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Top Quark Physics - Introduction
• The top quark is the heaviest known fundamental building block
• Its mass is a free fundamental parameter of the Standard Model (SM)
• World combination 2014 of Tevatron and LHC data

• m
top

 = 173.34 ± 0.27 (stat) ± 0.71 (syst) GeV, total: 0.6% (arXiv:1403.4427)

• m
top

 is an important ingredient for the consistency of the SM
• especially in conjunction with the mass of the Higgs Boson

• a low m
Higgs

 around 125-130 GeV leads to a stable vacuum
if the Higgs quartic coupling ƛ is small at the Planck scale (~1019 GeV)

• it depends on m
Higgs

 and m
top 

at which scale ƛ becomes small (or negative)
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JHEP 1208 (2012) 098

picture from arXiv:1311.4979

https://arxiv.org/abs/1403.4427
http://link.springer.com/article/10.1007/JHEP08(2012)098
http://link.springer.com/article/10.1007/JHEP08(2012)098
http://arxiv.org/abs/1311.4979
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Top Quark Mass - Direct Measurements
• In ATLAS, direct measurements of the top quark are all performed with 

the template method
• Choose a reconstructible quantity which depends on the top quark mass

• this is the estimator for the top quark mass measurements

• Construct templates (histograms) with the estimator at various Monte 
Carlo (MC) input top quark mass values

• Fit the templates with suitable functions (gauss, landau, novosibirsk, …)
• Linearize the parameters of these functions (gauss mean, width, …) as a 

function of the Monte Carlo input top mass
• Perform a combined log likelihood fit to the distribution of the estimator 

in data and extract the top quark mass

• The measured mass is the one defined in the MC generator
• Its exact theoretical definition is not yet defined

• expected to be close to the pole mass (within about 1 GeV)
3
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Dilepton channel at 8 TeV
• Low branching ratio ~4%, very clean: background <1%

• Select events where both W’s decay leptonical (e  or μ )

• Underconstrained final state due to 2 neutrinos

• Partially reconstruct final state and use invariant mass of

lepton-b-jet pairs (m
lb

) as top quark mass dependent estimator

• Also measured at E
cm

 = 7 TeV: Eur. Phys. J. C (2015) 75:330

4
Total Uncertainty:

± 0.84 GeV (0.48%)

arXiv:1606.02179

http://link.springer.com/article/10.1140/epjc/s10052-015-3544-0
https://arxiv.org/abs/1606.02179
https://arxiv.org/abs/1606.02179
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• An additional cut on a minimal average p
T,lb

 of the two lepton–b-jet pairs

• increases the fraction of correctly reconstructed top quark pairs

• reduces the number of unmatched or wrongly reconstructed pairs

• A cleaner event reconstruction leads to reduced systematic uncertainties

• Minimize total uncertainty by scanning the p
T,lb

 cut 

• Most precise measurement in the dilepton channel to date

• Largest uncertainties from (b-)jet energy scales

• 0.54 and 0.30 GeV

Dilepton channel at 8 TeV

5
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• Select events where one W decays leptonically (e  or μ )

• Fully reconstruct final state and apply a 3D template method

with m
top

, m
W

 and R
bq

 as estimators

• In addition to top quark mass, determine a (b-)jet scale factor (JSF)

• decreases (b-)jet energy scale systematic uncertainties

• m
W

 is sensitive estimator to determine JSF

• The “b to light jet ratio” R
bq

 is used for bJSF

• Uncertainties from (b-)jet energy scales: 0.58 and 0.06 GeV

Lepton + jets channel at 7 TeV
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Eur. Phys. J. C (2015) 75:330

Total Uncertainty:

± 1.26 GeV (0.73%)

http://link.springer.com/article/10.1140/epjc/s10052-015-3544-0
http://link.springer.com/article/10.1140/epjc/s10052-015-3544-0
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en• Branching ratio ~30%, clean with background O(few %)

• Select events where one W decays leptonically (e  or μ )

• Fully reconstruct final state and apply a 3D template method

with m
top

, m
W

 and R
bq

 as top quark mass dependent estimators

• In addition to top quark mass, determine a (b-)jet scale factor (JSF)

• decreases (b-)jet energy scale systematic uncertainties

• m
W

 is sensitive estimator to determine JSF

• The “b to light jet ratio” R
bq

 is used for bJSF

• Uncertainties from (b-)jet energy scales: 0.58 and 0.06 GeV

Lepton + jets channel at 7 TeV
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Eur. Phys. J. C (2015) 75:330

Total Uncertainty:

± 1.26 GeV (0.73%)

http://link.springer.com/article/10.1140/epjc/s10052-015-3544-0
http://link.springer.com/article/10.1140/epjc/s10052-015-3544-0
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Combination 2016
• Top quark mass measurements in the dilepton channel at E

cm
 = 7-8 TeV 

and the lepton+jets channel at E
cm

 = 7 TeV have been combined
• Combination is performed using the “Best Linear Unbiased Estimate” 

(BLUE) method - webpage

• The uncertainty components determine the corresponding correlation 
between the impact on the measurements (± 1)

• Dilepton and lepton + jets analyses use different methods
• this leads to smaller correlations compared to dilepton

at E
cm

 = 7 and 8 TeV which use identical methods

8

arXiv:1606.02179

http://blue.hepforge.org/
https://arxiv.org/abs/1606.02179
https://arxiv.org/abs/1606.02179
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Combination 2016
• Table shows the single input measurements, the determined correlations 

per uncertainty component and the result of the respective combinations
• Combinations:

• dilepton and lepton+jets at 7 TeV; dilepton at 7 and 8 TeV; all

9

combination: successive reduction of total uncertainty



A
nd

re
as

 W
ild

au
er

, M
ax

-P
la

nc
k 

In
st

itu
t f

ür
 P

hy
si

k,
 M

ün
ch

en

Combination - Summary

10
New combination: dilepton at 7 + 8 TeV, l+jets at 7 TeV

Total Uncertainty:

± 0.70 GeV (0.40%)
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All hadronic channel at 8 TeV
• High branching ratio 46%, very large QCD initiated background: ~50%

• Large background is estimated from data (ABCD method)

• Select events where both W’s decay hadronically

• The final state can be fully reconstructed

• Use R
3/2

 = m
jjj

/m
jj
 as top quark mass dependent estimator

• ratio reduces depence on jet energy calibration

11

Total Uncertainty:

± 1.15 GeV (0.7%)
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All hadronic channel at 8 TeV
• Six jets in final state → combinatorial bkg. due to wrong jet parton assignment

• Reduce combinatorial background by computing m
jj
 and m

jjj
 for all 

permutations and minimising a 2 function

• Largest uncertainties due to jet energy scale and hadronisation
12

QCD background
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Single Top t-channel at 8 TeV
• Use single top t-channel to measure top quark mass
• Select events where W decays leptonically (e  or μ )
• Main background from top pair production and W + jets

• Reduce background to <30% by use of neural network

• Use invariant mass of lepton b-jet system as estimator

• Largest uncertainty from

• jet energy calibration: 1.5 GeV, hadronisation: 0.7 GeV

13

ATLAS-CONF-2014-055

Total Uncertainty:

± 2.12 GeV (1.2%)

http://cdsweb.cern.ch/record/1951323
http://cdsweb.cern.ch/record/1951323
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Top Quark Pole Mass via Cross Section
• The top quark pair production cross section

depends on the top quark pole mass: σ
tt
(m

t,pole
)

• measure the cross section and extract the mass

• σ is measured in dilepton final state with opposite-charge eμ pairs
• Largest systematic uncertainties due to

• particle distribution function: 1.7 GeV
• baseline PDF is CT10, with PDF4LHC approach to derive systematic unc.
• uncertainty could be reduced by using more recent PDF sets

• uncertainty on integrated luminosity itself: 1.8% (2.8%) at E
cm

 = 7 (8) TeV 
• leads to 0.7 (1.2) GeV uncertainty on m

top
 at E

cm
 = 7 (8) TeV

14

Eur.Phys.J. C74 (2014) 3109

error bars include statistical and systematic errors

http://link.springer.com/article/10.1140/epjc/s10052-014-3109-7
http://link.springer.com/article/10.1140/epjc/s10052-014-3109-7
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Top Quark Pole Mass - tt + 1 jet
• Select top quark pair events in the lepton + jets channel
• Study events of top quark pairs with at least one additional jet
• Normalized differential cross section of tt + 1 jet system

• is sensitive to top quark pole mass

15

Largest uncertainties from
Statistical: 1.50 GeV
Jet energy scale: 0.96 GeV
Theory (scale variation, PDF): 0.5 - 1.0 GeV

Measurement is 
currently
repeated at E

cm
 = 8 TeV

JHEP 10 (2015) 121

Total Uncertainty:

± 2.1 GeV (2.7%)

http://link.springer.com/article/10.1007/JHEP10%282015%29121
http://link.springer.com/article/10.1007/JHEP10%282015%29121
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Summary and Outlook 
• The top quark mass is a free parameter of the Standard Model

• Precise measurements of the top quark mass are of great importance for 
theoretical predictions in conjuntion with the Higgs Boson and beyond

• ATLAS has measured the mass at E
cm

 = 8 TeV
• directly in the dilepton and all hadronic top quark pair production channels
• directly in the single top t-channel
• indirectly via cross section measurements

• At E
cm

 = 7 TeV, the top quark mass has been measured in all top quark pair 
production channels and via cross section measurements

• A few more analyses using Run 1 data are in preparation

• The ATLAS collaboration will continue to perform precise measurements 
of the top quark mass at E

cm
 = 13 TeV

16


