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Introduction

● Based on discussion at several workshops: 
■ Combination of ATLAS 8 TeV + CMS 13 TeV measurements 
－ As exercise and a proof-of-principle study 

■ Possible issues: 
－ Different binning in ρ (4 vs. 8 bins) 
－ Different CME (8 vs 13 TeV) 
－ Different object definition (add. Jet pT: 50 vs. 30 GeV) 
－ Different theoretical prediction (fixed vs. dyn. scale) 
－ Combination at mass level is unfeasible 

■ Make a combined extraction using the same predictions for 8 
and 13 TeV 
－ Needs a combined cross section 
－ But also allows for reinterpretations
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Combining the differential cross section?

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

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

distributions 

■ Means introducing 4+8 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 bin-by-bin unfolding: 

■ Auxiliary material only provides total normalised cov. matrix 

■ No HEPData entry… (Do we want to update this?)
3

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

● Davide provided the ATLAS 8 TeV results in original format (informally): 
■ All uncertainties and their impact on the normalised cross section 
■ Originally no information about the absolute one 
■ ATLAS-internal procedure to smooth systematics and provide the full 

covariance matrix for the absolute cross section 
■ → We can now combine the CMS +ATLAS absolute cross section directly! 

● Andrej produced consistent 8 + 13 TeV predictions 
■ PDF4LHC, NNPDF31, CT18, MHSTW, ABMP PDFs + uncertainties/mass 

variations 

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

nuisance parameters (CMS)
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https://github.com/jkiesele/Convino/
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Setting things up

● For CMS, straightforward: 
■ Load HEPData entry 
■ Read in all nuisances + POIs with their constraint & correlation 
■ Read in externalised extrapolation uncertainties (for all modeling NPs) 
■ Write in convino config file (232 nuisances) 

 

● We can validate the CMS only “combination”: 
■ Only write CMS inputs 
■ Combine the single result, i.e., let Convino build the likelihood 
■ Run a mass extraction on the “combined” result 
■ Spoiler: Good closure, configuration works
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NB: Only issue are the 
extrapolation uncertainties, as they 
are combined on HEPData (i.e. the 
total covariance). Breakdown and 

correlation found to have no 
impact. 
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Setting things up

● For ATLAS, it was a bit more complicated: 
■ Information for all 8 bins 
■ Stat. uncertainties in form of the correlation matrix 
■ In total 122 syst. uncertainties 
－ Added as external, non fitted uncertainties 

■ Also here, “closure” on extracted mass
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Correlation assumptions: JES
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Implement it one to one:

● How do we decide on the correlations? 
■ Work was ~already done: Run 1 direct top quark mass combination 
■ → Fully applicable for JES and modeling 

● Looking at TOPLHC NOTE: link

https://cds.cern.ch/record/2103759/files/ATL-PHYS-PUB-2015-049.pdf
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Correlation assumptions: tt modeling

● Checking the analysis 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
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Implement it similarly:

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

● Numbers taken from final table 
■ Correlation scans need to be done
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Correlation assumptions

10

What matters?

ATLAS
CMS



23

Correlation assumptions

● Numbers taken from final table 
■ Correlation scans need to be done 

● Our expectations are: 
■ They shouldn’t really matter, besides maybe 
－ b-JES (also Run 1 combination) 
－ tt0Jet normalization as it has a 

large impact for the CMS absolute 
measurement
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What matters?
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Looking at some impacts: no correlation setup
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ATLAS bins

CMS uncertainties, grouped
ATLAS uncertainties, grouped

x-axis: relative impact in % (max. is 20%)

CMS bins

● As expected, no cross-impacts

Little spoiler, but we look at the 
final numbers later
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Looking at some impacts: JES correlation setup
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ATLAS bins

CMS uncertainties, grouped
ATLAS uncertainties, grouped

x-axis: relative impact in % (max. is 20%)

CMS bins

JES

tt model

JES

● JES and tt modeling impact the other measurement, although only 
JES correlated by hand
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Looking at some impacts: JES+modeling correlation setup
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ATLAS bins

CMS uncertainties, grouped
ATLAS uncertainties, grouped

x-axis: relative impact in % (max. is 20%)

CMS bins

JES

tt model

JES

tt model
MC stat.

● JES and tt modeling impact the other measurement, although only 
JES correlated by hand 

● b jet efficiency and MC stat play a minor role, too

b jet eff.
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Looking at some impacts: JES+modeling+tt0jet correlation setup
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CMS uncertainties, grouped
ATLAS uncertainties, grouped

JES

tt model

JES

MC stat.

b jet eff.

tt model norm tt0jet

● JES and tt modeling impact the other measurement, although only JES 
correlated by hand 

● b jet efficiency and MC stat play a minor role, too 
● Explicitly correlated tt0jet makes no difference, entered already before
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Technical implementation - fitting setup

● Flexible setup in place: repository here 
■ Fit “individual” measurements or combined 8+13 TeV 

cross sections 
■ Consistent correlation of PDF uncertainties between 

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

● Using consistent NLO tt+j calculations (Thanks to Andrej!) 
■ Powheg FO, alphaS = 0.118, scale = ET/2 
■ Effectively smoothing theory prediction via polynomial 

interpolation of x-sec vs mass in each rho bin 

● NB: For all results shown, I use the CT18NLO PDF set 
● More to come soon (predictions for 8 TeV are running..)
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Thanks mostly to Matteo!

https://github.com/TTJMass/MassCombination
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Cross-check: CMS 13 TeV
● Using the HEPData public info in the same setup as used for 

the combination 
■ But, profiling the PDFs as in mt running paper 
■ mt = 172.08 ± 1.29 (exp) ± 0.41 (PDF) GeV 
■ Scale uncertainty = +0.32 -0.43 GeV 
■ Good closure and consistent results (within 50 MeV!
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Published result

Theory band includes PDFs + mtpole post-fit uncertainty
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ATLAS reinterpretation
● Results not directly comparable: 
■ Different theory prediction (dyn. scale) 
■ Different fit setup (PDF and systematics in the chi2 fit) 
■ mt = 172.23 ± 1.19 (exp) ± 0.27 (PDF) GeV 
■ Scale uncertainty = +0.11 -0.02 GeV

18

Published result
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Combination results

● mt = 172.25 ± 0.87 (exp) ± 0.28 (PDF) GeV 
■ → 0.91 (exp+PDF) GeV 

● Correlated scale uncertainty = +0.18 -0.19 GeV 
● Uncorrelated scale uncertainty = +0.14 -0.18 GeV 

● → more than 20% improvement wrt. most precise input (ATLAS)

19

0.92 GeV total 
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Consistency check: one parameter per experiment

● Two separate mass parameters fit simultaneously to ATLAS and 
CMS, taking correlations into account 

● Correlation includes experimental (tt+0j, JES, modelling) and PDFs 
● Mass values compatible within uncertainties
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ATLAS

CMS

mt CMS= 172.19 ± 1.28 (exp) ± 0.40 (PDF) GeV 
mt ATLAS = 172.47 ± 1.16 (exp) ± 0.24 (PDF) GeV 

Correlation = 12.1 % 
Difference = -0.3 ± 1.7 GeV 

Ratio = 0.998 ± 0.010
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Everything in one plot
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Standalone ATLAS

Standalone CMS

Contour from the 2D fit
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Let’s put it in comparison

● Input measurements as published 

● Reinterpretation standalone 
■ CMS results closes within 50 MeV 
－ New chi2 fit method, PDF as nuisance 

■ Testing extrapolation unc. assumptions 
● ATLAS result moves by 1.1 GeV towards CMS 

result 
■ ~10% more precise 

● Combination: 
■ Testing different correlation assumptions 
－ No correlation: 172.25 +/- 0.92 (total) GeV  
－ JES only: 172.25 +/- 0.91 (total) GeV 
－ JES+modeling: 172.33 +/- 0.93 (total) GeV 
－ JES+modeling+tt0jet: 172.35 +/- 0.93 (total) 

GeV
22
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 ABMP16⊗CMS 13 TeV, NLO 

 CT18⊗CMS 13 TeV, NLO 

 CT10⊗ATLAS 8 TeV, NLO 

 CT18⊗CMS 13 TeV, NLO 

 CT18⊗CMS - extr. corr 0.1 13 TeV, NLO 

 CT18⊗CMS - extr. corr 0.5 13 TeV, NLO 

 CT18⊗CMS - extr. corr 0.9 13 TeV, NLO 

 CT18⊗ATLAS 8 TeV, NLO 

 CT18⊗LHC - no corr. 8+13 TeV, NLO 

 CT18⊗LHC - JES corr. 8+13 TeV, NLO 

 CT18⊗LHC - JES+model corr. 8+13 TeV, NLO 

 CT18⊗LHC - JES+model+tt0jet corr. 8+13 TeV, NLO 

Published results

New results
Reinterpretations

Combinations

ATLAS+CMS
Work in Progress
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Conclusions and outlook

● We have a closed LHC top WG meeting 14th 
February 

● We have started writing a note 
■ Want to finalise most of it by the meeting 

● Additional correlation scans to be done 
● Inclusion of different PDF sets 

● Can only improve with published new 13 TeV 
results!
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