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Top mass measurements: current status

Reducing the uncertainty
further requires improving the
systematical component

Here we focus on the
modelling systematics

 [GeV]topm
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ATLAS+CMS Preliminary  = 7-13 TeVs summary, topm
LHCtopWG

shown below the line
(*) Superseded by results

September 2017

World Comb. Mar 2014, [7]
stat
total uncertainty

total  stat

 syst)± total (stat ± topm        Ref.s

ATLAS, l+jets (*) 7 TeV  [1] 1.35)± 1.55 (0.75 ±172.31 
ATLAS, dilepton (*) 7 TeV  [2] 1.50)± 1.63 (0.64 ±173.09 

CMS, l+jets 7 TeV  [3] 0.97)± 1.06 (0.43 ±173.49 

CMS, dilepton 7 TeV  [4] 1.46)± 1.52 (0.43 ±172.50 

CMS, all jets 7 TeV  [5] 1.23)± 1.41 (0.69 ±173.49 
LHCtop WGLHC comb. (Sep 2013) 7 TeV  [6] 0.88)± 0.95 (0.35 ±173.29 

World comb. (Mar 2014) 1.96-7 TeV  [7] 0.67)± 0.76 (0.36 ±173.34 
ATLAS, l+jets 7 TeV  [8] 1.02)± 1.27 (0.75 ±172.33 

ATLAS, dilepton 7 TeV  [8] 1.30)± 1.41 (0.54 ±173.79 

ATLAS, all jets 7 TeV  [9] 1.2)± 1.8 (1.4 ±175.1 

ATLAS, single top 8 TeV  [10] 2.0)± 2.1 (0.7 ±172.2 

ATLAS, dilepton 8 TeV  [11] 0.74)± 0.85 (0.41 ±172.99 

ATLAS, all jets 8 TeV  [12] 1.01)± 1.15 (0.55 ±173.72 

ATLAS, l+jets 8 TeV  [13] 0.82)± 0.91 (0.38 ±172.08 
)

l+jets, dil.
Sep 2017(ATLAS comb.  7+8 TeV  [13] 0.42)± 0.50 (0.27 ±172.51 

CMS, l+jets 8 TeV  [14] 0.48)± 0.51 (0.16 ±172.35 

CMS, dilepton 8 TeV  [14] 1.22)± 1.23 (0.19 ±172.82 

CMS, all jets 8 TeV  [14] 0.59)± 0.64 (0.25 ±172.32 

CMS, single top 8 TeV  [15] 0.95)± 1.22 (0.77 ±172.95 

CMS comb. (Sep 2015) 7+8 TeV  [14] 0.47)± 0.48 (0.13 ±172.44 

CMS, l+jets 13 TeV  [16] 0.62)± 0.63 (0.08 ±172.25 
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Top mass measurements methods

Standard (direct)

Template (ATLAS)

Ideogram (CMS)

Alternative (indirect)

Inclusive cross section

Differential cross sections

Leptonic observables, J/Ψ, ...
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Modelling uncertainty estimation

Matrix
Element

Compare POWHEG vs MC@NLO Compare POWHEG vs MC@NLO
(not included in the latest analyses)

Parton
Shower

Compare HERWIG vs PYTHIA JEC flavor: HERWIG vs PYTHIA (in JES only);
b jet modelling: vary the fragmentation functions +
B0/B+ branching

Scales,
radiation

ISF/FSR: comparing PYTHIA with two tunes
with different hdamp (Perugia RadLo/RadHi
tunes)

ME/PS matching: vary hdamp value in PYTHIA;
µR/µF scales: vary the scales by factors of 0.5, 2 (in ME
and ISR) or 1/

√
2,
√

2 (in FSR);
Early resonance decays: ERD on/off in PYTHIA8

CR Vary the Colour Reconnection Strength in
PYTHIA (Perugia tune with/w.o loCR)

Compare the default PYTHIA model to “QCD inspired”
and “gluon move” models

Underlying
event

Vary the number of Multi Parton Interactions in
PYTHIA (Perugia tune with/w.o mpiHi)

Vary the tuned Underlying Event parameters in
CUETP8M2T4

PDF Compare CT10 vs MSTW2008 vs NNPDF or
eigenvector variations or using CTEQ and CT10
reweighted to MSTW2008 and NNPDF

Using NNPDF replicas or CT10 or CT14 eigenvector vari-
ations
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Standard (direct)

Template (ATLAS) Ideogram (CMS)

� Top reconstruction using a kinematic fit
(in most analyses)

� Likelihood fit of one or several parameters using
templates/ideograms (1D or 2D fit)

� Templates/ideograms are built using MC with
several input mtop values (and other parameters
if used)

� External constrain (from the jet energy scale
uncertainty) could be added in the fit (“hybrid”
method)
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 [GeV]topm

ATLAS+CMS Preliminary  = 7-13 TeVs summary, topm
WGtopLHC

September 2018

World comb. (Mar 2014) [2]
stat

total uncertainty

total  stat

 syst)± total (stat ± topm        Ref.s

WGtopLHCLHC comb. (Sep 2013) 7 TeV  [1] 0.88)± 0.95 (0.35 ±173.29 

World comb. (Mar 2014) 1.96-7 TeV  [2] 0.67)± 0.76 (0.36 ±173.34 

ATLAS, l+jets 7 TeV  [3] 1.02)± 1.27 (0.75 ±172.33 

ATLAS, dilepton 7 TeV  [3] 1.30)± 1.41 (0.54 ±173.79 

ATLAS, all jets 7 TeV  [4] 1.2)± 1.8 (1.4 ±175.1 

ATLAS, single top 8 TeV  [5] 2.0)± 2.1 (0.7 ±172.2 

ATLAS, dilepton 8 TeV  [6] 0.74)± 0.85 (0.41 ±172.99 

ATLAS, all jets 8 TeV  [7] 1.01)± 1.15 (0.55 ±173.72 

ATLAS, l+jets 8 TeV  [8] 0.82)± 0.91 (0.38 ±172.08 

)
l+jets, dil.
Sep 2017(ATLAS comb.  7+8 TeV  [8] 0.42)± 0.50 (0.27 ±172.51 

CMS, l+jets 7 TeV  [9] 0.97)± 1.06 (0.43 ±173.49 

CMS, dilepton 7 TeV  [10] 1.46)± 1.52 (0.43 ±172.50 

CMS, all jets 7 TeV  [11] 1.23)± 1.41 (0.69 ±173.49 

CMS, l+jets 8 TeV  [12] 0.48)± 0.51 (0.16 ±172.35 

CMS, dilepton 8 TeV  [12] 1.22)± 1.23 (0.19 ±172.82 

CMS, all jets 8 TeV  [12] 0.59)± 0.64 (0.25 ±172.32 

CMS, single top 8 TeV  [13] 0.95)± 1.22 (0.77 ±172.95 

CMS comb. (Sep 2015) 7+8 TeV  [12] 0.47)± 0.48 (0.13 ±172.44 
CMS, l+jets 13 TeV  [14] 0.62)± 0.63 (0.08 ±172.25 

CMS, all jets 13 TeV  [15] 0.76)± 0.79 (0.20 ±172.34 
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All-hadronic channel

8 TeV JHEP 09 (2017) 118

Total uncertainty 1.15 GeV

Hadronisation gives the largest
contribution to the modelling uncertainty
(0.64 GeV ; 56% of the total
uncertainty)

Source of uncertainty �mtop [GeV ]

Monte Carlo generator 0.18 ± 0.21
Hadronisation modelling 0.64 ± 0.15
Parton distribution functions 0.04 ± 0.00
Initial/final-state radiation 0.10 ± 0.28
Underlying event 0.13 ± 0.16
Colour reconnection 0.12 ± 0.16
Bias in template method 0.06
Signal and bkgd parameterisation 0.09
Non all-hadronic tt̄ contribution 0.06
ABCD method vs. ABCDEF method 0.16
Trigger e�ciency 0.08 ± 0.01
Lepton/Emiss

T calibration 0.02 ± 0.01
Overall flavour-tagging 0.10 ± 0.00
Jet energy scale (JES) 0.60 ± 0.05
b-jet energy scale (bJES) 0.34 ± 0.02
Jet energy resolution 0.10 ± 0.04
Jet vertex fraction 0.03 ± 0.01

Total systematic uncertainty 1.01
Total statistical uncertainty 0.55

Total uncertainty 1.15

TOPQ-2015-03_tab_03

Hadronisation modelling

Source of uncertainty �mtop [GeV ]

Monte Carlo generator 0.18 ± 0.21
Hadronisation modelling 0.64 ± 0.15
Parton distribution functions 0.04 ± 0.00
Initial/final-state radiation 0.10 ± 0.28
Underlying event 0.13 ± 0.16
Colour reconnection 0.12 ± 0.16
Bias in template method 0.06
Signal and bkgd parameterisation 0.09
Non all-hadronic tt̄ contribution 0.06
ABCD method vs. ABCDEF method 0.16
Trigger e�ciency 0.08 ± 0.01
Lepton/Emiss

T calibration 0.02 ± 0.01
Overall flavour-tagging 0.10 ± 0.00
Jet energy scale (JES) 0.60 ± 0.05
b-jet energy scale (bJES) 0.34 ± 0.02
Jet energy resolution 0.10 ± 0.04
Jet vertex fraction 0.03 ± 0.01

Total systematic uncertainty 1.01
Total statistical uncertainty 0.55

Total uncertainty 1.15

…

13 TeV CMS-PAS-TOP-17-008

Total uncertainty: 0.83 GeV (2D), 1.04 GeV (1D), 0.72 GeV (hyb.)

Dominant modelling uncertainties:

Colour reconnection (∼0.4 GeV, ∼50% of the total)

JEC flavor (0.3–0.35 GeV, ∼30-40% of the total)

ME/PS matching for 2D/hybrid (0.2–0.3 GeV, 30–40% of the tot.)

ERD for 1D ( 0.38 GeV, ∼40% of the total)2D 1D hybrid
dm2D

t dJSF2D dm1D
t dmhyb

t dJSFhyb

[GeV] [%] [GeV] [GeV] [%]
Experimental uncertainties
Method calibration 0.06 0.2 0.06 0.06 0.2
JEC (quad. sum) 0.18 0.3 0.73 0.15 0.2
– Intercalibration �0.04 �0.1 +0.12 �0.04 �0.1
– MPFInSitu �0.03 0.0 +0.22 +0.08 +0.1
– Uncorrelated �0.17 �0.3 +0.69 +0.12 +0.2
Jet energy resolution �0.09 +0.2 +0.09 �0.04 +0.1
b tagging 0.02 0.0 0.01 0.02 0.0
Pileup �0.06 +0.1 0.00 �0.04 +0.1
Background 0.10 0.1 0.03 0.07 0.1
Trigger +0.04 �0.1 �0.04 +0.02 �0.1
Modeling uncertainties
JEC flavor (linear sum) �0.35 +0.1 �0.31 �0.34 0.0
– light quarks (uds) +0.10 �0.1 �0.01 +0.07 �0.1
– charm +0.03 0.0 �0.01 +0.02 0.0
– bottom �0.29 0.0 �0.29 �0.29 0.0
– gluon �0.19 +0.2 +0.03 �0.13 +0.2
b jet modeling (quad. sum) 0.09 0.0 0.09 0.09 0.0
– b frag. Bowler–Lund �0.07 0.0 �0.07 �0.07 0.0
– b frag. Peterson �0.05 0.0 �0.04 �0.05 0.0
– semileptonic b hadron decays �0.03 0.0 �0.03 �0.03 0.0
PDF 0.01 0.0 0.01 0.01 0.0
Ren. and fact. scales 0.05 0.0 0.04 0.04 0.0
ME/PS matching +0.32 ± 0.20 �0.3 �0.05 ± 0.14 +0.24 ± 0.18 �0.2
ISR PS scale +0.17 ± 0.17 �0.2 +0.13 ± 0.12 +0.12 ± 0.14 �0.1
FSR PS scale +0.22 ± 0.12 �0.2 +0.11 ± 0.08 +0.18 ± 0.11 �0.1
Top quark pT +0.03 0.0 +0.02 +0.03 0.0
Underlying event +0.16 ± 0.19 �0.3 �0.07 ± 0.14 +0.10 ± 0.17 �0.2
Early resonance decays +0.02 ± 0.28 +0.4 +0.38 ± 0.19 +0.13 ± 0.24 +0.3
CR modeling (max. shift) +0.41 ± 0.29 �0.4 �0.43 ± 0.20 �0.36 ± 0.25 �0.3
– “gluon move” (ERD on) +0.41 ± 0.29 �0.4 +0.10 ± 0.20 +0.32 ± 0.25 �0.3
– “QCD inspired” (ERD on) �0.32 ± 0.29 �0.1 �0.43 ± 0.20 �0.36 ± 0.25 �0.1
Total systematic 0.81 0.9 1.03 0.70 0.7
Statistical (expected) 0.21 0.2 0.16 0.20 0.1
Total (expected) 0.83 0.9 1.04 0.72 0.7

CMS-TOP-17-008_Table_001

…

      2D (total uncertainty 0.83 GeV)

      \begin{itemize}

        \item Colour reconnection modelling (0.41 GeV, 49\%)

        \item Jet energy calibration (0.35 GeV, 42\%)

        \item Matrix Element/Parton Shower matching (0.32 GeV, 39\%)

      \end{itemize}

      1D (total uncertainty 1.04 GeV)

      \begin{itemize}

        \item Colour reconnection modelling (0.43 GeV, 41\%)

        \item Early resonance decays (0.38 GeV, 37\%)

        \item Jet energy calibration (0.31 GeV, 30\%)

      \end{itemize}

      Hybrid (total uncertainty 0.72 GeV)

      \begin{itemize}

        \item Colour reconnection modelling (0.36 GeV, 50\%)

        \item Jet energy calibration (0.34 GeV, 47\%)

2D 1D hybrid
dm2D

t dJSF2D dm1D
t dmhyb

t dJSFhyb

[GeV] [%] [GeV] [GeV] [%]
Experimental uncertainties
Method calibration 0.06 0.2 0.06 0.06 0.2
JEC (quad. sum) 0.18 0.3 0.73 0.15 0.2
– Intercalibration �0.04 �0.1 +0.12 �0.04 �0.1
– MPFInSitu �0.03 0.0 +0.22 +0.08 +0.1
– Uncorrelated �0.17 �0.3 +0.69 +0.12 +0.2
Jet energy resolution �0.09 +0.2 +0.09 �0.04 +0.1
b tagging 0.02 0.0 0.01 0.02 0.0
Pileup �0.06 +0.1 0.00 �0.04 +0.1
Background 0.10 0.1 0.03 0.07 0.1
Trigger +0.04 �0.1 �0.04 +0.02 �0.1
Modeling uncertainties
JEC flavor (linear sum) �0.35 +0.1 �0.31 �0.34 0.0
– light quarks (uds) +0.10 �0.1 �0.01 +0.07 �0.1
– charm +0.03 0.0 �0.01 +0.02 0.0
– bottom �0.29 0.0 �0.29 �0.29 0.0
– gluon �0.19 +0.2 +0.03 �0.13 +0.2
b jet modeling (quad. sum) 0.09 0.0 0.09 0.09 0.0
– b frag. Bowler–Lund �0.07 0.0 �0.07 �0.07 0.0
– b frag. Peterson �0.05 0.0 �0.04 �0.05 0.0
– semileptonic b hadron decays �0.03 0.0 �0.03 �0.03 0.0
PDF 0.01 0.0 0.01 0.01 0.0
Ren. and fact. scales 0.05 0.0 0.04 0.04 0.0
ME/PS matching +0.32 ± 0.20 �0.3 �0.05 ± 0.14 +0.24 ± 0.18 �0.2
ISR PS scale +0.17 ± 0.17 �0.2 +0.13 ± 0.12 +0.12 ± 0.14 �0.1
FSR PS scale +0.22 ± 0.12 �0.2 +0.11 ± 0.08 +0.18 ± 0.11 �0.1
Top quark pT +0.03 0.0 +0.02 +0.03 0.0
Underlying event +0.16 ± 0.19 �0.3 �0.07 ± 0.14 +0.10 ± 0.17 �0.2
Early resonance decays +0.02 ± 0.28 +0.4 +0.38 ± 0.19 +0.13 ± 0.24 +0.3
CR modeling (max. shift) +0.41 ± 0.29 �0.4 �0.43 ± 0.20 �0.36 ± 0.25 �0.3
– “gluon move” (ERD on) +0.41 ± 0.29 �0.4 +0.10 ± 0.20 +0.32 ± 0.25 �0.3
– “QCD inspired” (ERD on) �0.32 ± 0.29 �0.1 �0.43 ± 0.20 �0.36 ± 0.25 �0.1
Total systematic 0.81 0.9 1.03 0.70 0.7
Statistical (expected) 0.21 0.2 0.16 0.20 0.1
Total (expected) 0.83 0.9 1.04 0.72 0.7

… …

2D 1D hybrid
dm2D

t dJSF2D dm1D
t dmhyb

t dJSFhyb

[GeV] [%] [GeV] [GeV] [%]
Experimental uncertainties
Method calibration 0.06 0.2 0.06 0.06 0.2
JEC (quad. sum) 0.18 0.3 0.73 0.15 0.2
– Intercalibration �0.04 �0.1 +0.12 �0.04 �0.1
– MPFInSitu �0.03 0.0 +0.22 +0.08 +0.1
– Uncorrelated �0.17 �0.3 +0.69 +0.12 +0.2
Jet energy resolution �0.09 +0.2 +0.09 �0.04 +0.1
b tagging 0.02 0.0 0.01 0.02 0.0
Pileup �0.06 +0.1 0.00 �0.04 +0.1
Background 0.10 0.1 0.03 0.07 0.1
Trigger +0.04 �0.1 �0.04 +0.02 �0.1
Modeling uncertainties
JEC flavor (linear sum) �0.35 +0.1 �0.31 �0.34 0.0
– light quarks (uds) +0.10 �0.1 �0.01 +0.07 �0.1
– charm +0.03 0.0 �0.01 +0.02 0.0
– bottom �0.29 0.0 �0.29 �0.29 0.0
– gluon �0.19 +0.2 +0.03 �0.13 +0.2
b jet modeling (quad. sum) 0.09 0.0 0.09 0.09 0.0
– b frag. Bowler–Lund �0.07 0.0 �0.07 �0.07 0.0
– b frag. Peterson �0.05 0.0 �0.04 �0.05 0.0
– semileptonic b hadron decays �0.03 0.0 �0.03 �0.03 0.0
PDF 0.01 0.0 0.01 0.01 0.0
Ren. and fact. scales 0.05 0.0 0.04 0.04 0.0
ME/PS matching +0.32 ± 0.20 �0.3 �0.05 ± 0.14 +0.24 ± 0.18 �0.2
ISR PS scale +0.17 ± 0.17 �0.2 +0.13 ± 0.12 +0.12 ± 0.14 �0.1
FSR PS scale +0.22 ± 0.12 �0.2 +0.11 ± 0.08 +0.18 ± 0.11 �0.1
Top quark pT +0.03 0.0 +0.02 +0.03 0.0
Underlying event +0.16 ± 0.19 �0.3 �0.07 ± 0.14 +0.10 ± 0.17 �0.2
Early resonance decays +0.02 ± 0.28 +0.4 +0.38 ± 0.19 +0.13 ± 0.24 +0.3
CR modeling (max. shift) +0.41 ± 0.29 �0.4 �0.43 ± 0.20 �0.36 ± 0.25 �0.3
– “gluon move” (ERD on) +0.41 ± 0.29 �0.4 +0.10 ± 0.20 +0.32 ± 0.25 �0.3
– “QCD inspired” (ERD on) �0.32 ± 0.29 �0.1 �0.43 ± 0.20 �0.36 ± 0.25 �0.1
Total systematic 0.81 0.9 1.03 0.70 0.7
Statistical (expected) 0.21 0.2 0.16 0.20 0.1
Total (expected) 0.83 0.9 1.04 0.72 0.7

… …

2D 1D hybrid
dm2D

t dJSF2D dm1D
t dmhyb

t dJSFhyb

[GeV] [%] [GeV] [GeV] [%]
Experimental uncertainties
Method calibration 0.06 0.2 0.06 0.06 0.2
JEC (quad. sum) 0.18 0.3 0.73 0.15 0.2
– Intercalibration �0.04 �0.1 +0.12 �0.04 �0.1
– MPFInSitu �0.03 0.0 +0.22 +0.08 +0.1
– Uncorrelated �0.17 �0.3 +0.69 +0.12 +0.2
Jet energy resolution �0.09 +0.2 +0.09 �0.04 +0.1
b tagging 0.02 0.0 0.01 0.02 0.0
Pileup �0.06 +0.1 0.00 �0.04 +0.1
Background 0.10 0.1 0.03 0.07 0.1
Trigger +0.04 �0.1 �0.04 +0.02 �0.1
Modeling uncertainties
JEC flavor (linear sum) �0.35 +0.1 �0.31 �0.34 0.0
– light quarks (uds) +0.10 �0.1 �0.01 +0.07 �0.1
– charm +0.03 0.0 �0.01 +0.02 0.0
– bottom �0.29 0.0 �0.29 �0.29 0.0
– gluon �0.19 +0.2 +0.03 �0.13 +0.2
b jet modeling (quad. sum) 0.09 0.0 0.09 0.09 0.0
– b frag. Bowler–Lund �0.07 0.0 �0.07 �0.07 0.0
– b frag. Peterson �0.05 0.0 �0.04 �0.05 0.0
– semileptonic b hadron decays �0.03 0.0 �0.03 �0.03 0.0
PDF 0.01 0.0 0.01 0.01 0.0
Ren. and fact. scales 0.05 0.0 0.04 0.04 0.0
ME/PS matching +0.32 ± 0.20 �0.3 �0.05 ± 0.14 +0.24 ± 0.18 �0.2
ISR PS scale +0.17 ± 0.17 �0.2 +0.13 ± 0.12 +0.12 ± 0.14 �0.1
FSR PS scale +0.22 ± 0.12 �0.2 +0.11 ± 0.08 +0.18 ± 0.11 �0.1
Top quark pT +0.03 0.0 +0.02 +0.03 0.0
Underlying event +0.16 ± 0.19 �0.3 �0.07 ± 0.14 +0.10 ± 0.17 �0.2
Early resonance decays +0.02 ± 0.28 +0.4 +0.38 ± 0.19 +0.13 ± 0.24 +0.3
CR modeling (max. shift) +0.41 ± 0.29 �0.4 �0.43 ± 0.20 �0.36 ± 0.25 �0.3
– “gluon move” (ERD on) +0.41 ± 0.29 �0.4 +0.10 ± 0.20 +0.32 ± 0.25 �0.3
– “QCD inspired” (ERD on) �0.32 ± 0.29 �0.1 �0.43 ± 0.20 �0.36 ± 0.25 �0.1
Total systematic 0.81 0.9 1.03 0.70 0.7
Statistical (expected) 0.21 0.2 0.16 0.20 0.1
Total (expected) 0.83 0.9 1.04 0.72 0.7

… …

2D 1D hybrid
dm2D

t dJSF2D dm1D
t dmhyb

t dJSFhyb

[GeV] [%] [GeV] [GeV] [%]
Experimental uncertainties
Method calibration 0.06 0.2 0.06 0.06 0.2
JEC (quad. sum) 0.18 0.3 0.73 0.15 0.2
– Intercalibration �0.04 �0.1 +0.12 �0.04 �0.1
– MPFInSitu �0.03 0.0 +0.22 +0.08 +0.1
– Uncorrelated �0.17 �0.3 +0.69 +0.12 +0.2
Jet energy resolution �0.09 +0.2 +0.09 �0.04 +0.1
b tagging 0.02 0.0 0.01 0.02 0.0
Pileup �0.06 +0.1 0.00 �0.04 +0.1
Background 0.10 0.1 0.03 0.07 0.1
Trigger +0.04 �0.1 �0.04 +0.02 �0.1
Modeling uncertainties
JEC flavor (linear sum) �0.35 +0.1 �0.31 �0.34 0.0
– light quarks (uds) +0.10 �0.1 �0.01 +0.07 �0.1
– charm +0.03 0.0 �0.01 +0.02 0.0
– bottom �0.29 0.0 �0.29 �0.29 0.0
– gluon �0.19 +0.2 +0.03 �0.13 +0.2
b jet modeling (quad. sum) 0.09 0.0 0.09 0.09 0.0
– b frag. Bowler–Lund �0.07 0.0 �0.07 �0.07 0.0
– b frag. Peterson �0.05 0.0 �0.04 �0.05 0.0
– semileptonic b hadron decays �0.03 0.0 �0.03 �0.03 0.0
PDF 0.01 0.0 0.01 0.01 0.0
Ren. and fact. scales 0.05 0.0 0.04 0.04 0.0
ME/PS matching +0.32 ± 0.20 �0.3 �0.05 ± 0.14 +0.24 ± 0.18 �0.2
ISR PS scale +0.17 ± 0.17 �0.2 +0.13 ± 0.12 +0.12 ± 0.14 �0.1
FSR PS scale +0.22 ± 0.12 �0.2 +0.11 ± 0.08 +0.18 ± 0.11 �0.1
Top quark pT +0.03 0.0 +0.02 +0.03 0.0
Underlying event +0.16 ± 0.19 �0.3 �0.07 ± 0.14 +0.10 ± 0.17 �0.2
Early resonance decays +0.02 ± 0.28 +0.4 +0.38 ± 0.19 +0.13 ± 0.24 +0.3
CR modeling (max. shift) +0.41 ± 0.29 �0.4 �0.43 ± 0.20 �0.36 ± 0.25 �0.3
– “gluon move” (ERD on) +0.41 ± 0.29 �0.4 +0.10 ± 0.20 +0.32 ± 0.25 �0.3
– “QCD inspired” (ERD on) �0.32 ± 0.29 �0.1 �0.43 ± 0.20 �0.36 ± 0.25 �0.1
Total systematic 0.81 0.9 1.03 0.70 0.7
Statistical (expected) 0.21 0.2 0.16 0.20 0.1
Total (expected) 0.83 0.9 1.04 0.72 0.7

… …

tetiana.moskalets@cern.ch | Systematics in the top mass measurements | April 24-26, 2019 | Slide 6 of 16

https://link.springer.com/article/10.1007/JHEP09(2017)118
https://cds.cern.ch/record/2628540


Lepton+jets channel

8 TeV, combination with
7 TeV measurements EPJC (2019) 79

Total uncertainty for the BDT selection — 0.91 GeV

Dominant modelling for the BDT selection:

Colour reconnection (0.19 GeV, 21% of the total)

Signal MC generator (0.16 GeV, 18% of the total)

Hadronisation (0.15 GeV, 18% of the total)
p

s = 7 TeV
p

s = 8 TeV

Event selection Standard Standard BDT

mtop result [GeV] 172.33 171.90 172.08

Statistics 0.75 0.38 0.39
– Stat. comp. (mtop) 0.23 0.12 0.11
– Stat. comp. (JSF) 0.25 0.11 0.11
– Stat. comp. (bJSF) 0.67 0.34 0.35

Method 0.11 ± 0.10 0.04 ± 0.11 0.13 ± 0.11

Signal Monte Carlo generator 0.22 ± 0.21 0.50 ± 0.17 0.16 ± 0.17
Hadronization 0.18 ± 0.12 0.05 ± 0.10 0.15 ± 0.10
Initial- and final-state QCD radiation 0.32 ± 0.06 0.28 ± 0.11 0.08 ± 0.11
Underlying event 0.15 ± 0.07 0.08 ± 0.15 0.08 ± 0.15
Colour reconnection 0.11 ± 0.07 0.37 ± 0.15 0.19 ± 0.15
Parton distribution function 0.25 ± 0.00 0.08 ± 0.00 0.09 ± 0.00

Background normalization 0.10 ± 0.00 0.04 ± 0.00 0.08 ± 0.00
W+jets shape 0.29 ± 0.00 0.05 ± 0.00 0.11 ± 0.00
Fake leptons shape 0.05 ± 0.00 0 0

Jet energy scale 0.58 ± 0.11 0.63 ± 0.02 0.54 ± 0.02
Relative b-to-light-jet energy scale 0.06 ± 0.03 0.05 ± 0.01 0.03 ± 0.01
Jet energy resolution 0.22 ± 0.11 0.23 ± 0.03 0.20 ± 0.04
Jet reconstruction e�ciency 0.12 ± 0.00 0.04 ± 0.01 0.02 ± 0.01
Jet vertex fraction 0.01 ± 0.00 0.13 ± 0.01 0.09 ± 0.01
b-tagging 0.50 ± 0.00 0.37 ± 0.00 0.38 ± 0.00
Leptons 0.04 ± 0.00 0.16 ± 0.01 0.16 ± 0.01
Missing transverse momentum 0.15 ± 0.04 0.08 ± 0.01 0.05 ± 0.01
Pile-up 0.02 ± 0.01 0.14 ± 0.01 0.15 ± 0.01

Total systematic uncertainty 1.04 ± 0.08 1.07 ± 0.10 0.82 ± 0.06

Total 1.28 ± 0.08 1.13 ± 0.10 0.91 ± 0.06

TOPQ-2017-03_tab_03

…

    Standard selection (total uncertainty 1.13 GeV):

    \begin{itemize}

      \item Signal Monte Carlo generator (0.50 GeV, 44\%)

      \item Colour reconnection (0.37 GeV, 33\%)

      \item Initial- and final-state QCD radiation (0.28 GeV, 25\%)

    \end{itemize}


    BDT selection (total uncertainty 0.91 GeV):

    \begin{itemize}

      \item Colour reconnection (0.19 GeV, 21\%)

      \item Signal Monte Carlo generator (0.16 GeV, 18\%)

      \item Hadronisation (0.15 GeV, 18\%)

    \end{itemize}


p
s = 7 TeV

p
s = 8 TeV

Event selection Standard Standard BDT

mtop result [GeV] 172.33 171.90 172.08

Statistics 0.75 0.38 0.39
– Stat. comp. (mtop) 0.23 0.12 0.11
– Stat. comp. (JSF) 0.25 0.11 0.11
– Stat. comp. (bJSF) 0.67 0.34 0.35

Method 0.11 ± 0.10 0.04 ± 0.11 0.13 ± 0.11

Signal Monte Carlo generator 0.22 ± 0.21 0.50 ± 0.17 0.16 ± 0.17
Hadronization 0.18 ± 0.12 0.05 ± 0.10 0.15 ± 0.10
Initial- and final-state QCD radiation 0.32 ± 0.06 0.28 ± 0.11 0.08 ± 0.11
Underlying event 0.15 ± 0.07 0.08 ± 0.15 0.08 ± 0.15
Colour reconnection 0.11 ± 0.07 0.37 ± 0.15 0.19 ± 0.15
Parton distribution function 0.25 ± 0.00 0.08 ± 0.00 0.09 ± 0.00

Background normalization 0.10 ± 0.00 0.04 ± 0.00 0.08 ± 0.00
W+jets shape 0.29 ± 0.00 0.05 ± 0.00 0.11 ± 0.00
Fake leptons shape 0.05 ± 0.00 0 0

Jet energy scale 0.58 ± 0.11 0.63 ± 0.02 0.54 ± 0.02
Relative b-to-light-jet energy scale 0.06 ± 0.03 0.05 ± 0.01 0.03 ± 0.01
Jet energy resolution 0.22 ± 0.11 0.23 ± 0.03 0.20 ± 0.04
Jet reconstruction e�ciency 0.12 ± 0.00 0.04 ± 0.01 0.02 ± 0.01
Jet vertex fraction 0.01 ± 0.00 0.13 ± 0.01 0.09 ± 0.01
b-tagging 0.50 ± 0.00 0.37 ± 0.00 0.38 ± 0.00
Leptons 0.04 ± 0.00 0.16 ± 0.01 0.16 ± 0.01
Missing transverse momentum 0.15 ± 0.04 0.08 ± 0.01 0.05 ± 0.01
Pile-up 0.02 ± 0.01 0.14 ± 0.01 0.15 ± 0.01

Total systematic uncertainty 1.04 ± 0.08 1.07 ± 0.10 0.82 ± 0.06

Total 1.28 ± 0.08 1.13 ± 0.10 0.91 ± 0.06

p
s = 7 TeV

p
s = 8 TeV

Event selection Standard Standard BDT

mtop result [GeV] 172.33 171.90 172.08

Statistics 0.75 0.38 0.39
– Stat. comp. (mtop) 0.23 0.12 0.11
– Stat. comp. (JSF) 0.25 0.11 0.11
– Stat. comp. (bJSF) 0.67 0.34 0.35

Method 0.11 ± 0.10 0.04 ± 0.11 0.13 ± 0.11

Signal Monte Carlo generator 0.22 ± 0.21 0.50 ± 0.17 0.16 ± 0.17
Hadronization 0.18 ± 0.12 0.05 ± 0.10 0.15 ± 0.10
Initial- and final-state QCD radiation 0.32 ± 0.06 0.28 ± 0.11 0.08 ± 0.11
Underlying event 0.15 ± 0.07 0.08 ± 0.15 0.08 ± 0.15
Colour reconnection 0.11 ± 0.07 0.37 ± 0.15 0.19 ± 0.15
Parton distribution function 0.25 ± 0.00 0.08 ± 0.00 0.09 ± 0.00

Background normalization 0.10 ± 0.00 0.04 ± 0.00 0.08 ± 0.00
W+jets shape 0.29 ± 0.00 0.05 ± 0.00 0.11 ± 0.00
Fake leptons shape 0.05 ± 0.00 0 0

Jet energy scale 0.58 ± 0.11 0.63 ± 0.02 0.54 ± 0.02
Relative b-to-light-jet energy scale 0.06 ± 0.03 0.05 ± 0.01 0.03 ± 0.01
Jet energy resolution 0.22 ± 0.11 0.23 ± 0.03 0.20 ± 0.04
Jet reconstruction e�ciency 0.12 ± 0.00 0.04 ± 0.01 0.02 ± 0.01
Jet vertex fraction 0.01 ± 0.00 0.13 ± 0.01 0.09 ± 0.01
b-tagging 0.50 ± 0.00 0.37 ± 0.00 0.38 ± 0.00
Leptons 0.04 ± 0.00 0.16 ± 0.01 0.16 ± 0.01
Missing transverse momentum 0.15 ± 0.04 0.08 ± 0.01 0.05 ± 0.01
Pile-up 0.02 ± 0.01 0.14 ± 0.01 0.15 ± 0.01

Total systematic uncertainty 1.04 ± 0.08 1.07 ± 0.10 0.82 ± 0.06

Total 1.28 ± 0.08 1.13 ± 0.10 0.91 ± 0.06

…

…
…

7–8 TeV PRD 93 (2016) 072004

Total uncertainty: 0.6 GeV (1D/2D), 0.51 GeV (hyb.)

Dominant modelling uncertainties:

JEC flavour (∼0.3 GeV, ∼ 50% of the total)

µR/µF scales (∼0.1–0.2 GeV, ∼ 20–40% of the total)

CMS-TOP-14-022_Table_001

mt fit type
Lepton+jets channel 2D 1D hybrid

dm2D
t (GeV) dJSF dm1D

t (GeV) dmhyb
t (GeV)

Experimental uncertainties
Method calibration 0.04 0.001 0.04 0.04
Jet energy corrections
– JEC: Intercalibration <0.01 <0.001 +0.02 +0.01
– JEC: In situ calibration �0.01 +0.003 +0.24 +0.12
– JEC: Uncorrelated non-pileup +0.09 �0.004 �0.26 �0.10
– JEC: Uncorrelated pileup +0.06 �0.002 �0.11 �0.04
Lepton energy scale +0.01 <0.001 +0.01 +0.01
Emiss

T scale +0.04 <0.001 +0.03 +0.04
Jet energy resolution �0.11 +0.002 +0.05 �0.03
b tagging +0.06 < 0.001 +0.04 +0.06
Pileup �0.12 +0.002 +0.05 �0.04
Backgrounds +0.05 < 0.001 +0.01 +0.03
Modeling of hadronization
JEC: Flavor-dependent
– light quarks (u d s) +0.11 �0.002 �0.02 +0.05
– charm +0.03 <0.001 �0.01 +0.01
– bottom �0.32 <0.001 �0.31 �0.32
– gluon �0.22 +0.003 +0.05 �0.08
b jet modeling
– b fragmentation +0.06 �0.001 �0.06 <0.01
– Semileptonic b hadron decays �0.16 <0.001 �0.15 �0.16
Modeling of perturbative QCD
PDF 0.09 0.001 0.06 0.04
Ren. and fact. scales +0.17 ± 0.08 �0.004 ± 0.001 �0.24 ± 0.06 �0.09 ± 0.07
ME-PS matching threshold +0.11 ± 0.09 �0.002 ± 0.001 �0.07 ± 0.06 +0.03 ± 0.07
ME generator �0.07 ± 0.11 �0.001 ± 0.001 �0.16 ± 0.07 �0.12 ± 0.08
Top quark pT +0.16 �0.003 �0.11 +0.02
Modeling of soft QCD
Underlying event +0.15 ± 0.15 �0.002 ± 0.001 +0.07 ± 0.09 +0.08 ± 0.11
Color reconnection modeling +0.11 ± 0.13 �0.002 ± 0.001 �0.09 ± 0.08 +0.01 ± 0.09
Total systematic 0.59 0.007 0.62 0.48
Statistical 0.20 0.002 0.12 0.16
Total 0.62 0.007 0.63 0.51

mt fit type
Lepton+jets channel 2D 1D hybrid

dm2D
t (GeV) dJSF dm1D

t (GeV) dmhyb
t (GeV)

Experimental uncertainties
Method calibration 0.04 0.001 0.04 0.04
Jet energy corrections
– JEC: Intercalibration <0.01 <0.001 +0.02 +0.01
– JEC: In situ calibration �0.01 +0.003 +0.24 +0.12
– JEC: Uncorrelated non-pileup +0.09 �0.004 �0.26 �0.10
– JEC: Uncorrelated pileup +0.06 �0.002 �0.11 �0.04
Lepton energy scale +0.01 <0.001 +0.01 +0.01
Emiss

T scale +0.04 <0.001 +0.03 +0.04
Jet energy resolution �0.11 +0.002 +0.05 �0.03
b tagging +0.06 < 0.001 +0.04 +0.06
Pileup �0.12 +0.002 +0.05 �0.04
Backgrounds +0.05 < 0.001 +0.01 +0.03
Modeling of hadronization
JEC: Flavor-dependent
– light quarks (u d s) +0.11 �0.002 �0.02 +0.05
– charm +0.03 <0.001 �0.01 +0.01
– bottom �0.32 <0.001 �0.31 �0.32
– gluon �0.22 +0.003 +0.05 �0.08
b jet modeling
– b fragmentation +0.06 �0.001 �0.06 <0.01
– Semileptonic b hadron decays �0.16 <0.001 �0.15 �0.16
Modeling of perturbative QCD
PDF 0.09 0.001 0.06 0.04
Ren. and fact. scales +0.17 ± 0.08 �0.004 ± 0.001 �0.24 ± 0.06 �0.09 ± 0.07
ME-PS matching threshold +0.11 ± 0.09 �0.002 ± 0.001 �0.07 ± 0.06 +0.03 ± 0.07
ME generator �0.07 ± 0.11 �0.001 ± 0.001 �0.16 ± 0.07 �0.12 ± 0.08
Top quark pT +0.16 �0.003 �0.11 +0.02
Modeling of soft QCD
Underlying event +0.15 ± 0.15 �0.002 ± 0.001 +0.07 ± 0.09 +0.08 ± 0.11
Color reconnection modeling +0.11 ± 0.13 �0.002 ± 0.001 �0.09 ± 0.08 +0.01 ± 0.09
Total systematic 0.59 0.007 0.62 0.48
Statistical 0.20 0.002 0.12 0.16
Total 0.62 0.007 0.63 0.51

……
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Lepton+jets channel

7–8 TeV PRD 93 (2016) 072004

Total uncertainty: 0.6 GeV (1D/2D), 0.51 GeV (hyb.)

Dominant modelling uncertainties:

JEC flavour (∼0.3 GeV, ∼ 50% of the total)

µR/µF scales (∼0.1–0.2 GeV, ∼ 20–40% of the total)

CMS-TOP-14-022_Table_001

mt fit type
Lepton+jets channel 2D 1D hybrid

dm2D
t (GeV) dJSF dm1D

t (GeV) dmhyb
t (GeV)

Experimental uncertainties
Method calibration 0.04 0.001 0.04 0.04
Jet energy corrections
– JEC: Intercalibration <0.01 <0.001 +0.02 +0.01
– JEC: In situ calibration �0.01 +0.003 +0.24 +0.12
– JEC: Uncorrelated non-pileup +0.09 �0.004 �0.26 �0.10
– JEC: Uncorrelated pileup +0.06 �0.002 �0.11 �0.04
Lepton energy scale +0.01 <0.001 +0.01 +0.01
Emiss

T scale +0.04 <0.001 +0.03 +0.04
Jet energy resolution �0.11 +0.002 +0.05 �0.03
b tagging +0.06 < 0.001 +0.04 +0.06
Pileup �0.12 +0.002 +0.05 �0.04
Backgrounds +0.05 < 0.001 +0.01 +0.03
Modeling of hadronization
JEC: Flavor-dependent
– light quarks (u d s) +0.11 �0.002 �0.02 +0.05
– charm +0.03 <0.001 �0.01 +0.01
– bottom �0.32 <0.001 �0.31 �0.32
– gluon �0.22 +0.003 +0.05 �0.08
b jet modeling
– b fragmentation +0.06 �0.001 �0.06 <0.01
– Semileptonic b hadron decays �0.16 <0.001 �0.15 �0.16
Modeling of perturbative QCD
PDF 0.09 0.001 0.06 0.04
Ren. and fact. scales +0.17 ± 0.08 �0.004 ± 0.001 �0.24 ± 0.06 �0.09 ± 0.07
ME-PS matching threshold +0.11 ± 0.09 �0.002 ± 0.001 �0.07 ± 0.06 +0.03 ± 0.07
ME generator �0.07 ± 0.11 �0.001 ± 0.001 �0.16 ± 0.07 �0.12 ± 0.08
Top quark pT +0.16 �0.003 �0.11 +0.02
Modeling of soft QCD
Underlying event +0.15 ± 0.15 �0.002 ± 0.001 +0.07 ± 0.09 +0.08 ± 0.11
Color reconnection modeling +0.11 ± 0.13 �0.002 ± 0.001 �0.09 ± 0.08 +0.01 ± 0.09
Total systematic 0.59 0.007 0.62 0.48
Statistical 0.20 0.002 0.12 0.16
Total 0.62 0.007 0.63 0.51

mt fit type
Lepton+jets channel 2D 1D hybrid

dm2D
t (GeV) dJSF dm1D

t (GeV) dmhyb
t (GeV)

Experimental uncertainties
Method calibration 0.04 0.001 0.04 0.04
Jet energy corrections
– JEC: Intercalibration <0.01 <0.001 +0.02 +0.01
– JEC: In situ calibration �0.01 +0.003 +0.24 +0.12
– JEC: Uncorrelated non-pileup +0.09 �0.004 �0.26 �0.10
– JEC: Uncorrelated pileup +0.06 �0.002 �0.11 �0.04
Lepton energy scale +0.01 <0.001 +0.01 +0.01
Emiss

T scale +0.04 <0.001 +0.03 +0.04
Jet energy resolution �0.11 +0.002 +0.05 �0.03
b tagging +0.06 < 0.001 +0.04 +0.06
Pileup �0.12 +0.002 +0.05 �0.04
Backgrounds +0.05 < 0.001 +0.01 +0.03
Modeling of hadronization
JEC: Flavor-dependent
– light quarks (u d s) +0.11 �0.002 �0.02 +0.05
– charm +0.03 <0.001 �0.01 +0.01
– bottom �0.32 <0.001 �0.31 �0.32
– gluon �0.22 +0.003 +0.05 �0.08
b jet modeling
– b fragmentation +0.06 �0.001 �0.06 <0.01
– Semileptonic b hadron decays �0.16 <0.001 �0.15 �0.16
Modeling of perturbative QCD
PDF 0.09 0.001 0.06 0.04
Ren. and fact. scales +0.17 ± 0.08 �0.004 ± 0.001 �0.24 ± 0.06 �0.09 ± 0.07
ME-PS matching threshold +0.11 ± 0.09 �0.002 ± 0.001 �0.07 ± 0.06 +0.03 ± 0.07
ME generator �0.07 ± 0.11 �0.001 ± 0.001 �0.16 ± 0.07 �0.12 ± 0.08
Top quark pT +0.16 �0.003 �0.11 +0.02
Modeling of soft QCD
Underlying event +0.15 ± 0.15 �0.002 ± 0.001 +0.07 ± 0.09 +0.08 ± 0.11
Color reconnection modeling +0.11 ± 0.13 �0.002 ± 0.001 �0.09 ± 0.08 +0.01 ± 0.09
Total systematic 0.59 0.007 0.62 0.48
Statistical 0.20 0.002 0.12 0.16
Total 0.62 0.007 0.63 0.51

……

13 TeV EPJC 78 (2018) 891

Total unc.: 0.7 GeV (2D), 1 GeV (1D), 0.5 GeV (hyb.)

Dominant modelling uncertainties:

JEC flavor (∼0.4 GeV, ∼60% of the total)

CR (∼0.3 GeV, ∼50% of the total)

ERD for 1D (0.42 GeV, ∼40% of the total)
2D approach 1D approach Hybrid

dm2D
t dJSF2D dm1D

t dmhyb
t dJSFhyb

[GeV] [%] [GeV] [GeV] [%]
Experimental uncertainties
Method calibration 0.05 <0.1 0.05 0.05 <0.1
JEC (quad. sum) 0.13 0.2 0.83 0.18 0.3
– InterCalibration (�0.02) (<0.1) (+0.16) (+0.04) (<0.1)
– MPFInSitu (�0.01) (<0.1) (+0.23) (+0.07) (<0.1)
– Uncorrelated (�0.13) (+0.2) (+0.78) (+0.16) (+0.3)
Jet energy resolution �0.08 +0.1 +0.04 �0.04 +0.1
b tagging +0.03 <0.1 +0.01 +0.03 <0.1
Pileup �0.08 +0.1 +0.02 �0.05 +0.1
Non-tt background +0.04 �0.1 �0.02 +0.02 �0.1

Modeling uncertainties
JEC Flavor (linear sum) 0.42 0.1 0.31 0.39 <0.1
– light quarks (uds) (+0.10) (�0.1) (�0.01) (+0.06) (�0.1)
– charm (+0.02) (<0.1) (�0.01) (+0.01) (<0.1)
– bottom (�0.32) (<0.1) (�0.31) (�0.32) (<0.1)
– gluon (�0.22) (+0.3) (+0.02) (�0.15) (+0.2)
b jet modeling (quad. sum) 0.13 0.1 0.09 0.12 <0.1
– b frag. Bowler–Lund (�0.07) (+0.1) (�0.01) (�0.05) (<0.1)
– b frag. Peterson (+0.04) (<0.1) (+0.05) (+0.04) (<0.1)
– semileptonic B decays (+0.11) (<0.1) (+0.08) (+0.10) (<0.1)
PDF 0.02 <0.1 0.02 0.02 <0.1
Ren. and fact. scales 0.02 0.1 0.02 0.01 <0.1
ME/PS matching �0.08 +0.1 +0.03 �0.05 +0.1
ME generator +0.19 ± 0.14 +0.1 +0.29 ± 0.08 +0.22 ± 0.11 +0.1
ISR PS scale +0.07 ± 0.09 +0.1 +0.10 ± 0.05 +0.06 ± 0.07 <0.1
FSR PS scale +0.24 ± 0.06 �0.4 �0.22 ± 0.04 +0.13 ± 0.05 �0.3
Top quark pT +0.02 �0.1 �0.06 �0.01 �0.1
Underlying event �0.10 ± 0.08 +0.1 +0.01 ± 0.05 �0.07 ± 0.07 +0.1
Early resonance decays �0.22 ± 0.09 +0.8 +0.42 ± 0.05 �0.03 ± 0.07 +0.5
Color reconnection +0.34 ± 0.09 �0.1 +0.23 ± 0.06 +0.31 ± 0.08 �0.1

Total systematic 0.72 1.0 1.09 0.62 0.8
Statistical (expected) 0.09 0.1 0.06 0.08 0.1

Total (expected) 0.72 1.0 1.09 0.62 0.8

CMS-TOP-17-007_Table_003…
    2D (total uncertainty 0.72 GeV)

    \begin{itemize}

      \item Jet energy calibration (0.42/0.72, 58\%)

      \item Colour reconnection modelling (0.34/0.72, 47\%)

    \end{itemize}

    1D (total uncertainty 1.09 GeV)

    \begin{itemize}

      \item Early resonance decays (0.42 GeV, 39\%)

      \item Jet energy calibration (0.31 GeV, 28\%)

      \item ME generator (0.29 GeV, 27\%)

    \end{itemize}

    hybrid (total uncertainty 0.62 GeV)

    \begin{itemize}

      \item Jet energy calibration (0.39 GeV, 63\%)

      \item Colour reconnection modelling (0.31 GeV, 50\%)

    \end{itemize}

2D approach 1D approach Hybrid
dm2D

t dJSF2D dm1D
t dmhyb

t dJSFhyb

[GeV] [%] [GeV] [GeV] [%]
Experimental uncertainties
Method calibration 0.05 <0.1 0.05 0.05 <0.1
JEC (quad. sum) 0.13 0.2 0.83 0.18 0.3
– InterCalibration (�0.02) (<0.1) (+0.16) (+0.04) (<0.1)
– MPFInSitu (�0.01) (<0.1) (+0.23) (+0.07) (<0.1)
– Uncorrelated (�0.13) (+0.2) (+0.78) (+0.16) (+0.3)
Jet energy resolution �0.08 +0.1 +0.04 �0.04 +0.1
b tagging +0.03 <0.1 +0.01 +0.03 <0.1
Pileup �0.08 +0.1 +0.02 �0.05 +0.1
Non-tt background +0.04 �0.1 �0.02 +0.02 �0.1

Modeling uncertainties
JEC Flavor (linear sum) 0.42 0.1 0.31 0.39 <0.1
– light quarks (uds) (+0.10) (�0.1) (�0.01) (+0.06) (�0.1)
– charm (+0.02) (<0.1) (�0.01) (+0.01) (<0.1)
– bottom (�0.32) (<0.1) (�0.31) (�0.32) (<0.1)
– gluon (�0.22) (+0.3) (+0.02) (�0.15) (+0.2)
b jet modeling (quad. sum) 0.13 0.1 0.09 0.12 <0.1
– b frag. Bowler–Lund (�0.07) (+0.1) (�0.01) (�0.05) (<0.1)
– b frag. Peterson (+0.04) (<0.1) (+0.05) (+0.04) (<0.1)
– semileptonic B decays (+0.11) (<0.1) (+0.08) (+0.10) (<0.1)
PDF 0.02 <0.1 0.02 0.02 <0.1
Ren. and fact. scales 0.02 0.1 0.02 0.01 <0.1
ME/PS matching �0.08 +0.1 +0.03 �0.05 +0.1
ME generator +0.19 ± 0.14 +0.1 +0.29 ± 0.08 +0.22 ± 0.11 +0.1
ISR PS scale +0.07 ± 0.09 +0.1 +0.10 ± 0.05 +0.06 ± 0.07 <0.1
FSR PS scale +0.24 ± 0.06 �0.4 �0.22 ± 0.04 +0.13 ± 0.05 �0.3
Top quark pT +0.02 �0.1 �0.06 �0.01 �0.1
Underlying event �0.10 ± 0.08 +0.1 +0.01 ± 0.05 �0.07 ± 0.07 +0.1
Early resonance decays �0.22 ± 0.09 +0.8 +0.42 ± 0.05 �0.03 ± 0.07 +0.5
Color reconnection +0.34 ± 0.09 �0.1 +0.23 ± 0.06 +0.31 ± 0.08 �0.1

Total systematic 0.72 1.0 1.09 0.62 0.8
Statistical (expected) 0.09 0.1 0.06 0.08 0.1

Total (expected) 0.72 1.0 1.09 0.62 0.8

…

2D approach 1D approach Hybrid
dm2D

t dJSF2D dm1D
t dmhyb

t dJSFhyb

[GeV] [%] [GeV] [GeV] [%]
Experimental uncertainties
Method calibration 0.05 <0.1 0.05 0.05 <0.1
JEC (quad. sum) 0.13 0.2 0.83 0.18 0.3
– InterCalibration (�0.02) (<0.1) (+0.16) (+0.04) (<0.1)
– MPFInSitu (�0.01) (<0.1) (+0.23) (+0.07) (<0.1)
– Uncorrelated (�0.13) (+0.2) (+0.78) (+0.16) (+0.3)
Jet energy resolution �0.08 +0.1 +0.04 �0.04 +0.1
b tagging +0.03 <0.1 +0.01 +0.03 <0.1
Pileup �0.08 +0.1 +0.02 �0.05 +0.1
Non-tt background +0.04 �0.1 �0.02 +0.02 �0.1

Modeling uncertainties
JEC Flavor (linear sum) 0.42 0.1 0.31 0.39 <0.1
– light quarks (uds) (+0.10) (�0.1) (�0.01) (+0.06) (�0.1)
– charm (+0.02) (<0.1) (�0.01) (+0.01) (<0.1)
– bottom (�0.32) (<0.1) (�0.31) (�0.32) (<0.1)
– gluon (�0.22) (+0.3) (+0.02) (�0.15) (+0.2)
b jet modeling (quad. sum) 0.13 0.1 0.09 0.12 <0.1
– b frag. Bowler–Lund (�0.07) (+0.1) (�0.01) (�0.05) (<0.1)
– b frag. Peterson (+0.04) (<0.1) (+0.05) (+0.04) (<0.1)
– semileptonic B decays (+0.11) (<0.1) (+0.08) (+0.10) (<0.1)
PDF 0.02 <0.1 0.02 0.02 <0.1
Ren. and fact. scales 0.02 0.1 0.02 0.01 <0.1
ME/PS matching �0.08 +0.1 +0.03 �0.05 +0.1
ME generator +0.19 ± 0.14 +0.1 +0.29 ± 0.08 +0.22 ± 0.11 +0.1
ISR PS scale +0.07 ± 0.09 +0.1 +0.10 ± 0.05 +0.06 ± 0.07 <0.1
FSR PS scale +0.24 ± 0.06 �0.4 �0.22 ± 0.04 +0.13 ± 0.05 �0.3
Top quark pT +0.02 �0.1 �0.06 �0.01 �0.1
Underlying event �0.10 ± 0.08 +0.1 +0.01 ± 0.05 �0.07 ± 0.07 +0.1
Early resonance decays �0.22 ± 0.09 +0.8 +0.42 ± 0.05 �0.03 ± 0.07 +0.5
Color reconnection +0.34 ± 0.09 �0.1 +0.23 ± 0.06 +0.31 ± 0.08 �0.1

Total systematic 0.72 1.0 1.09 0.62 0.8
Statistical (expected) 0.09 0.1 0.06 0.08 0.1

Total (expected) 0.72 1.0 1.09 0.62 0.8

… …

2D approach 1D approach Hybrid
dm2D

t dJSF2D dm1D
t dmhyb

t dJSFhyb

[GeV] [%] [GeV] [GeV] [%]
Experimental uncertainties
Method calibration 0.05 <0.1 0.05 0.05 <0.1
JEC (quad. sum) 0.13 0.2 0.83 0.18 0.3
– InterCalibration (�0.02) (<0.1) (+0.16) (+0.04) (<0.1)
– MPFInSitu (�0.01) (<0.1) (+0.23) (+0.07) (<0.1)
– Uncorrelated (�0.13) (+0.2) (+0.78) (+0.16) (+0.3)
Jet energy resolution �0.08 +0.1 +0.04 �0.04 +0.1
b tagging +0.03 <0.1 +0.01 +0.03 <0.1
Pileup �0.08 +0.1 +0.02 �0.05 +0.1
Non-tt background +0.04 �0.1 �0.02 +0.02 �0.1

Modeling uncertainties
JEC Flavor (linear sum) 0.42 0.1 0.31 0.39 <0.1
– light quarks (uds) (+0.10) (�0.1) (�0.01) (+0.06) (�0.1)
– charm (+0.02) (<0.1) (�0.01) (+0.01) (<0.1)
– bottom (�0.32) (<0.1) (�0.31) (�0.32) (<0.1)
– gluon (�0.22) (+0.3) (+0.02) (�0.15) (+0.2)
b jet modeling (quad. sum) 0.13 0.1 0.09 0.12 <0.1
– b frag. Bowler–Lund (�0.07) (+0.1) (�0.01) (�0.05) (<0.1)
– b frag. Peterson (+0.04) (<0.1) (+0.05) (+0.04) (<0.1)
– semileptonic B decays (+0.11) (<0.1) (+0.08) (+0.10) (<0.1)
PDF 0.02 <0.1 0.02 0.02 <0.1
Ren. and fact. scales 0.02 0.1 0.02 0.01 <0.1
ME/PS matching �0.08 +0.1 +0.03 �0.05 +0.1
ME generator +0.19 ± 0.14 +0.1 +0.29 ± 0.08 +0.22 ± 0.11 +0.1
ISR PS scale +0.07 ± 0.09 +0.1 +0.10 ± 0.05 +0.06 ± 0.07 <0.1
FSR PS scale +0.24 ± 0.06 �0.4 �0.22 ± 0.04 +0.13 ± 0.05 �0.3
Top quark pT +0.02 �0.1 �0.06 �0.01 �0.1
Underlying event �0.10 ± 0.08 +0.1 +0.01 ± 0.05 �0.07 ± 0.07 +0.1
Early resonance decays �0.22 ± 0.09 +0.8 +0.42 ± 0.05 �0.03 ± 0.07 +0.5
Color reconnection +0.34 ± 0.09 �0.1 +0.23 ± 0.06 +0.31 ± 0.08 �0.1

Total systematic 0.72 1.0 1.09 0.62 0.8
Statistical (expected) 0.09 0.1 0.06 0.08 0.1

Total (expected) 0.72 1.0 1.09 0.62 0.8

… …
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Dilepton channel

8 TeV; combination with 7 TeV
measurements PLB 761 (2016) 350

Total uncertainty at 8 TeV — 0.84 GeV

Dominant modelling uncertainties at 8 TeV:

ISR/FSR (0.23 GeV, 27% of the total)

Hadronisation (0.22 GeV, 26% of the total)

p
s = 7 TeV

p
s = 8 TeV Correlations Combinations

m
`+jets
top [GeV] mdil

top [GeV] mdil
top [GeV] ⇢01 ⇢02 ⇢12 m7 TeV

top [GeV] mdil
top [GeV] mall

top [GeV]

Results 172.33 173.79 172.99 172.99 173.04 172.84

Statistics 0.75 0.54 0.41 0 0 0 0.48 0.38 0.34
Method 0.11 ± 0.10 0.09 ± 0.07 0.05 ± 0.07 0 0 0 0.07 0.05 0.05

Signal Monte Carlo generator 0.22 ± 0.21 0.26 ± 0.16 0.09 ± 0.15 +1.00 +1.00 +1.00 0.24 0.10 0.14
Hadronisation 0.18 ± 0.12 0.53 ± 0.09 0.22 ± 0.09 +1.00 +1.00 +1.00 0.34 0.24 0.23
Initial- and final-state QCD radiation 0.32 ± 0.06 0.47 ± 0.05 0.23 ± 0.07 �1.00 �1.00 +1.00 0.04 0.24 0.08
Underlying event 0.15 ± 0.07 0.05 ± 0.05 0.10 ± 0.14 �1.00 �1.00 +1.00 0.06 0.10 0.02
Colour reconnection 0.11 ± 0.07 0.14 ± 0.05 0.03 ± 0.14 �1.00 �1.00 +1.00 0.01 0.03 0.01
Parton distribution function 0.25 ± 0.00 0.11 ± 0.00 0.05 ± 0.00 +0.57 �0.29 +0.03 0.17 0.04 0.08

Background normalisation 0.10 ± 0.00 0.04 ± 0.00 0.03 ± 0.00 +1.00 +0.23 +0.23 0.07 0.03 0.04
W/Z+jets shape 0.29 ± 0.00 0.00 ± 0.00 0 0 0.16 0.00 0.09
Fake leptons shape 0.05 ± 0.00 0.01 ± 0.00 0.08 ± 0.00 +0.23 +0.20 �0.08 0.03 0.07 0.05

Jet energy scale 0.58 ± 0.11 0.75 ± 0.08 0.54 ± 0.04 �0.23 +0.06 +0.35 0.41 0.52 0.41
Relative b-to-light-jet energy scale 0.06 ± 0.03 0.68 ± 0.02 0.30 ± 0.01 +1.00 +1.00 +1.00 0.34 0.32 0.25
Jet energy resolution 0.22 ± 0.11 0.19 ± 0.04 0.09 ± 0.05 �1.00 0 0 0.03 0.08 0.08
Jet reconstruction e�ciency 0.12 ± 0.00 0.07 ± 0.00 0.01 ± 0.00 +1.00 +1.00 +1.00 0.10 0.01 0.04
Jet vertex fraction 0.01 ± 0.00 0.00 ± 0.00 0.02 ± 0.00 �1.00 +1.00 �1.00 0.00 0.02 0.02
b-tagging 0.50 ± 0.00 0.07 ± 0.00 0.03 ± 0.02 �0.77 0 0 0.25 0.03 0.15
Leptons 0.04 ± 0.00 0.13 ± 0.00 0.14 ± 0.01 �0.34 �0.52 +0.96 0.05 0.14 0.09
Emiss

T 0.15 ± 0.04 0.04 ± 0.03 0.01 ± 0.01 �0.15 +0.25 �0.24 0.08 0.01 0.05
Pile-up 0.02 ± 0.01 0.01 ± 0.00 0.05 ± 0.01 0 0 0 0.01 0.05 0.03

Total systematic uncertainty 1.03 ± 0.31 1.31 ± 0.23 0.74 ± 0.29 0.77 0.74 0.61

Total 1.27 ± 0.33 1.41 ± 0.24 0.84 ± 0.29 �0.07 0.00 0.51 0.91 0.84 0.70

…
TOPQ-2016-03_tab_02

p
s = 7 TeV

p
s = 8 TeV Correlations Combinations

m
`+jets
top [GeV] mdil

top [GeV] mdil
top [GeV] ⇢01 ⇢02 ⇢12 m7 TeV

top [GeV] mdil
top [GeV] mall

top [GeV]

Results 172.33 173.79 172.99 172.99 173.04 172.84

Statistics 0.75 0.54 0.41 0 0 0 0.48 0.38 0.34
Method 0.11 ± 0.10 0.09 ± 0.07 0.05 ± 0.07 0 0 0 0.07 0.05 0.05

Signal Monte Carlo generator 0.22 ± 0.21 0.26 ± 0.16 0.09 ± 0.15 +1.00 +1.00 +1.00 0.24 0.10 0.14
Hadronisation 0.18 ± 0.12 0.53 ± 0.09 0.22 ± 0.09 +1.00 +1.00 +1.00 0.34 0.24 0.23
Initial- and final-state QCD radiation 0.32 ± 0.06 0.47 ± 0.05 0.23 ± 0.07 �1.00 �1.00 +1.00 0.04 0.24 0.08
Underlying event 0.15 ± 0.07 0.05 ± 0.05 0.10 ± 0.14 �1.00 �1.00 +1.00 0.06 0.10 0.02
Colour reconnection 0.11 ± 0.07 0.14 ± 0.05 0.03 ± 0.14 �1.00 �1.00 +1.00 0.01 0.03 0.01
Parton distribution function 0.25 ± 0.00 0.11 ± 0.00 0.05 ± 0.00 +0.57 �0.29 +0.03 0.17 0.04 0.08

Background normalisation 0.10 ± 0.00 0.04 ± 0.00 0.03 ± 0.00 +1.00 +0.23 +0.23 0.07 0.03 0.04
W/Z+jets shape 0.29 ± 0.00 0.00 ± 0.00 0 0 0.16 0.00 0.09
Fake leptons shape 0.05 ± 0.00 0.01 ± 0.00 0.08 ± 0.00 +0.23 +0.20 �0.08 0.03 0.07 0.05

Jet energy scale 0.58 ± 0.11 0.75 ± 0.08 0.54 ± 0.04 �0.23 +0.06 +0.35 0.41 0.52 0.41
Relative b-to-light-jet energy scale 0.06 ± 0.03 0.68 ± 0.02 0.30 ± 0.01 +1.00 +1.00 +1.00 0.34 0.32 0.25
Jet energy resolution 0.22 ± 0.11 0.19 ± 0.04 0.09 ± 0.05 �1.00 0 0 0.03 0.08 0.08
Jet reconstruction e�ciency 0.12 ± 0.00 0.07 ± 0.00 0.01 ± 0.00 +1.00 +1.00 +1.00 0.10 0.01 0.04
Jet vertex fraction 0.01 ± 0.00 0.00 ± 0.00 0.02 ± 0.00 �1.00 +1.00 �1.00 0.00 0.02 0.02
b-tagging 0.50 ± 0.00 0.07 ± 0.00 0.03 ± 0.02 �0.77 0 0 0.25 0.03 0.15
Leptons 0.04 ± 0.00 0.13 ± 0.00 0.14 ± 0.01 �0.34 �0.52 +0.96 0.05 0.14 0.09
Emiss

T 0.15 ± 0.04 0.04 ± 0.03 0.01 ± 0.01 �0.15 +0.25 �0.24 0.08 0.01 0.05
Pile-up 0.02 ± 0.01 0.01 ± 0.00 0.05 ± 0.01 0 0 0 0.01 0.05 0.03

Total systematic uncertainty 1.03 ± 0.31 1.31 ± 0.23 0.74 ± 0.29 0.77 0.74 0.61

Total 1.27 ± 0.33 1.41 ± 0.24 0.84 ± 0.29 �0.07 0.00 0.51 0.91 0.84 0.70

…

13 TeV PRD 96 (2017) 032002

Total unc.: 1.3 GeV (2D/MAOS), 1 GeV (1D/hyb.)

Dominant modelling uncertainties:

Matching scale (−0.86
+0.30 GeV for 2D, ∼45% of total)

Hard scat. scale (∼0.3 GeV, ∼20–40% of the total)

Underlying event tunes (∼45% for 2D)

…

dM2D
t dJSF2D dM1D

t dMhyb
t dMMAOS

t

[GeV] [GeV] [GeV] [GeV]

JES (total) ~ +0.06
�0.10

+0.007
�0.006

+0.54
�0.55

+0.43
�0.46

+0.65
�0.70

– In situ +0.04
�0.04

�0.002
+0.003

�0.22
+0.21

�0.18
+0.17

�0.28
+0.24

– Intercalibration �0.01
+0.01

<0.001
<0.001

�0.04
+0.03

�0.03
+0.03

�0.04
+0.04

– Uncorrelated +0.04
�0.04

�0.005
+0.005

�0.39
+0.39

�0.32
+0.31

�0.47
+0.47

– Flavor +0.02
�0.09

+0.004
�0.003

+0.31
�0.32

+0.25
�0.27

+0.39
�0.43

b quark frag. (total) ~ +0.39
�0.39

+0.001
�0.001

+0.40
�0.40

+0.40
�0.40

+0.67
�0.67

– Frag. function +0.38
�0.38

<0.001
<0.001

+0.38
�0.38

+0.38
�0.38

+0.64
�0.64

– Branching fraction +0.07
�0.07

+0.001
�0.001

+0.13
�0.13

+0.12
�0.12

+0.20
�0.20

JER �0.03
+0.08

+0.001
�0.002

+0.01
�0.05

<0.00
�0.03

+0.04
�0.04

Unclustered energy +0.10
�0.10

+0.001
�0.001

�0.02
+0.02

�0.04
+0.01

�0.11
+0.12

Pileup �0.06
+0.04

<0.001
<0.001

�0.06
+0.05

�0.06
+0.05

�0.06
+0.05

Electron energy scale �0.38
+0.39

+0.002
�0.003

�0.21
+0.21

�0.24
+0.24

�0.02
+0.05

Muon momentum scale �0.11
+0.09

+0.001
<0.001

�0.06
+0.05

�0.07
+0.06

<0.01
+0.01

Electron Id/Iso +0.07
�0.02

�0.001
<0.001

+0.03
�0.01

+0.03
�0.01

+0.01
<0.01

Muon Id/Iso <0.01
<0.01

<0.001
<0.001

<0.01
<0.01

<0.01
<0.01

<0.01
<0.01

b tagging +0.03
�0.03

<0.001
�0.001

�0.01
+0.01

<0.01
<0.01

<0.01
<0.01

Top quark pT reweighting ~ +0.93
—

�0.007
—

+0.40
—

+0.51
—

+0.72
—

Hard scattering scale ~ �0.36
+0.20

+0.007
�0.003

+0.31
�0.49

+0.21
�0.47

+0.33
�0.08

Matching scale ~ �0.86
+0.30

�0.004
+0.008

�0.25
+0.11

�0.37
+0.12

+0.12
�0.12

Underlying event tunes ~ +0.56
�0.56

+0.007
�0.007

+0.08
�0.08

+0.11
�0.11

+0.09
�0.09

Color reconnection +0.06
�0.06

+0.001
�0.001

+0.15
�0.15

+0.13
�0.13

+0.16
�0.16

ME Generator +0.18
�0.18

�0.004
+0.002

�0.19
+0.07

�0.13
+0.07

+0.11
�0.07

PDFs +0.14
�0.14

+0.001
�0.001

+0.17
�0.16

+0.17
�0.15

+0.17
�0.16

Total +1.31
�1.25

+0.015
�0.014

+0.91
�0.95

+0.89
�0.93

+1.27
�1.02

CMS-TOP-15-008_Table_001

dM2D
t dJSF2D dM1D

t dMhyb
t dMMAOS

t

[GeV] [GeV] [GeV] [GeV]

JES (total) ~ +0.06
�0.10

+0.007
�0.006

+0.54
�0.55

+0.43
�0.46

+0.65
�0.70

– In situ +0.04
�0.04

�0.002
+0.003

�0.22
+0.21

�0.18
+0.17

�0.28
+0.24

– Intercalibration �0.01
+0.01

<0.001
<0.001

�0.04
+0.03

�0.03
+0.03

�0.04
+0.04

– Uncorrelated +0.04
�0.04

�0.005
+0.005

�0.39
+0.39

�0.32
+0.31

�0.47
+0.47

– Flavor +0.02
�0.09

+0.004
�0.003

+0.31
�0.32

+0.25
�0.27

+0.39
�0.43

b quark frag. (total) ~ +0.39
�0.39

+0.001
�0.001

+0.40
�0.40

+0.40
�0.40

+0.67
�0.67

– Frag. function +0.38
�0.38

<0.001
<0.001

+0.38
�0.38

+0.38
�0.38

+0.64
�0.64

– Branching fraction +0.07
�0.07

+0.001
�0.001

+0.13
�0.13

+0.12
�0.12

+0.20
�0.20

JER �0.03
+0.08

+0.001
�0.002

+0.01
�0.05

<0.00
�0.03

+0.04
�0.04

Unclustered energy +0.10
�0.10

+0.001
�0.001

�0.02
+0.02

�0.04
+0.01

�0.11
+0.12

Pileup �0.06
+0.04

<0.001
<0.001

�0.06
+0.05

�0.06
+0.05

�0.06
+0.05

Electron energy scale �0.38
+0.39

+0.002
�0.003

�0.21
+0.21

�0.24
+0.24

�0.02
+0.05

Muon momentum scale �0.11
+0.09

+0.001
<0.001

�0.06
+0.05

�0.07
+0.06

<0.01
+0.01

Electron Id/Iso +0.07
�0.02

�0.001
<0.001

+0.03
�0.01

+0.03
�0.01

+0.01
<0.01

Muon Id/Iso <0.01
<0.01

<0.001
<0.001

<0.01
<0.01

<0.01
<0.01

<0.01
<0.01

b tagging +0.03
�0.03

<0.001
�0.001

�0.01
+0.01

<0.01
<0.01

<0.01
<0.01

Top quark pT reweighting ~ +0.93
—

�0.007
—

+0.40
—

+0.51
—

+0.72
—

Hard scattering scale ~ �0.36
+0.20

+0.007
�0.003

+0.31
�0.49

+0.21
�0.47

+0.33
�0.08

Matching scale ~ �0.86
+0.30

�0.004
+0.008

�0.25
+0.11

�0.37
+0.12

+0.12
�0.12

Underlying event tunes ~ +0.56
�0.56

+0.007
�0.007

+0.08
�0.08

+0.11
�0.11

+0.09
�0.09

Color reconnection +0.06
�0.06

+0.001
�0.001

+0.15
�0.15

+0.13
�0.13

+0.16
�0.16

ME Generator +0.18
�0.18

�0.004
+0.002

�0.19
+0.07

�0.13
+0.07

+0.11
�0.07

PDFs +0.14
�0.14

+0.001
�0.001

+0.17
�0.16

+0.17
�0.15

+0.17
�0.16

Total +1.31
�1.25

+0.015
�0.014

+0.91
�0.95

+0.89
�0.93

+1.27
�1.02

…
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Quick summary on the modelling uncertainties in direct methods

Hadronisation/JEC flavour is most significant in all-hadronic channel, similar or less in
lepton+jets, small in dilepton

Colour reconnection: large contribution in all-hadronic/lepton+jets, small in dilepton

The uncertainties related to the scales (µR ,µF ,hdamp) become important in
dilepton/lepton+jets channel
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Alternative (indirect)

Inclusive cross section

Differential cross sections

Leptonic observables, J/Ψ, ...

170 175 180

 [GeV]pole
tm

)t(tσD0 inclusive  3.3 GeV±172.8 

)t(tσATLAS inclusive  2.6 GeV±172.9 

)t(tσCMS inclusive  1.8 GeV±173.8 

+1j)t(tσATLAS differential  2.2 GeV±173.7 

ATLAS leptonic (8 dist.)  1.6 GeV±173.2 

pole
tm

Stat. Uncertainty

Full Uncertainty

ATLAS

150 160 170 180
 [GeV]tm

0

2

4

6

8

 GeV-4.70 +5.20167.50 ), 1.96 TeVt(tσD0 
PLB 703 (2011) 422
MSTW08 approx. NNLO

 GeV-3.40 +3.30169.50 ), 1.96 TeVt(tσD0 
D0 Note 6453-CONF (2015)
MSTW08 NNLO

 GeV-3.20 +3.40172.80 ), 1.96 TeVt(tσD0 
PRD 94, 092004 (2016)
MSTW08 NNLO

 GeV-2.60 +2.50172.90 ), 7+8 TeVt(tσATLAS 
EPJC 74 (2014) 3109

 GeV-2.11 +2.28173.70 +j shape, 7 TeVtATLAS t
JHEP 10 (2015) 121

 GeV-1.80 +1.70173.80 ), 7+8 TeVt(tσCMS 
JHEP 08 (2016) 029
NNPDF3.0

 GeV-2.70 +2.70170.60 ) 13 TeVt(tσCMS 
JHEP 09 (2017) 051
CT14

 GeV-3.66 +4.52169.90 +j shape, 8 TeVtCMS t
TOP-13-006 (2016)

 GeV-0.76 +0.76173.34 World combination
ATLAS, CDF, CMS, D0
arXiv:1403.4427, standard measurements

March 2018Top-quark pole mass measurements
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Inclusive cross section
Determine the mpole

> by comparing the σinclusive
tt̄

measurement with the theoretically-predicted cross section vs top mass

7-8 TeV, eµ events
EPJC 74 (2014) 3109

Total uncertainty 2.6 GeV

Dominant modelling: tt̄ modelling and QCD scale
(0.8–1 GeV, 30–40% of the total)

Uncertainty breakdown for σtt̄ :

12 The ATLAS Collaboration: Measurement of the tt̄ production cross-section using eµ events with b-tagged jets

was found to be well modelled by simulation [45], and
remaining uncertainties were assessed by applying ad-
ditional smearing, which reduces ✏eµ. The calorimeter
jet reconstruction e�ciency was measured in data us-
ing track-based jets, and is also well described by the
simulation; the impact of residual uncertainties was
assessed by randomly discarding jets. The uncertainty
associated with the jet vertex fraction requirement was
assessed from studies of Z ! ee/µµ+jets events.

b-tagging uncertainties: The e�ciency for b-tagging
jets from tt̄ events was extracted from the data via
Eq. (1), but simulation was used to predict the num-
ber of b-tagged jets and mistagged light-quark, gluon
and charm jets in the Wt single top and diboson back-
grounds. The tagging correlation Cb is also slightly sen-
sitive to the e�ciencies for tagging heavy- and light-
flavour jets. The uncertainties in the simulation mod-
elling of the b-tagging performance were assessed using
studies of b-jets containing muons [40,46], jets contain-
ing D⇤+ mesons [47] and inclusive jet events [48].

Misidentified leptons: The uncertainties on the num-
ber of events with misidentified leptons in the one and
two b-tagged samples were derived from the statisti-
cal uncertainties on the numbers of same-sign lepton
events, the systematic uncertainties on the opposite- to
same-sign ratios Rj , and the uncertainties on the num-
bers of prompt same-sign events, as discussed in detail
in Sect. 5.1. The overall uncertainties on the numbers
of misidentified leptons vary from 30 % to 50 %, dom-
inated by the uncertainties on the ratios Rj .

Integrated luminosity: The uncertainty on the integ-
rated luminosity of the

p
s = 7TeV dataset is 1.8 %

[49]. Using beam-separation scans performed in Novem-
ber 2012, the same methodology was applied to de-
termine the

p
s = 8TeV luminosity scale, resulting in

an uncertainty of 2.8%. These uncertainties are domi-
nated by e↵ects specific to each dataset, and so are con-
sidered to be uncorrelated between the two centre-of-
mass energies. The relative uncertainties on the cross-
section measurements are slightly larger than those on
the luminosity measurements because the Wt single
top and diboson backgrounds are evaluated from sim-
ulation, so are also sensitive to the assumed integrated
luminosity.

LHC beam energy: The LHC beam energy during the
2012 pp run was calibrated to be 0.30± 0.66 % smaller
than the nominal value of 4TeV per beam, using the
revolution frequency di↵erence of protons and lead ions
during p+Pb runs in early 2013 [50]. Since this cali-
bration is compatible with the nominal

p
s of 8 TeV,

no correction was applied to the measured �tt̄ value.
However, an uncertainty of 1.72 %, corresponding to
the expected change in �tt̄ for a 0.66 % change in

p
s

is quoted separately on the final result. This uncer-
tainty was calculated using top++ 2.0, assuming that
the relative change of �tt̄ for a 0.66% change in

p
s is as

predicted by the NNLLO+NNLL calculation. Follow-
ing Ref. [50], the same relative uncertainty on the LHC
beam energy is applied for the

p
s = 7TeV dataset,

giving a slightly larger uncertainty of 1.79 % due to
the steeper relative dependence of �tt̄ on

p
s in this

region. These uncertainties are much larger than those
corresponding to the very small dependence of ✏eµ onp

s, which changes by only 0.5 % between 7 and 8 TeV.
Top quark mass: The simulation samples used in this

analysis were generated with mt = 172.5 GeV, but the
acceptance for tt̄ and Wt events, and the Wt back-
ground cross-section itself, depend on the assumed mt

value. Alternative samples generated with mt varied in
the range 165–180GeV were used to quantify these ef-
fects. The acceptance and background e↵ects partially
cancel, and the final dependence of the result on the
assumed mt value was determined to be d�tt̄/dmt =
�0.28 %/GeV. The result of the analysis is reported
assuming a fixed top mass of 172.5 GeV, and the small
dependence of the cross-section on the assumed mass
is not included as a systematic uncertainty.

Table 4. Summary of the relative statistical, systematic and
total uncertainties on the measurements of the tt̄ production
cross-section �tt̄ at

p
s = 7 TeV and

p
s = 8 TeV.

Uncertainty ��tt̄/�tt̄ (%)p
s 7 TeV 8 TeV

Data statistics 1.69 0.71

tt̄ modelling and QCD scale 1.46 1.26
Parton distribution functions 1.04 1.13
Background modelling 0.83 0.83
Lepton e�ciencies 0.87 0.88
Jets and b-tagging 0.58 0.82
Misidentified leptons 0.41 0.34

Analysis systematics (�tt̄) 2.27 2.26

Integrated luminosity 1.98 3.10
LHC beam energy 1.79 1.72

Total uncertainty 3.89 4.27

As shown in Tables 3 and 4, the largest systematic
uncertainties on �tt̄ come from tt̄ modelling and PDFs,
and knowledge of the integrated luminosities and LHC
beam energy.

6.1 Additional correlation studies

The tagging correlation Cb was determined from simula-
tion to be 1.009±0.002±0.007 (

p
s = 7TeV) and 1.007±

0.002 ± 0.006 (
p

s = 8TeV), where the first uncertainty is
due to limited sizes of the simulated samples, and the sec-
ond is dominated by the comparison of predictions from
di↵erent tt̄ generators. Additional studies were carried out
to probe the modelling of possible sources of correlation.
One possible source is the production of additional bb̄ or
cc̄ pairs in tt̄ production, which tends to increase both
Cb and the number of events with three or more b-tagged

13 TeV, dilepton channel CMS-PAS-TOP-17-001

Total uncertainty ∼0.7 GeV

Dominant modelling uncertainties:

tt̄ ME scale (0.18 GeV, 26% of total)

Colour reconnection (0.17 GeV, 24% of total)

ISR scale, ME/PS matching (0.16 GeV, 23% of tot.)
Source Uncertainty [GeV]
Trigger 0.02
Lepton ident./isolation 0.02
Muon momentum scale 0.03
Electron momentum scale 0.10
Jet energy scale 0.57
Jet energy resolution 0.09
b tagging 0.12
Pileup 0.09
tt ME scale 0.18
tW ME scale 0.02
DY ME scale 0.06
NLO generator 0.14
PDF 0.05
stt 0.09
Top quark pT 0.04
ME/PS matching 0.16
UE tune 0.03
tt ISR scale 0.16
tW ISR scale 0.02
tt FSR scale 0.07
tW FSR scale 0.02
b quark fragmentation 0.11
b hadron BF 0.07
Colour reconnection 0.17
DY background 0.24
tW background 0.13
Diboson background 0.02
W+jets background 0.04
tt background 0.02
Statistical 0.14
MC statistical 0.36

Total mMC
t uncertainty +0.68

�0.73

CMS-TOP-17-001_Table_003

Source Uncertainty [GeV]
Trigger 0.02
Lepton ident./isolation 0.02
Muon momentum scale 0.03
Electron momentum scale 0.10
Jet energy scale 0.57
Jet energy resolution 0.09
b tagging 0.12
Pileup 0.09
tt ME scale 0.18
tW ME scale 0.02
DY ME scale 0.06
NLO generator 0.14
PDF 0.05
stt 0.09
Top quark pT 0.04
ME/PS matching 0.16
UE tune 0.03
tt ISR scale 0.16
tW ISR scale 0.02
tt FSR scale 0.07
tW FSR scale 0.02
b quark fragmentation 0.11
b hadron BF 0.07
Colour reconnection 0.17
DY background 0.24
tW background 0.13
Diboson background 0.02
W+jets background 0.04
tt background 0.02
Statistical 0.14
MC statistical 0.36

Total mMC
t uncertainty +0.68

�0.73

Source Uncertainty [GeV]
Trigger 0.02
Lepton ident./isolation 0.02
Muon momentum scale 0.03
Electron momentum scale 0.10
Jet energy scale 0.57
Jet energy resolution 0.09
b tagging 0.12
Pileup 0.09
tt ME scale 0.18
tW ME scale 0.02
DY ME scale 0.06
NLO generator 0.14
PDF 0.05
stt 0.09
Top quark pT 0.04
ME/PS matching 0.16
UE tune 0.03
tt ISR scale 0.16
tW ISR scale 0.02
tt FSR scale 0.07
tW FSR scale 0.02
b quark fragmentation 0.11
b hadron BF 0.07
Colour reconnection 0.17
DY background 0.24
tW background 0.13
Diboson background 0.02
W+jets background 0.04
tt background 0.02
Statistical 0.14
MC statistical 0.36

Total mMC
t uncertainty +0.68

�0.73

…
…

…
…

\item Matrix element scale (0.18 GeV, 26\%)

        \item Colour reconnection (0.17 GeV, 24\%)

        \item Matrix Element/Parton Shower matching (0.16 GeV, 23\%)

        \item $\ttbar$ Initial State Radiation scale (0.16 GeV, 23\%)
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tt̄+jet differential cross section

7 TeV, lepton+jets channel JHEP 10 (2015) 121

Top mass is extracted from the inverse of the invariant
mass of the tt̄+jet system

Total uncertainty +2.29
−2.14 GeV

Dominant modelling uncertainties:

ISR/FSR (0.72 GeV, ∼30% of the total)

PDF (0.54 GeV, ∼25% of the total)

Description Value %
[GeV ]

mpole
t 173.71

Statistical uncertainty 1.50 0.9

Scale variations (+0.93, �0.44) (+0.5, �0.3)
Proton PDF (theory) and ↵s 0.21 0.1
Total theory systematic uncertainty (+0.95, �0.49) (+0.5, �0.3)

Jet energy scale (including b-jet energy scale) 0.94 0.5
Jet energy resolution 0.02 ¡ 0.1
Jet reconstruction e�ciency 0.05 ¡ 0.1
b-tagging e�ciency and mistag rate 0.17 0.1
Lepton uncertainties 0.07 ¡ 0.1
Missing transverse momentum 0.02 0.1
MC statistics 0.13 ¡ 0.1
Signal MC generator 0.28 0.2
Hadronization 0.33 0.2
ISR/FSR 0.72 0.4
Colour reconnection 0.14 ¡ 0.1
Underlying event 0.25 0.1
Proton PDF (experimental) 0.54 0.3
Background 0.20 0.1
Total experimental systematic uncertainty 1.44 0.8

Total uncertainty (+2.29, �2.14) (+1.3, �1.2)

…
TOPQ-2014-06_tab_03

Description Value %
[GeV ]

mpole
t 173.71

Statistical uncertainty 1.50 0.9

Scale variations (+0.93, �0.44) (+0.5, �0.3)
Proton PDF (theory) and ↵s 0.21 0.1
Total theory systematic uncertainty (+0.95, �0.49) (+0.5, �0.3)

Jet energy scale (including b-jet energy scale) 0.94 0.5
Jet energy resolution 0.02 ¡ 0.1
Jet reconstruction e�ciency 0.05 ¡ 0.1
b-tagging e�ciency and mistag rate 0.17 0.1
Lepton uncertainties 0.07 ¡ 0.1
Missing transverse momentum 0.02 0.1
MC statistics 0.13 ¡ 0.1
Signal MC generator 0.28 0.2
Hadronization 0.33 0.2
ISR/FSR 0.72 0.4
Colour reconnection 0.14 ¡ 0.1
Underlying event 0.25 0.1
Proton PDF (experimental) 0.54 0.3
Background 0.20 0.1
Total experimental systematic uncertainty 1.44 0.8

Total uncertainty (+2.29, �2.14) (+1.3, �1.2)

… … …

13 TeV, dilepton channel CMS-PAS-TOP-13-006

Top mass is extracted from the normalised tt̄+jet
invariant mass + normalised differential cross section

Total uncertainty +2.2
−2.5 GeV

Dominant modelling uncertainty: µR/µF scales (2
GeV, 80-90% of the total)

Source Dmt [GeV]

Jet-Parton Matching �1.3
+0.1

Q2 Scale ±2.0

ME/Showering +0.2
�0.3

Color Reconnection < 0.1

Underlying Event ±0.1

PDF ±0.1

Background ±0.4

Jet Energy Scale ±0.1

Jet Energy Resolution ±0.1

Pile-Up ±0.1

Trigger Eff. < 0.1

Kinematic Reconstruction < 0.1

Lepton Eff. < 0.1

B-Tagging ±0.2

Total syst. +2.0
�2.3

Stat. ±1.0

Total unc. +2.2
�2.5

Source Dmt [GeV]

Jet-Parton Matching �1.3
+0.1

Q2 Scale ±2.0

ME/Showering +0.2
�0.3

Color Reconnection < 0.1

Underlying Event ±0.1

PDF ±0.1

Background ±0.4

Jet Energy Scale ±0.1

Jet Energy Resolution ±0.1

Pile-Up ±0.1

Trigger Eff. < 0.1

Kinematic Reconstruction < 0.1

Lepton Eff. < 0.1

B-Tagging ±0.2

Total syst. +2.0
�2.3

Stat. ±1.0

Total unc. +2.2
�2.5

. . .
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8 TeV, dilepton channel, lepton differential
distributions EPJC 77 (2017) 804

Single lepton and dilepton kinematic differential distributions

Combined fit of the NLO fixed-order predictions to all the
measured distributions

Total uncertainty 2–4 GeV

Largest modelling contributions:

Parton distribution functions — dominant for all except peµT
� for plT ,m

eµ, peT + pµT : 1–2 GeV, 30–40% of total
� for E e + Eµ: 3.4 GeV, 85% of total

QCD radiation — dominant for peµT (1.4 GeV, 67% of total)

tt̄ generator for plT , peµT (0.7–0.8 GeV, 30–40% of total)

Template p`T peµ
T meµ pe

T + pµ
T Ee + Eµ

�2/Ndof 8.1/8 7.5/7 13.9/10 8.0/6 12.5/8
mt [GeV] 168.4 ± 2.3 173.0 ± 2.1 170.6 ± 4.2 169.4 ± 2.0 166.9 ± 4.0

Data statistics ± 1.0 ± 0.9 ± 2.0 ± 0.9 ± 1.3

Expt. systematic ± 1.6 ± 1.0 ± 3.1 ± 1.6 ± 1.5

PDF uncertainty ± 1.0 ± 0.2 ± 1.6 ± 0.6 ± 3.4

tt̄ generator ± 0.4 ± 1.4 ± 1.4 ± 0.4 ± 1.1

QCD radiation ± 0.7 ± 0.8 ± 0.5 ± 0.2 ± 0.2

Moment 1 p`T peµ
T meµ pe

T + pµ
T Ee + Eµ

mt [GeV] 168.2 ± 2.9 172.4 ± 3.8 166.6 ± 6.5 168.4 ± 2.9 160.8 ± 7.9

Data statistics ± 1.0 ± 1.0 ± 2.4 ± 1.1 ± 2.2

Expt. systematic ± 2.1 ± 1.6 ± 3.8 ± 2.1 ± 3.1

PDF uncertainty ± 1.2 ± 0.3 ± 2.9 ± 1.1 ± 6.7

tt̄ generator ± 0.2 ± 1.3 ± 3.4 ± 0.2 ± 2.0

QCD radiation ± 1.2 ± 3.0 ± 1.4 ± 1.1 ± 0.2

Moment 2 p`T peµ
T meµ pe

T + pµ
T Ee + Eµ

mt [GeV] 168.1 ± 3.2 172.2 ± 4.5 166.9 ± 6.9 167.9 ± 3.3 159.9 ± 9.2

Data statistics ± 1.2 ± 1.1 ± 2.8 ± 1.3 ± 2.6

Expt. systematic ± 2.3 ± 2.0 ± 4.3 ± 2.4 ± 3.4

PDF uncertainty ± 1.3 ± 0.4 ± 3.3 ± 1.3 ± 7.8

tt̄ generator ± 0.4 ± 1.2 ± 3.2 ± 0.4 ± 2.4

QCD radiation ± 1.2 ± 3.7 ± 0.7 ± 1.3 ± 0.2

Moment 3 p`T peµ
T meµ pe

T + pµ
T Ee + Eµ

mt [GeV] 168.3 ± 3.5 172.0 ± 5.6 166.4 ± 9.1 167.6 ± 3.8 160.9 ± 9.5

Data statistics ± 1.5 ± 1.4 ± 4.2 ± 1.6 ± 3.0

Expt. systematic ± 2.5 ± 2.6 ± 6.0 ± 2.7 ± 3.7

PDF uncertainty ± 1.5 ± 0.6 ± 4.1 ± 1.4 ± 7.8

tt̄ generator ± 0.6 ± 1.1 ± 3.5 ± 0.7 ± 2.4

QCD radiation ± 1.1 ± 4.6 ± 0.2 ± 1.4 ± 0.2

TOPQ-2015-02_tab_14

13 TeV, dilepton channel, 2D/3D tt̄
differential cross section arXiv:1904.05237

Normalised 2D/3D differential cross section

Simultaneous fit of PDF, αS and mpole
t to

NLO+PS predictions is performed

Total uncertainty 0.8 GeV

Dominant modelling uncertainty comes from
µr/µF scales (0.3 GeV, 38% of the total)

Parameter Variation aS(mZ) mpole
t [GeV]

Fit uncertainty

Total Dc2 = 1 ±0.0016 ±0.7

Model uncertainty

fs fs = 0.5 +0.0001 0.0

fs fs = 0.3 0.0000 0.0

Q2
min Q2

min = 5.0 GeV2 +0.0002 +0.1

Q2
min Q2

min = 2.5 GeV2 �0.0004 �0.1

Mc Mc = 1.49 GeV +0.0001 0.0

Mc Mc = 1.37 GeV 0.0000 0.0

Total +0.0002
�0.0004

+0.1
�0.1

PDF parametrisation uncertainty

µ2
f,0 µ2

f,0 = 2.2 GeV2 �0.0001 0.0

µ2
f,0 µ2

f,0 = 1.6 GeV2 +0.0002 0.0

A0
g set to 0 +0.0002 �0.1

Eg set to 0 +0.0008 0.0

Total +0.0008
�0.0001 �0.1

Scale uncertainty

µr variation µr = H +0.0004 �0.2

µr variation µr = H/4 +0.0007 +0.1

µf variation µf = H �0.0002 +0.3

µf variation µf = H/4 +0.0001 �0.3

µr,f variation µr,f = H +0.0004 +0.1

µr,f variation µr,f = H/4 +0.0011 �0.2

alternative µr,f µr,f = H/2 �0.0005 +0.1

Total +0.0011
�0.0005

+0.3
�0.3

CMS-TOP-18-004_Table_002

Parameter Variation aS(mZ) mpole
t [GeV]

Fit uncertainty

Total Dc2 = 1 ±0.0016 ±0.7

Model uncertainty

fs fs = 0.5 +0.0001 0.0

fs fs = 0.3 0.0000 0.0

Q2
min Q2

min = 5.0 GeV2 +0.0002 +0.1

Q2
min Q2

min = 2.5 GeV2 �0.0004 �0.1

Mc Mc = 1.49 GeV +0.0001 0.0

Mc Mc = 1.37 GeV 0.0000 0.0

Total +0.0002
�0.0004

+0.1
�0.1

PDF parametrisation uncertainty

µ2
f,0 µ2

f,0 = 2.2 GeV2 �0.0001 0.0

µ2
f,0 µ2

f,0 = 1.6 GeV2 +0.0002 0.0

A0
g set to 0 +0.0002 �0.1

Eg set to 0 +0.0008 0.0

Total +0.0008
�0.0001 �0.1

Scale uncertainty

µr variation µr = H +0.0004 �0.2

µr variation µr = H/4 +0.0007 +0.1

µf variation µf = H �0.0002 +0.3

µf variation µf = H/4 +0.0001 �0.3

µr,f variation µr,f = H +0.0004 +0.1

µr,f variation µr,f = H/4 +0.0011 �0.2

alternative µr,f µr,f = H/2 �0.0005 +0.1

Total +0.0011
�0.0005

+0.3
�0.3

Parameter Variation aS(mZ) mpole
t [GeV]

Fit uncertainty

Total Dc2 = 1 ±0.0016 ±0.7

Model uncertainty

fs fs = 0.5 +0.0001 0.0

fs fs = 0.3 0.0000 0.0

Q2
min Q2

min = 5.0 GeV2 +0.0002 +0.1

Q2
min Q2

min = 2.5 GeV2 �0.0004 �0.1

Mc Mc = 1.49 GeV +0.0001 0.0

Mc Mc = 1.37 GeV 0.0000 0.0

Total +0.0002
�0.0004

+0.1
�0.1

PDF parametrisation uncertainty

µ2
f,0 µ2

f,0 = 2.2 GeV2 �0.0001 0.0

µ2
f,0 µ2

f,0 = 1.6 GeV2 +0.0002 0.0

A0
g set to 0 +0.0002 �0.1

Eg set to 0 +0.0008 0.0

Total +0.0008
�0.0001 �0.1

Scale uncertainty

µr variation µr = H +0.0004 �0.2

µr variation µr = H/4 +0.0007 +0.1

µf variation µf = H �0.0002 +0.3

µf variation µf = H/4 +0.0001 �0.3

µr,f variation µr,f = H +0.0004 +0.1

µr,f variation µr,f = H/4 +0.0011 �0.2

alternative µr,f µr,f = H/2 �0.0005 +0.1

Total +0.0011
�0.0005

+0.3
�0.3

Parameter Variation aS(mZ) mpole
t [GeV]

Fit uncertainty

Total Dc2 = 1 ±0.0016 ±0.7

Model uncertainty

fs fs = 0.5 +0.0001 0.0

fs fs = 0.3 0.0000 0.0

Q2
min Q2

min = 5.0 GeV2 +0.0002 +0.1

Q2
min Q2

min = 2.5 GeV2 �0.0004 �0.1

Mc Mc = 1.49 GeV +0.0001 0.0

Mc Mc = 1.37 GeV 0.0000 0.0

Total +0.0002
�0.0004

+0.1
�0.1

PDF parametrisation uncertainty

µ2
f,0 µ2

f,0 = 2.2 GeV2 �0.0001 0.0

µ2
f,0 µ2

f,0 = 1.6 GeV2 +0.0002 0.0

A0
g set to 0 +0.0002 �0.1

Eg set to 0 +0.0008 0.0

Total +0.0008
�0.0001 �0.1

Scale uncertainty

µr variation µr = H +0.0004 �0.2

µr variation µr = H/4 +0.0007 +0.1

µf variation µf = H �0.0002 +0.3

µf variation µf = H/4 +0.0001 �0.3

µr,f variation µr,f = H +0.0004 +0.1

µr,f variation µr,f = H/4 +0.0011 �0.2

alternative µr,f µr,f = H/2 �0.0005 +0.1

Total +0.0011
�0.0005

+0.3
�0.3

……

……

……

Parameter Variation aS(mZ) mpole
t [GeV]

Fit uncertainty

Total Dc2 = 1 ±0.0016 ±0.7

Model uncertainty

fs fs = 0.5 +0.0001 0.0

fs fs = 0.3 0.0000 0.0

Q2
min Q2

min = 5.0 GeV2 +0.0002 +0.1

Q2
min Q2

min = 2.5 GeV2 �0.0004 �0.1

Mc Mc = 1.49 GeV +0.0001 0.0

Mc Mc = 1.37 GeV 0.0000 0.0

Total +0.0002
�0.0004

+0.1
�0.1

PDF parametrisation uncertainty

µ2
f,0 µ2

f,0 = 2.2 GeV2 �0.0001 0.0

µ2
f,0 µ2

f,0 = 1.6 GeV2 +0.0002 0.0

A0
g set to 0 +0.0002 �0.1

Eg set to 0 +0.0008 0.0

Total +0.0008
�0.0001 �0.1

Scale uncertainty

µr variation µr = H +0.0004 �0.2

µr variation µr = H/4 +0.0007 +0.1

µf variation µf = H �0.0002 +0.3

µf variation µf = H/4 +0.0001 �0.3

µr,f variation µr,f = H +0.0004 +0.1

µr,f variation µr,f = H/4 +0.0011 �0.2
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Mc Mc = 1.49 GeV +0.0001 0.0
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Eg set to 0 +0.0008 0.0

Total +0.0008
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�0.0005

+0.3
�0.3

Parameter Variation aS(mZ) mpole
t [GeV]

Fit uncertainty

Total Dc2 = 1 ±0.0016 ±0.7

Model uncertainty

fs fs = 0.5 +0.0001 0.0

fs fs = 0.3 0.0000 0.0
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……

……
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Quick summary on the modelling uncertainties in indirect methods

The uncertainties related to the various scales are large for all the methods in both
ATLAS and CMS

� As in the standard methods in the corresponding channels

PDF uncertainty is relatively large in ATLAS in all the methods

Hadronisation modelling: not significant anymore comparing to the standard methods

Colour reconnection modelling: not significant except in CMS in the inclusive cross
section method

tetiana.moskalets@cern.ch | Systematics in the top mass measurements | April 24-26, 2019 | Slide 15 of 16



How to reduce the modelling?

Use the recent generator versions

Compute the modelling systematics within one generator using a well-defined variation
scheme (instead of taking the difference between 2 generators)

Update and improve the generator tunes

Do the dedicated measurements to constrain the modelling systematics through tuning

Go from NLO to NNLO where possible (e.g. in the decays for the leptonic obersvables)

Try leptonic observables

Try 2D/3D differential distributions
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