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‣ Modeling uncertainties are often defined in ad-hoc 
ways, and often rely on 2-point differences between 
different models 

‣ Results in both double counting uncertainties, but also 
in poorly understood results that do not capture all 
possible effects (and sometimes underestimate 
uncertainties — no real way to know if results are 
conservative or not) 

‣ At Les Houches in 2023, many discussions on how to 
quantify uncertainties in a more meaningful way 

‣ ATLAS uses an approach that factorizes uncertainties 
from the parton shower and hadronization 

‣ Want to understand the interplay between these 
effects

Quantifying uncertainties for 
parton showers and hadronization

2405.20206

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
https://arxiv.org/abs/2405.20206
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‣ LH23 studies started 
conversations on how to 
improve modeling 
uncertainties, but this was 
just the start 

‣ LH discussion: Can we 
provide stronger tests of 
these models? 

‣ LH study: Are we able to 
start comparing NLL PS 
predictions? 

‣ LH study: Can we test 
these grids?

Quantifying uncertainties for 
parton showers and hadronization

LH2023 Report

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
https://arxiv.org/pdf/2406.00708
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‣ Similar approach can be used for modeling 
uncertainties (not just jet uncertainties) 

‣ LH discussion: How can we handle challenges 
associated to statistical treatment of these 
uncertainties (e.g. use of envelopes with profile 
likelihood) 

‣ LH discussion: Is factorizing into parton shower 
and hadronization sufficient?

Quantifying uncertainties for 
parton showers and hadronization

From Josh McFayden and Betsy Cunnett

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
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‣ There are too many JSS observables to remember or 
measure… 

‣ Do not want to measure all of them, but want to know 
which are most effective at probing different aspects of jet 
formation 

‣ LH discussion: what specific PS and hadronization 
effects are theorists interested in testing? 

‣ At LH23, started scan over many different MC predictions 

‣ Compared to existing Rivet routines, and created new 
routine to study performance of new observables 

‣ LH study: can we do a more complete analysis of 
these results? 

‣ LH study: can we expand these results to more 
processes (currently just dijets)

Jet substructure exploration
2004.03540

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
https://arxiv.org/pdf/2004.03540
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‣ Many recent developments in improving the accuracy 
of parton shower models 

‣ Need to test these models, and to understand 
experimental impacts of missing effects 

‣ Complementary to understanding which observables 
are most important — need to know which observables 
and event topologies give us good insight into these 
new effects 

‣ Also need to discuss experimental feasibility of any 
strategies 

‣ LH discussion: what observables should we study to 
test NLL and NNLL parton showers?

Advanced parton shower models: 
experimental connections 2402.13052

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
https://arxiv.org/abs/2402.13052
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‣ Resurgence of JSS measurements in  
events using reanalyzed LEP data 

‣ Opportunity to test out effectiveness of new 
techniques in preparation for the possible future 

 colliders colliders 

‣ LH discussion: Are there any new 
measurements we could do with the existing data 
that would complement the LHC measurements? 

‣ Cleaner environment, but also smaller energy 
range, less access to perturbative QCD 

‣ LH discussion: What detector and 
reconstruction advances are needed to enable 
new measurements at future colliders? 

‣ e.g. better SV reconstruction, particle ID, etc.

e+e−

e+e−

Jet substructure in ee events 2111.09914 2211.13519 2501.01968

Collinear Back-to-back

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
https://arxiv.org/pdf/2111.09914
https://arxiv.org/abs/2211.13519
https://arxiv.org/abs/2501.01968
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‣ Recent theoretical advances in definitions of 
heavy flavor jets that can be experimentally 
reconstructed 

‣ Many discussions at LH23, with an upcoming 
paper describing the conclusions 

‣ Rough agreement between models in many 
cases, but still some mislabeling in many cases 

‣ LH study: how do these algorithms interact 
with JSS observables?

Heavy flavor jet tagging and g bb→

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php


9

 

‣ Interaction between choice of label and 
experimental flavor tagging training 

‣ Can result in inclusion of gluon splitting, or 
can aggressively remove training jets 

‣ LH discussion: Should we have a unified 
definition across experiments? 

‣ LH study: What are the experimental impacts 
of these choices?

Heavy flavor jet tagging and g bb→

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
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‣ A few measurements of g bb exist, but more precision 
is needed 

‣ Modeling is poorly constrained, but needed for better 
understanding and comparison of the different flavor 
algorithms 

‣ LH discussion: Are there any particular aspects that 
are important to measure? (e.g. rates, angles,  
dependence, etc) 

‣ LH discussion: How experimentally feasible are 
these measurements? 

‣ Relevant for better measurements of b-quark-initiated 
jets, but also for H bb measurements 

‣ LH study: Does double-b-tagging bias the selection? 

‣ LH study: Can we build on techniques for single b-jet 
reconstruction to create less biased measurements? 

‣ Many of these studies could be done at particle-level, 
with more detailed detector simulation later

→

pT

→

Heavy flavor jet tagging and g bb→
LH2023 Report

1812.09283

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
https://arxiv.org/pdf/2406.00708
https://arxiv.org/pdf/1812.09283
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‣ The expected amount of tape and disk 
space that we will need to store samples 
is not sufficient 

‣ Monte Carlo is a significant portion of 
this (and the part that we have the most 
control of) 

‣ 15% negative weights already means 
we need to generate double the 
number of events! 

‣ How can we be more efficient in our 
event generation to reduce amount of 
MC that we need to generate and store?

Negative weights 
and matching

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
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‣ Negative weights 
also cause difficulties 
in ML training 

‣ Most models are not 
set up to handle 
negative weights 

‣ LH study/
discussion: Are 
there better ways of 
handling these cases 
for ML training?

Negative weights and matching
A. Karlberg's slides

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
https://indico.cern.ch/event/1501347/contributions/6495717/attachments/3060745/5412296/050525NEGATIVE.pdf
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‣ Which samples are the most important to improve in 
the coming years? 

‣ Interplay with precision measurements: 2 3 NNLO 
jet production (and ) is currently limited by 
negative weights… 

‣  Recent workshop explored many of the different 
options for mitigating these effects 

‣ Wide variety of methods currently being explored, 
including better strategies to avoid negative weights, 
ML/AI methods to redistribute weights 

‣ LH discussion: What benchmarks should we use to 
compare their performance? 

‣ Multi-dimensional problem, relevant for multiple 
processes  cannot just use one metric!

→
αs

→

Negative weights and matching 2303.15246

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
https://indico.cern.ch/event/1501347
https://arxiv.org/pdf/2303.15246
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‣  threshold received significant attention in the 
last two years, particularly with the observation 
of quantum entanglement at the LHC 

‣ Excess compatible with  quasi-bound states 

‣ Crucial to understand:  

‣ Invariant  mass spectrum  

‣ Spin correlations  

‣ Issue: 

‣ Large discrepancies between ME 
generators  

‣ Significant impact of parton shower on 
predicted spin correlation

tt̄

tt̄

tt̄

Modelling of the  threshold tt̄
2311.07288

CMS entanglement: 2406.03976

2503.22382

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
https://arxiv.org/pdf/2311.07288
https://arxiv.org/abs/2406.03976
https://arxiv.org/pdf/2503.22382
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‣ Open questions:  

‣ Why do angular ordered showers 
change spin correlation (only) 
close to the threshold?  

‣ Are these changes correlated 
with the change in the predicted 
invariant mass spectrum ? 

Modelling of the  threshold tt̄

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
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‣ CMS uses NNLO+NLO EW tt  as  
baseline and adds a toponium signal  
inspired by NRQCD 

‣ arXiv:2505.00096 by Emanuele, Paolo and Luca  

‣ proposal to consider only the first few powers of 
/v  

‣ part of bound state effect might already be 
included in MiNNLO+PS 

‣ Open questions for LH: 

‣ How compatible are the theoretical approaches ? 

‣ How well do they fit to the data ? 

‣ What is a good model for quasi bound states ?

αs

Modelling of the  thresholdtt̄

https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php

