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The LHC Top working group

Goals

Combination of the results of the experiments
→ improve precision, evaluate compatibility
Study of the experimental and theoretical systematic uncertainties
Definition of measurements and tools (MC generators, theory calculations, ....)
Presentation of the results in a way useful for the theoretical interpretation

Members:

ATLAS: M. Owen (ATLAS contact), E. Shabalina, R. Schwienhorst (ATLAS top WG conveners)
CMS: M. Mulders (CMS contact), R. Gonzalez, M. Aldaya (CMS top WG conveners)
LHCb: S. Farry (LHCb contact)
LPCC: M. Mangano (LPCC contact)

+ combination contacts + task force contributors + theorists
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Combination working groups and results
Top pair cross section

ATLAS CONF-2012-134 CMS PAS-TOP-12-003 (7 TeV)
ATLAS CONF-2014-054 CMS PAS-TOP-14-016 (8 TeV)

Single top cross section (all 8 TeV)
ATLAS CONF-2013-098 CMS PAS-TOP-12-002 (t-channel)
ATLAS CONF-2014-052 CMS PAS-TOP-14-009 (tW channel)

Top mass (all 7 TeV)
ATLAS CONF-2012-095 CMS PAS-TOP-12-001

ATLAS CONF-2013-102 CMS PAS-TOP-13-005

arXiv 1403.4427 (LHC+Tevatron world combination)
Charge asymmetry

ATLAS CONF-2014-012 CMS PAS-TOP-14-006 (7 TeV)
arXiv 1709.05327 (7+8 TeV)

Differential distributions
Top quark pair production in association with Z or W
W helicity

ATLAS CONF-2013-033 CMS PAS-TOP-12-025 (7 TeV)
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https://arxiv.org/abs/1403.4427
https://arxiv.org/abs/1709.05327


Ongoing combinations

Top pair cross section
Combination of final 8 TeV
measurements

Single top cross section
Run-1 combination for all production
modes and Vtb

Differential distributions
Combination of 8 TeV parton level
distributions
Preparation for 13 TeV combination

Top mass — — — — — — — →
Preparation for Run-1 combination
Longer term: updated world combination

165 170 175 180
 [GeV]topm

0.5

6

ATLAS (Sep 2017)  0.42± 0.27 ±172.51 

CMS (Apr 2016)  0.47± 0.13 ±172.44 

D0 (Jul 2016)  0.64± 0.40 ±174.95 

CDF (Mar 2014)  0.74± 0.57 ±173.16 

Combinations ATLAS Preliminary

   syst.±   stat.   ±   topm

stat. uncertainty
total uncertainty

ATLAS Combination
stat. uncertainty
total uncertainty
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Summary plots

> 30 plots, updated regularly
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
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[1] JHEP 10 (2017) 129 [2] JHEP 02 (2017) 079
[3] CMS-PAS-TOP-17-003 [4] JHEP 04 (2016) 035
[5] EPJC 76 (2016) 55 [6] JHEP 02 (2017) 028
[7] ATLAS-CONF-2017-070 [8] JHEP 07 (2017) 003

from arXiv:1311.2028
Theory predictions

ATLAS+CMS Preliminary
LHCtopWG

November 2017

all other processes are zero
Each limit assumes that
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Combination method

Full likelihood combinations difficult to perform after publications
So far only: BLUE method, linear combination with the smallest overall uncertainty

Uncertainties and their correlations need to be known exactly arXiv 1307.4003 arXiv 1610.00422

In practice: uncertainties have (stat.) uncertainties, correlations can only be estimated

Estimating the correlations

Describe uncertainty X by nuisance parameter −1σ ≤ λX ≤ +1σ
If λCMS

X updated to +1σ, what follows for λATLAS
X ?

uncertainty for ATLAS needs to be updated in same way → ρ = 1
Sometimes the uncertainty effect is in opposite directions, behaves like ρ = −1

no prediction on shift in ATLAS possible → ρ = 0
(either shift is uncorrelated or starting point was different)
uncertain → ρ = 0.5

High correlation not always more conservative: can lead to negative weights and reduced
overall uncertainty. CMS-internal combinations often restrict ρ ≤ σmin/σmax

Stability checks are performed with variations of correlation assumptions
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https://arxiv.org/abs/1307.4003
https://arxiv.org/abs/1610.00422


Charge asymmetry arXiv 1709.05327 Top mass ATLAS CONF-2013-102 CMS PAS-TOP-13-005

Correlations need to be defined between ATLAS and CMS (ρLHC ) but even for different
measurements within experiments (ρexp) or between different years (ρyear )
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https://arxiv.org/abs/1709.05327


Jet/MET task force

Task: proper grouping of the systematic sources related to JES uncertainties
Work by ATLAS and CMS Jet/MET groups, to be used by everyone (not only TOP)

ATLAS PHYS-PUB-2014-020 CMS PAS-JME-14-003 (7 TeV) ATLAS PHYS-PUB-2015-049 CMS PAS-JME-15-001 (8 TeV)
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Each analysis needs to
evaluate all uncertainty
sources separately!
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b tagging task force

Task: grouping of the systematic sources related to b-tagging

(from Liza Mijovic)

For details, see slides from open meetings May 2014, Nov 2015
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https://indico.cern.ch/event/301787/contributions/690327/attachments/569945/785031/TOPLHC_140522_OpenSession.pdf
https://indico.cern.ch/event/403826/contributions/961655/attachments/1189542/1726361/Mijovic_18112015_toplhcwg_btag.pdf


Radiation and generators task force
Task: comparing the definition of systematic sources coming from the modelling of
radiation in the MC, and in general for generator settings in the two experiments

Differences in tt modeling uncertainties

ME generators
Run1: ATLAS Powheg vs. MC@NLO CMS MadGraph vs. Powheg
Run2: Powheg vs. MG5_aMCatNLO (but CMS uses FxFx merging)

Radiation uncertainty
ATLAS Tune A14 radiation variation, combined with Powheg µF ,R and hdamp (2 samples)
CMS Powheg µF ,R (weights) ⊕ Powheg hdamp ⊕ Pythia ISR ⊕ Pythia FSR (1+6 samples)

Hadronization uncertainty
ATLAS Powheg+Pythia 8 vs. Powheg + Herwig 7
CMS JEC flavor (Pythia 6 vs. Herwig++) ⊕ b fragmentation ⊕ BR B → `νX

Top pT modeling
ATLAS covered by Pythia vs. Herwig CMS explicit variation

Color reconnection
Run1: ATLAS on vs. loCR CMS on vs. off
Run2: ATLAS A14 UE variations CMS ERD on/off ⊕ new models
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Modeling correlations

Generator uncertainties are usually treated as correlated (ρ = 1) by their anticipated
effect, sometimes requires a more inclusive regrouping
Example: radiation uncertainty

ATLAS Tune A14 radiation variation, combined with Powheg µF ,R and hdamp (2 samples)
CMS Powheg µF ,R (weights) ⊕ Powheg hdamp ⊕ Pythia ISR ⊕ Pythia FSR (1+6 samples)

→ similar net effect: more/less radiation
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More “auxiliary” measurements
Regular discussion with theorists:

Which sets of modeling uncertainties should be used?
Which measurements for constraining them can be done directly in top quark events?
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Common MC sample

Working on a common MC sample for correlation studies (selection and systematics)
Many paths possible:

First success: ATLAS recreated CMS Powheg+Pythia 8 sample
Exact requirements are still to be defined (do we need identical event numbers?)

Do we need both ATLAS and CMS tunes, or can we agree on a neutral one?
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Common acceptance and pseudo-tops task force

Task: defining common conventions for a pseudo-top definition and acceptance where
both experiments should quote fiducial cross sections
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8 TeV parton level: Full phase space, top quark
definition and binning already compatible

Pseudo-top = top defined by decay products at
particle level, no dependence on generator record
Definition still work in progress, need improvements
CMS NOTE-2017-004

Need to resolve jet clustering: include neutrinos?
Ideally: define a common Rivet analysis with clear
physics goals (theory-input!),
optimize binning from combined ATLAS+CMS
migration matrix

Markus Seidel (CERN) News Experience from the LHCTopWG March 26, 2018 14 / 15



Summary

LHCTopWG very successful in core objective: getting combinations done!
Main workhorse: BLUE method
Lot of thought-work for correlation estimates (experiments, channels, years)

Study of systematic uncertainties
Very complete agreements on treatment of JEC and b tag uncertainties
Harmonization of modeling uncertainties often difficult after publication
“Helper” measurements performed by both experiments and discussed together

Combinations of one number (σtt,mt) still relatively straightforward
↔ combination of diff. measurements requires even more effort on common definitions
Next LHCTopWG open meeting: 15-16 May, https://indico.cern.ch/event/708573/
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