorization of o, measurements and on the methods used to average
them into a single o (m,,) value. Most of the listed points are open and sources of potential con-
troversies, which we highlight here as one might expect that ongoing progress in the field will

lead to their clarification and resolution.
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The results of the discussions during the presentations and round-table session on the last day
of the workshop, are summarized here ordered according to ¢ extraction category. An important
point of discussion was the organization of ¢, determination categories, the incorporation of new
developments, and the methodology used for the o, (m,, ) averaging in the PDG review [1]. The last
point of this contribution deals with those latter issues. We note that the topic of ¢, determinations
was also discussed in a 2018 workshop [2] where complementary details can be found.

e Lattice QCD:

The lattice-QCD practitioners suggested the PDG ¢ review to include an expert member
of this community. Alternatively, the o(m,) average of the FLAG collaboration report [3]
could be incorporated into the lattice-QCD PDG chapter and propagated as input into the
world-average value. Despite the fact that it is difficult to reach full agreement on the av-
eraging of a very broad range of observables, FLAG has gathered the expertise of a large
fraction of the lattice collaborations in its team in order to reach a rough consensus. The fact
that the most recent FLAG report provides subaverages for the various different o extrac-
tions, helps to carry out reanalyses of these results if desired. It was pointed out that several
lattice results are now dominated by higher-order uncertainties in the pQCD counterpart ob-
servables mostly computed at NNLO accuracy, except for the static QCD energy that uses
a NLO result [4]. Thus more efforts should be put on the perturbative side of the calcula-
tions in the coming years in order to understand and reduce these uncertainties, in parallel
to evaluating observables non-perturbatively at higher energy scales. It was emphasized that
the lattice community considers that their ¢ subcategories are as different from each other
as e.g. the category of 7-decay is from DIS. Therefore it was suggested that the PDG average
includes the results of the lattice QCD subcategories as categories parallel to T-decays, DIS,
etc.

e Hadronic 7 decays:

It was proposed to collect the latest results from 7 decays as well as the novel low-energy

et

e~ annihilation (Rq+.-) extraction [5] under one single o group labelled “7 and e'e™
continuum below charm” (or similar) as they share many theoretical and experimental co-
incidences. The o extraction from hadronic 7 decays is significantly affected by the spec-
tral functions measured with limited precision by ALEPH and OPAL in e*e™ collisions at
LEP [6]. It was stressed the need to discuss with the BaBar/BELLE-II communities the use
of large 7 decays data samples from B-factory experiments to improve on the o (m;) deter-
mination. Although, up until now, all recent extractions of ¢ have been based on the same
data, they differ mainly in the treatment of non-perturbative physics. In particular, there is
the need to resolve the duality violation treatment and pinching strategy in connection with

the properties of the Operator Product Expansion.

e ¢-p scattering and fits of parton distribution functions:

First, it was pointed out that the current “Deep inelastic lepton-nucleon scattering (DIS)”
label of this extraction category should be changed to “e-p scattering and global PDF fits”
(or similar) to properly include all available ¢ determinations in this domain. In particular,
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to take into account the fact that there are new o determinations from HERA data, e.g. based
on NNLO jets in DIS and in (anticipated) photoproduction studies, which will be included
into the world average. A discussion followed on how to properly merge the novel DIS jets
0 (m,,) result together with the more inclusive structure function results [7]. The question
was raised on what to do with novel NNLO hadron collider extractions, e.g. based on jet or
electroweak boson production at the LHC, that have a strong explicit PDF dependence. It
seemed that the inclusive W, Z cross sections should go under the “hadron collider” category,
as those are rotal cross section like the tt ones that are not explicitly included into the global
PDF fits, whereas any extraction based on differential jet cross sections at NNLO should be
rather included as part of the ¢ determinations derived in parallel with the future global PDF
fits that include these jet spectra too.

It was reminded that there is currently no consensus on how to reliably estimate theoretical
uncertainties of ¢ extractions, from missing higher-order corrections in NNLO PDF+q; fits.
This complicates not only the comparison with other categories, but also comparisons within
this category to some extent.

e Hadronic final states in ¢ ¢~ annihilation:
The novel results from ete™ annihilation based on energy-energy correlations (EEC) and
jet rates (R2) [8], further justify organizing the o subgroup extractions of this category
based on the hadronization correction method employed, i.e. based on Monte Carlo event
generators or on analytic models for the non-perturbative effects. New developments in jet
substructure techniques [9] applied to e™ e~ studies will reduce the hadronization corrections
and, once they reach NNLO accuracy, will allow to reanalyze the LEP data with smaller non-
perturbative uncertainties. These latest more precise results open up the potential substitution
of older LEP analyses, with larger uncertainties, from the world average. New applications
of the Principle of Maximum Conformality (PMC) for determining renormalization scales in
0, extractions via eTe™ event-shape variables were discussed during the workshop [10]. The
PMC renormalization scales depend on the event-shape kinematics, reflecting the virtuality
of the underlying QCD subprocess. Work is ongoing to provide a systematic evaluation of

the theory uncertainties of the PMC predictions for pQCD at high orders.

e Hadronic Z and W boson decays:

Why does the PDG world-average for this category prefer the o value derived from the
global electroweak (Gfitter) SM fit, rather than the value derived from stand-alone analysis
of the pseudo-observables directly measured at the Z boson pole? The result from the global
SM fit, o(m,) = 0.1194 +0.0029 with a ~2.4% uncertainty, is only slightly more precise
than the latter, o(m,) = 0.1203 +0.0028 with ~2.5% uncertainty, but the former is more
prone to potential biases from new physics present in other sectors of the SM [11].

e Hadronic final states at pp, pp colliders:

The breadth of LHC data and the associated recent NNLO pQCD theoretical developments
have provided various new oy extractions from pp collisions, including inclusive pp — tt, W,
and Z [12] production cross sections, as well as differential jets cross sections. The question
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was raised whether adding more measurements could lead to not improving the world aver-
age with the currently used linear pre-averaging method. To be able to fully exploit all the
experimental data, via e.g. a y>-based BLUE-type average [13, 14], the correlation matrices
among measurements must be provided by the experimental collaborations. It has also been
stressed that (future) systematically improved parton showers, if possible including correc-
tions at NLL (or beyond) accuracy, are essential to fully gain control of the MC uncertainties
involved in these analyses and also for ¢ determinations based on e™e™ data.

One of the strengths of the LHC data is the possibility to test asymptotic freedom at high
energy scales, in the TeV regime, never explored before. In this context, it was pointed out
that e.g. some ATLAS analyses of data from pp collisions covering scales at large total event
energy (Hr) seem to run (evolve with scale) faster than expected. This effect can depend
on the choice of renormalization scale setting in the extraction of o, and this should be
carefully checked for each chosen observable. The o running plots in the PDG summary
should incorporate the pp — jets results at NNLO that extend the range up to about 2 TeV at
the proper scale of each observable (leading jet pr, sum of jet pr’s,...). For the o running in
the low energy range, the lattice results should be added. Last but not least, it was not clear,
i.e. not explicitly documented in the publications, if all analyses at scales above the top quark
production threshold used the proper number of active free flavours ny = 6 in the prediction
and the evolution calculations.

e 0 categorization, combination and averaging of o (m, ) results:

The current o (m,) PDG world-average [1] is derived from different measurements grouped,
first, into subcategories that are subsequently combined into six overall categories. The in-
dividual subcategories are grouped following experimental measurements and theoretical
methods (e.g. sharing a similar treatment of hadronization corrections), and the overall cat-
egories share basically the same underlying physical process. Suggestions were made to
change some of the labels of the categories and/or to rearrange them to include newly avail-
able o extractions (see more detailed cases discussed above). In order to enter into the world
average, the current conditions are that the o analysis has at least an NNLO theoretical ac-
curacy, includes reliable estimates of experimental, systematic, and theoretical uncertainties,
and the results are published in a peer-reviewed journal. It was discussed the possibility to
drop relatively old analyses (e.g. from LEP ete™ final states), because the same data have
been reanalyzed in newer studies and/or because old hadronization corrections may have
been superseded. Although the large o (m,) uncertainties of the oldest results likely have a
small numerical impact on the final world-average, the results of more recent developments
could be considered instead. In any case, it was emphasized, as done now in the PDG, that
one should clearly study and define beforehand the rules for the selection of the analyses to
be incorporated into the world average, and then follow them strictly to avoid any bias.

It was highlighted that the individual lattice-QCD results have total 0.5 to 1% uncertainties,
which are a factor of 2—4 smaller than all other o, (m, ) individual extractions (with 1.5-4%
uncertainties). What does this imply for averaging, which will be driven by the most precise
result? One way to control this (as already performed in recent ¢, combinations) is to drop
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categories from the average and check the consistency of the results by explicitly quoting
05 (m,,) averages without a subset of the measurements. The possibility to eventually use the
lattice extraction as the single o, (m,) PDG world-average, as it is the most precise value, it is
based on experimental data (hadron masses and decays), and now contains also the running
up to high scales, was considered. Some people expressed concerns on that proposal, given
the need to always cross-check the lattice-QCD extraction with hadronic data in the explicitly
perturbative regime. It was also pointed out that there are a number of dedicated high-
precision determinations of the strong coupling from various methods that may eventually
be inconsistent with the lattice-QCD results (if their derived central as(m,) values do not
change, and the uncertainties shrink). In addition to the discussion on the averaging, where
concrete decisions on the weight of these analysis have to be made, future average analyses
should also point out these discrepancies factually to motivate further studies and progress.

The technical averaging procedure was also discussed. Currently it uses linear preaverages
for the subcategories, then y2-average with floating correlation with the PDF “y? reweight-
ing” prescription (enlarged uncertainties, if needed, until y%/dof = 1). Alternative averaging
methods, e.g. a ¥ average in the groups with a correlation model following the BLUE or
CONVINO approaches [13, 14], were suggested, in particular to combine LHC measure-
ments (see above). Values obtained with alternative methods should be provided together
with the “default” world-average to check the overall robustness and stability of the final
0 (m,,) averaging procedure.

All in all, the meeting featured lively and stimulating discussions among different experts

on controversial issues, as well as on technical details, whose clarification will ultimately have

an impact on more accurate and precise ¢ determinations. Novel ideas to extract o, estimation

of expected reductions in the theoretical and experimental uncertainties of each method, as well

as issues to be addressed in the coming future to improve the combination of all results, were

discussed. There was a common agreement of the usefulness of organizing similar dedicated o

workshops every ~2 years, following the 2011 [15] and 2015 [16] meetings. Whereas the strong

force decreases with energy, the scientific interest in the QCD interaction clearly increases with

time.
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