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Introduction - mtpole from +jettt̄

2

● First ATLAS measurement (Run 1 - 7 TeV): 
“Determination of the top-quark pole mass using +1-jet collected 
with the ATLAS experiment in 7 TeV pp collisions” 
JHEP 10 (2015) 121 

● ATLAS measurement (Run 1 - 8 TeV): 
“Measurement of the top-quark mass in +1-jet events collected 
with the ATLAS detector in pp collisions at  = 8 TeV” 
JHEP 11 (2019) 150 

● CMS measurement (Run 2 - 13 TeV): 
“Measurement of the top quark pole mass using +jet events in the 
dilepton final state at  = 13 TeV” 
JHEP 07 (2023) 077 

● Recent: ATLAS measurement (Run 2 - 13 TeV): 
“Measurement of the top quark pole mass in dileptonic +1-jet 
events at  = 13 TeV with the ATLAS experiment” 
arxiv:2507.02632

tt̄

tt̄

tt̄

tt̄

N.B. Plot needs an update



11

Introduction - mtpole from +jettt̄

● First ATLAS measurement (Run 1 - 7 TeV): 
“Determination of the top-quark pole mass using +1-jet collected 
with the ATLAS experiment in 7 TeV pp collisions” 
JHEP 10 (2015) 121 

● ATLAS measurement (Run 1 - 8 TeV): 
“Measurement of the top-quark mass in +1-jet events collected 
with the ATLAS detector in pp collisions at  = 8 TeV” 
JHEP 11 (2019) 150 

● CMS measurement (Run 2 - 13 TeV): 
“Measurement of the top quark pole mass using +jet events in the 
dilepton final state at  = 13 TeV” 
JHEP 07 (2023) 077 

● Recent: ATLAS measurement (Run 2 - 13 TeV): 
“Measurement of the top quark pole mass in dileptonic +1-jet 
events at  = 13 TeV with the ATLAS experiment” 
arxiv:2507.02632

tt̄

tt̄

tt̄

tt̄

3

sensitivity to mt

production 
threshold

High sensitivity at low energies, 
close to production threshold

Additional jet

! =
340GeV

mtt̄+jet
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Why should we combine them?

4

● Three of the most precise measurements of mtpole 
● Largely uncorrelated uncertainties 

! 8 vs 13 TeV 
! Dilepton vs. lepton+jets channel 

● “Simple” to reinterpret: 1D differential distribution 
● Less affected by tt threshold 
● Profit from the fact that authors are still around! 
● ATLAS 7/8TeV with “old” theor. prediction: 

! New predictions using dynamical scale JHEP 05 (2022) 146

Normalised cross section

Even NNLO? 
In exchange with the 

authors

See TOP2025

N.B. Plot needs an update

https://arxiv.org/abs/2202.07975
https://indico.cern.ch/event/1501204/contributions/6561357/attachments/3139567/5572304/Bayu_Top_2025.pdf


11

How can we combine them?

● Combination of ATLAS 8 TeV + CMS 13 TeV measurements 
! 7 TeV result basically superseded (and 2 GeV unc.) 
! Establish a setup in which new results could be added 

● Possible issues: 
! Different binning in ρ (4 vs. 8 vs. 7 bins) 
! Different CME (8 vs 13 TeV) 
! Different object definition at parton level (add. Jet pT: 50 vs. 30 GeV) 

! Different theoretical prediction (fixed vs. dyn. scale) 

! Combination at top mass level is unfeasible 

● Perform a combined extraction using the same predictions for 8 
and 13 TeV measurements 

! Needs a combined cross section 
! But also allows for reinterpretations

5
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Combining the differential cross sections

● Same problems here: binning, ρ definition, CME, … 

● But, we can correlate the uncertainties and get three “combined” 

distributions 

! Means introducing 4+8+7 POIs in the combination 

! Needs ideally a full uncertainty breakdown 

● CMS cross section based on likelihood unfolding: 

! Has nuisance parameters with correlations (constraints/pulls) 

! Provides the full covariance matrix, pulls, constraints, impacts, 

correlations, prefit and post fit on HEPData (link) 

● ATLAS result based on classical unfolding: 

! Auxiliary material only provides total normalised cov. matrix 

! Recently: ATLAS provided updated breakdown
6

CMS results on HEPData

ATLAS covariance

https://www.hepdata.net/record/ins2106483
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Combining the differential cross sections

● ATLAS provided the 8 and 13 TeV results consistent format: 
! All uncertainties and their impacts on the absolute cross section 
! With the full covariance matrix for the stat. uncertainty 

"  We can now combine the CMS +ATLAS absolute cross section directly! 

● Consistent 8 + 13 TeV predictions 
! PDF4LHC, CT18 done  
! MHSTW, ABMP, NNPDF31 planned  PDFs 
! + uncertainties/mass variations 

● We use Convino (Eur. Phys. J. C (2017) 77: 792) 
! Approximates the full likelihood 
! Can deal with externalised uncertainties (ATLAS) or 

nuisance parameters (CMS) 
! Was also used as a cross-check for the 

Run 1 mass combination (wrt. BLUE)

7

ATLAS also on HEPData

https://github.com/jkiesele/Convino/
https://www.hepdata.net/record/ins2942410?version=1
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Setting things up

● For CMS, straightforward implementation: 
! Reading in all nuisances + POIs with their constraint & 

correlation 
! Reading in externalised extrapolation uncertainties (for all 

modeling NPs) 
! Write to convino config file (232 nuisances) 

● For ATLAS, the setup is slightly different: 
! Information for all 8/7 bins, absolute cross section 
! Stat. uncertainties in form of the correlation matrix 
! In total >120 syst. uncertainties 

�† Added as external, non fitted uncertainties

8



11

Correlation assumptions
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● Profit from previous work! 
! Was ~already done: Run 1 direct top quark mass combination 
! "  Fully applicable for JES and modeling 

(no changes in JES prescription for CMS) 
● Looking at TOPLHC NOTE: link

● Our expectations are: 
! They shouldn’t really matter 

much, besides maybe 
�† b-JES (also in Run 1 

combination) 
�† tt0-jet normalization as it has 

a 
large impact for the CMS 
absolute 
measurement 

- Already ruled out! 
�† Some modeling 

uncertainties: perform 
dedicated scans!

https://cds.cern.ch/record/2103759/files/ATL-PHYS-PUB-2015-049.pdf
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Technical implementation

● Flexible code setup in place: 
! Fit “individual” measurements or combined 8+13 TeV 

cross sections (or any combination) 
! Consistent correlation of PDF uncertainties between 

centre-of-mass energies 
! Correlated/uncorrelated variation of ME scales 
! Freezing PDFs, different minimisers, … 

● Using consistent NLO tt+jet calculations 
! Powheg FO, alphaS = 0.118, scale = ET/2 
! Effectively smoothing theory prediction via polynomial 

interpolation of x-sec vs mass in each bin

10
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Conclusions and outlook

● Presented status for tt+jet-based mtpole combination: 
! Robust correlation scheme 
! We expect >20% improvement 
! Combined cross section can easily be re-fitted 

outside the experiments afterwards! 
● First consistent combinations including correct 

correlation treatment 
● Discussion within the ATLAS+CMS 

collaborations+LHCTopWG started 

● Next steps: 
! Adding ATLAS 13 TeV + correlations 
! Inclusion of more PDF sets 
! Adding NNLO predictions?

11

An outlook…?



Backup
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Correlation assumptions: tt modeling

● Checking the public note of the Run 1 combination: link 

● LHC Had: CMS b fragmentation and ATLAS Herwig vs Pythia 

● LHC Rad: ATLAS envelope of scales, hdamp, ISR/FSR 
CMS split of the same uncertainties 

● Color reconnection and UE: ATLAS sum, CMS breakdown

13

https://cds.cern.ch/record/2103759/files/ATL-PHYS-PUB-2015-049.pdf
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Correlation assumptions
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What matters?

ATLAS 8 TeV
CMS


