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Introduction             
• MC simulation is a crucial ingredient in top quark analyses: 

• good modelling of data and high accuracy predictions for interpretations 
• well-defined (small!) uncertainties → limiting factor in many precision measurements 

and searches 

• ATLAS and CMS use same generators but have different modelling uncertainty 
prescriptions: 
• understanding how to combine the differing strategies of ATLAS and CMS is critical
• LHCtopWG is ideal forum to discuss how to reduce modelling systematics

• TOP groups in both experiments have ‘standard’ recommendations to assess 
uncertainties → never to be considered as fixed recipes 
• matrix-elements (ME) scale:  and  scale variations 
• PDF: usually PDF4LHC recommendations 
• top quark pT modeling and top quark                                                                 

mass: very analysis-dependent
• uncertainties involving parton shower (PS)                                                                                           

generator → next slides

μME
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG


Overview of current PS 
uncertainty recommendations
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Also studying decorrelated variations  
for each branching type (g → qq, q → qg, …)



Overview of current PS 
uncertainty recommendations

Different parameter set and tuning datasets 
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• Different tunes in Pythia8: 
• different PS 𝛼𝑠 and PDF 

orders (LO, NLO, NNLO)
• Comparison to  production 

measurement at 13 TeV: 
• great agreement when 

merging additional NLO 
MEs (FxFx) in CMS

tt̄

JHEP 03 (2017) 157Eur. Phys. J. C 80 (2020) 4

https://link.springer.com/article/10.1007/JHEP03(2017)157
http://cms-results.web.cern.ch/cms-results/public-results/publications/GEN-17-001/index.html
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Overview of current PS 
uncertainty recommendations

• New models implemented in Pythia8: 
• MPI-based (default in CP5)
• QCD-inspired (CP5-CR1)
• Gluon-move (CP5-CR2) 

More details in 
backup slides

CMS-PAS-GEN-17-002

NEW

Carefully re-tuning CR models in 
Pythia8 still does not reduce the 

CR uncertainty on the most 
precise top mass measurement

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/GEN-17-002/index.html
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Overview of current PS 
uncertainty recommendations

- Reweighting at GEN level via 
transfer function based on LEP data 

- Comparison also to Peterson 
fragmentation function

- Dedicated MC samples with rB 
value from LEP data 

CMS-PAS-TOP-18-012

• Dedicated  measurement in 
CMS: extraction of rb from 
template fit to proxy distributions

• Pythia 8 function (rb = 0.855) in 
good agreement with the result

tt̄

ATLAS-CONF-2020-050

• Dedicated  measurement in 
ATLAS of fragmentation 
observables  

• Different models consistent with 
data at this level of precision

tt̄

More details in S. 

Wuchterl’s talk and in   

B. Yates YSF talk More details in     

S. Wuchterl’s talk 

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-18-012/index.html
https://cds.cern.ch/record/2730444
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Overview of current PS 
uncertainty recommendations
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Overview of current PS 
uncertainty recommendations

Studies performed aiming to 
deconvolute different effects 

(NLO matching algorithms and 
ME corrections)

ATLAS-PHYS-PUB-2020-023

top pT reweighted to NNLO

JHEP 02 (2019) 149 

https://cds.cern.ch/record/2730443
http://cds.cern.ch/record/2647715
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Overview of current PS 
uncertainty recommendations

hdamp (1.5 × 𝑚𝑡) based on 
data but not fitted

hdamp (1.58 × 𝑚𝑡) and 
uncertainties from fit to 
leading additional jet pT 

CMS-PAS-TOP-16-021 ATLAS-PHYS-PUB-2020-023

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-021/index.html
https://cds.cern.ch/record/2730443
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Overview of current PS 
uncertainty recommendations

Common CMS-ATLAS MC samples would help greatly in 
understanding and comparing many of these uncertainties!
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A Top Common sample
• A  sample with common settings would facilitate ATLAS-CMS combinations and 

comparisons: 
• could help to understand correlations of systematic uncertainties due to MC 

modelling  
• could remove differences in high-precision measurements (e.g. color reconnection 

models and parton shower / soft physics settings in top quark mass) 
• could be used as baseline prediction (e.g. for combination @13 TeV)

• First step towards sharing resources, for current and                                                 
future generators

• Effort carried out within the LHCtopWG:                                                                     
Michael Fenton, Dominic Hirschbühl, Giulia Negro,                                                         
and Reinhard Schwienhorst

tt̄
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Main settings in ATLAS and CMS
• Both experiments use a similar setup for  simulation, POWHEG-BOX (hvq) + 

Pythia8, but different nominal samples 
• many parameters are different: Powheg revision & settings, Pythia8 version & 

settings, usage of EvtGen, etc.

tt̄
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Common settings
• “Democratic” setup (not optimized to data): 

• same Pythia tune: Monash (basis of both ATLAS and CMS tunes) 
• approximate averages for all physical parameters 
• technical parameters mainly chosen from ATLAS setup
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Common sample v0.1
• Production of first sample with common settings (v0.1): 

• exchanged complete set of parameters 
• samples produced independently in the respective 

frameworks 
• LHE files produced and showered separately            

by each collaboration

• Focus on generating first ATLAS and CMS samples           
with same common settings
• no tuning to data yet
• no identical events expected,                                             

but overall agreement of samples

• Technical setup: 
• 10M inclusive events produced in each experiment 
• different Powheg revision but same HVQ program
• different Pythia version (not all available in respective                                 

frameworks) → checked that results are identical
• no usage of EvtGen
• comparisons performed at particle level with Rivet v3.1.2                                

and the “MC_TTBAR” routine (“ONELEP” mode) 

• Common settings and results documented in public note

CMS-NOTE-2021-005

ATLAS-PHYS-PUB-2021-016

https://cds.cern.ch/record/2772793?ln=enhttps://cds.cern.ch/record/2772793
https://cds.cern.ch/record/2771088
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Validation of samples
• Comparison of samples 

produced by both 
experiments using same 
common settings

Distributions are in 
perfect agreement within 
statistical uncertainties
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Validation of samples
• Comparison of samples 

produced by both 
experiments using same 
common settings

Distributions are in 
perfect agreement within 
statistical uncertainties
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Common vs ATLAS/CMS
• Comparisons of 

common settings to 
nominal settings of 
each experiment

• Difference between 
Common sample and 
ATLAS/CMS ones 
mainly due to different 
𝛼𝑠 of the tune 

ATLAS and CMS are tuned 
to their experimental results, 
while Common settings are 

not optimized to data
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Common vs ATLAS/CMS
• Comparisons of 

common settings to 
nominal settings of 
each experiment

• Difference between 
Common sample and 
ATLAS/CMS ones 
mainly due to different 
𝛼𝑠 of the tune 

ATLAS and CMS are tuned 
to their experimental results, 
while Common settings are 

not optimized to data
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Common sample v.02
• After first common sample (v0.1), first “physical” common sample (v0.2)

• set of parameters more tuned on data

• Physics setup for v0.2: 
• Powheg and Pythia settings agreed between ATLAS and CMS experts
• no usage of Evtgen

• Technical setup for v0.2: 
• LHE files produced by ATLAS (having more technical constraints) 
• use common LHE files, showered separately by CMS and ATLAS
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Powheg settings 
• Values in v0.1 mainly averaged between ATLAS and CMS

v0.2 
Common Proposal

v0.1

1.311 (PDG,  = 0.118)αs

2.085 (PDG, EW fit)

0.1083 (PDG, theory)

5.06 (4-loop calculation)

5.06 (4-loop calculation)
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Powheg-Pythia matching 
• Matching done using main31 routine

• Common proposal for v0.2: 
• decided to use CMS values (default settings from Pythia) 

• Further Powheg details 
• Main PDF: 

• NNPDF3.1 (NNPDF31_nlo_as_0118) 
• Systematic weights:

• replicas of NNPDF3.1 
• central PDF for NNPDF3.0 
• independent scale variations with 0.5 / 2.0

v0.1 v0.2 
Common Proposal

100
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Pythia settings 
• Settings from Monash tune used in v0.1: 

• no good agreement between common sample and nominal ATLAS and CMS samples 

• Common proposal for v0.2: 
• Monash tune + shower settings consistent with the Powheg Sudakov (Monash-CMW)
• keep default values for other settings 
• use Pythia8 default decay tables

• List of all settings: 
• http://www.atlas.uni-wuppertal.de/~hirsch/Pythia8_MonashCMW.txt

http://www.atlas.uni-wuppertal.de/~hirsch/Pythia8_MonashCMW.txt
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Status and next steps 
• First comparisons with v0.2 settings done: 

• much better agreement between common sample and nominal samples from ATLAS 
and CMS

• First comparisons of LHE files done: 
• tested that both experiments can read LHE files from the other experiment
• LHE files with 20k events produced in both experiments
• comparisons of weights distributions seem promising 

• Production of common sample v0.2 ongoing: 
• use common LHE files produced by ATLAS
• showering done independently in both experiments

• Comparisons at parton and particle level:
• additional Rivet routines (MC_PARTONICTOPS, MC_TTBAR, MC_FSPARTICLES)

• Comparisons to data: 
• select few Rivet routines like all-had, lepton+jets, dilepton 
• differential analyses, angular correlations, event kinematics, ISR and FSR

• Documentation of settings and results in a new PUB note 
• similar to v0.1 one but with more comparisons
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bb4l sample
• A  sample including all off-shell effects (i.e. double, single and non-resonant 

contributions):
• improves description of the off-shell phase space (currently modelled by tt+tW) 

for searches
• provides a theoretically more solid definition of the top quark mass
• one of the best MC setups for  but currently implemented only for different 

flavour leptons processes → difficult to use directly in comparisons with data 

tt̄

tt̄

NEW results 
from ATLAS

Implemented and 

validated in 2018 in CMS

More details in D. 
Rafanoharana’s poster 
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Summary
• ATLAS and CMS have different modelling uncertainty prescriptions → a common 

sample would be useful to:
• reduce modeling uncertainties
• facilitate ATLAS + CMS combinations

• First successfully produced MC sample with common settings (v0.1) 
• exchanged full list of Powheg and Pythia8 parameters, not optimised for 

agreement with data
• produced consistent samples in separate frameworks

• Production of first “physical” common sample (v0.2) ongoing: 
• agreed on v0.2 settings, more tuned to data
• common LHE files will be showered separately in both experiments
• documentation of settings and results in new PUB note:

• also comparisons to data at parton and particle level

• Ultimate goal: 
• real common sample using identical events 
• common Pythia8 tuning using ATLAS and CMS data 
• sharing of resources and of prescriptions for nominal and systematic 

uncertainties
Stay tuned.. new results 

coming soon!
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BACKUP
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Powheg settings
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Pythia settings
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Validation of samples
• Comparison of samples 

produced by both 
experiments using same 
common settings

• Distributions are in 
perfect agreement within 
statistical uncertainties
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Validation of samples
• Comparison of samples 

produced by both 
experiments using same 
common settings

• Distributions are in 
perfect agreement within 
statistical uncertainties 



31

Common vs ATLAS/CMS
• Comparisons of 

common settings to 
nominal settings of 
each experiment

• Difference between 
Common sample and 
ATLAS/CMS ones 
mainly due to different 
𝛼𝑠 of the tune 

ATLAS and CMS are tuned 
to their experimental results, 
while Common settings are 

not optimized to data
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Common vs ATLAS/CMS 
Common• Comparisons of 

common settings to 
nominal settings of 
each experiment

• Difference between 
Common sample and 
ATLAS/CMS ones 
mainly due to different 
𝛼𝑠 of the tune 

ATLAS and CMS are tuned 
to their experimental results, 
while Common settings are 

not optimized to data
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bb4l sample NEW
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bb4l sample NEW
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bb4l sample NEW
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Colour reconnection CMS-PAS-GEN-17-002

NEW

• Model used in default CMS Pythia8 UE tune: 
• MPI-based model (CP5)= simplest model with only one tunable 

parameter 

• New models implemented in Pythia8: 
• QCD-inspired model (CP5-CR1): adds the QCD colour rules on top            

of the minimisation of the string length

• Gluon-move model (CP5-CR2): moves the final-state gluons to a string 
piece belonging to different colour connected partons

Tune obtained 
by constraining 
simultaneously 
the parameters 
controlling the 
contributions of 
the MPI and of 
the CR model 

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/GEN-17-002/index.html
https://iopscience.iop.org/article/10.1088/1126-6708/2004/03/053
https://arxiv.org/abs/1505.01681
https://link.springer.com/article/10.1007/JHEP11(2014)043

