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Introduction

● Based on discussion at workshop in Valencia last year: 
■ 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
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https://indico.ific.uv.es/event/7171/timetable/#20230920.detailed
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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) 
■ Only for the absolute cross section 

● ATLAS result based on bin-by-bin unfolding: 
■ Auxiliary material only provides total normalised cov. matrix 
■ No HEPData entry…
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https://www.hepdata.net/record/ins2106483
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Combining the differential cross section?

● Davide managed to recover old files from old hard disks: 
■ All uncertainties and their impact on the normalised cross section 
■ No information about the absolute one… 
■ → We have to combine CMS absolute + ATLAS normalised 

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

variations 

● We cannot use BLUE, but can try Convino (Eur. Phys. J. C (2017) 77: 792) 
■ Aims to recover the full likelihood 
■ Can be fed with externalised uncertainties (ATLAS) or nuisance parameters 

(CMS) 
■ Offers also automated correlation scans
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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 confine 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 
－ (More in Matteo’s talk) 

■ 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. 



17

Setting things up

● For ATLAS, it’s a bit more complicated: 
■ Information for all 8 bins, although they are normalised… 
■ Information needs to be converted into the Hessian 
■ In total 122 uncertainties 
■ Took some turn-arounds and attempts 
－ Testing also removal of one bin 
－ Also here, closure on extracted mass
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Combining the results

● I’ll leave the interpretation and extraction to Matteo, but: 
■ We combined the results without correlations (noCorr) 
■ We correlated only the jet energy scale uncertainties (JES) 
■ We correlated in addition modeling uncertainties 
■ And we correlated the tt+0jet normalisation (CMS) with ATLAS modeling uncertainties 

● How did we decide on the correlations? 
■ Work was already done: Run 1 direct top quark mass combination 
■ We didn’t change the important uncertainty prescription (CMS) 
■ ATLAS input is Run 1 result 
■ → Fully applicable for JES and modeling

7



17

Correlation assumptions: JES

● Looking at TOPLHC NOTE: link
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Implement it one to one:

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

● Looking at analysis note of 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


17

Correlation assumptions

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

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

● Expectations: 
■ None will really matter, besides 
－ b-JES 
－ tt0Jet normalization as it has a 

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

CMS uncertainties, grouped
ATLAS uncertainties, grouped

x-axis: relative impact in % (max. is 25%)

CMS bins

● As expected, no cross-impacts
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Looking at some impacts: JES correlation

14

ATLAS bins

CMS uncertainties, grouped
ATLAS uncertainties, grouped

x-axis: relative impact in % (max. is 25%)

CMS bins

JES

tt model

JES

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

CMS uncertainties, grouped
ATLAS uncertainties, grouped

x-axis: relative impact in % (max. is 25%)

CMS bins

JES

tt model

JES

tt model
MC stat.

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

● b jet efficiency and MC stat pla a role, too

b jet eff.
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Looking at some impacts: JES+modeling+tt0jet correlation
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ATLAS bins

CMS uncertainties, grouped
ATLAS uncertainties, grouped

x-axis: relative impact in % (max. is 25%)

CMS bins

JES

tt model

JES

MC stat.

b jet eff.

tt model

norm tt0jet

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

● b jet efficiency and MC stat pla a role, too 
● Explicitly correlated tt0jet makes no difference, entered already before
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Conclusion and summary

● First combination attempt of 8 + 13 TeV results successful! 
■ ATL:AS normalised + CMS differential 

● Results look reasonable: 
■ Impacts as expected based on by-hand entered correlations 
■ Results seem largely uncorrelated 

● Most of the correlations we can take from existing work: 
■ Run 1 mass combination for JES + modeling 
■ We should run some scans to test the impact of the correlation 

● Technical steps implemented, we can run any combination we want 

● How does the extraction look like?
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