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Today’s Presentation

• WG4 hosted 44 presentations covering a large breadth of topics,
and offering many very interesting results worth of your attention

It is simply impossible to do justice to all the effort that led to
what have been presented this week In Wg4!
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But thanks to your hard work, we can do some justice to the progress 
we made in the field in the last year or so, and can tell of a many very 
stories



• We decided to focus this on:

– Recent progresses made in the theory development of QCD that impact
the understanding of experimental results

– Experimental results that demonstrated the usefulness of the recent QCD
theory developments or call for further improvements.
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Progressed on QCD emerge from a strong
and fruitful Theory - Experiment dialectic:

Measurements profit from more precise
theory, that are improved based on more
precise measurement results, leading to a
better general understanding of the various
QCD phenomena.



QCD: The Themes and Challenges  

• The stories we choose to tell today shows how the various results
that were presented this week demonstrate:

– Necessity and success of higher order predictions in QCD experimental
studies;

– The impact precise predictions on themeasurement of other SM physics;

– Better description of parton emission/splitting in jet structure;

– Feedback onmeasurements of Parton Distribution Functions;

– Study of non-perturbativeQCD effects;

– Development of new techniques for future improvements.
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Higher Order Theory Precision
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Thanks to NNLO calculations, 
we significantly improve 
precision of various 
measurable observables, 
which can be used to improve 
the measurement of as at 
various scales

2%

Direct payback in the measurements 
of improved theory calculations
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B-hadron production at NNLO+PS 

Improve the predictions significantly and 
agrees very with ATLAS/CMS/LHCb data

Any implications for this D-
meson measurement?
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A first fiducial N3LO DY prediction becomes available for an even higher 
precision comparison of a differential cross section measurement over 
wide kinematic range  

Inform W pT, 
necessary of 
MW.



Improve precision on non-
QCD parameters
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Improving theory predictions necessary 
to match projected experimental 
uncertainties

NNLO with 2-loop  soft-Higgs 
approximation in ttH

Reduce uncertainty by a factor of ~2-5
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aNNLO theory calculation resolve normalization gap between NLO and data

Similar results for ttZ

Soft gluon correction
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Need to have NNLO calculations with parton shower for particle level 
comparison to improve on limiting systematics

Unfolded to parton top
(has NNLO) Unfolded to particle level top-decay product

(has only NLO here)

ttbar production



Gluon Emission Modeling

14



15

Pythia Pythia
Recent 

experimental 
evidence from 
ALICE on the  

dead-cone effect 
=> triggered a lot 

of work

Charm
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Stronger dead-cone effect for b-quark than c-quark: LHCb want to use 
the Lund plane to probe that effect and measure it. 

Pythia Pythia

Proposal to use a different 
observable sensitive to dead-
cone, based on Energy-Energy 
correlator inside jets. 

Well-defined in QFT.
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Earlier splitting Later splitting

Shows that Early soft wide-angle radiation 
constrains the angular phase space of later 

splittings

STAR measured the difference 
between jet mass and 
groomed jet mass for various 
groomed radius. 



Feedback to Parton 
Distribution Function
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W+D: challenge the 7 TeV W and Z ATLAS data that preferred s≠sbar

Here slightly better agreement with PDF that do not let s and sbar floating independently.

Note: This is only using NLO QCD cross sections, while PDF fits requires NNLO. Also 
note, this is not necessary a contradiction might depend on  x, Q2. 



Non-perturbative QCD
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Can use b-to-jet momentum 
fraction measurement in top 

systems to improve on b-
fragmentation model…

…with new pQCD calculation of 
the fragmentation to 

complement fixed order 
calculations



• Study long-range correlation in e+e-by ALEPH, similar that what 
was observe in pp.

– re-analyzing Aleph data
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That would indicate that long-
range correlation is a final state 
effect…
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Tackling the discrepancy in (g-2)µ, by adding new modes to 
hadronic vacuum polarization, using Babar data.
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Probing J/Y production mechanism with new observables tells 
us that  new theory development must come to rescue data

STAR measured J/Y production as a 
function of  additional jet multiplicity. 
Lack dedicated theory predictions. 

Measurement of the normalized J/ Y yields 
to normalized event charged particle 
multiplicity, sensitive to the interplay 
between hard and soft processes.

Models cannot consistently describe trends 
observed in data. 



25

New Set of predictions for EIC

New calculations probing nuclear gluon 
PDF with J/Y production

Centrality-dependent measurements of jets 
and hadron suppression in eA at the EIC shed 
new light on final state interactions in QCD. 

Experiment statistical projection  for EIC 
display promising sensitivity to different 
theory predictions for nuclear modification 
factors. 



Development of Tools and 
Data analysis Technologies
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Re-use H1 data with the Multifold 
ML-based unfolding to exploit 
correlations between observables E.g.: Q2-dependence of 

average jet charge, to test 
various Parton Showers
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Next generation b/c taggers based on Graph Neural Networks 
show very promising improvement in light/c-jet rejection with 
high b-jet efficiency compared to current algorithm

Improve the sensitivity to Heavy-Flavor physics
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Use microscopic dynamics to predict, 
from ML, measured distributions

Proof of concept: 
Use qqbar->! and replicate Pythia 
hadronization

Save the needs to 
tune 200+ 

parameters
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