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Top quark mass measurement using the soft muon tagging
technique in pp collisions at

p
s = 13 TeV with the ATLAS detector

A measurement for the top-quark mass mt in the `+jets channel for tt̄ events is presented, with an

experimental technique used for the first time in ATLAS. Semi-leptonic decays of b-hadrons produced

by the same top which produced the leptonically decaying W-boson are exploited. The distribution of

the invariant mass of the lepton from the W-boson decay ` (with ` = e, µ) and of the soft muon µ
originated by the b-hadron decay, m`µ, is reconstructed in data and a profile likelihood fit is performed

to extract mt . The measured value of the top quark mass is mt = 174.44 ± 0.76 (stat.+syst.) GeV

(mt = 174.44 ± 0.39(stat .) ± 0.64(syst .) GeV) based on a data collected during 2015+2016 Run2

campaign corresponding to an integrated luminoisty of 36.1 fb
�1

.

To be submitted to:

Document created on 27th July 2020 using ATLAS LATEX Version 03-00-03.



N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

Analysis Team
[email: atlas-topq-2017-17-editors@cern.ch]

S. Amoroso, V. Boisvert, L. Cerrito, U. De Sanctis, M. De Santis, A. D’Onofrio, M.

Pinamonti, M. Vanadia, L. Wilkins

Editorial Board
[email: atlas-topq-2017-17-editorial-board@cern.ch]

Marjorie Shapiro (chair)

Fabrice Balli

Jelena JoviceviÊ


	Introduction
	Data and simulation samples
	Modelling of the tbart signal
	Background modelling
	Common treatment of MC samples

	Object and event selection
	Electrons
	Muons
	Jets
	B-tagging

	Missing transverse momentum
	SMT jet momentum calibration
	Truth level objects
	Event selection
	Signal composition and background modelling
	Event yields
	Control plots

	Reweighting of truth-only samples
	Particle level objects and selection
	The transfer function
	Testing the transfer function vs mt
	Testing the transfer function for modelling variations
	Treatment of statistical uncertainty on the transfer function in the analysis

	Systematic uncertainties
	Luminosity
	MC statistics
	Reconstructed objects
	Leptons
	Jets and missing transverse momentum
	Flavour tagging
	Pileup

	Signal modelling
	B-hadron and C-hadron production fractions and SMT decay modelling
	Hadrons to  branching ratios
	NLO generator uncertainties
	Underlying event and color reconnection
	PDFs
	Initial State Radiation uncertainties
	Fragmentation uncertainties
	Parton shower and hadronisation uncertainties
	Final State Radiation in the shower
	Conclusions on fragmentation, Parton Shower and hadronisation, FSR uncertainties

	Background modelling
	Modeling uncertainties on tbart dilepton component
	Uncertainties on the tbart SMT-fake component
	Non-tbart backgrounds


	Extraction of the top quark mass
	Top mass extraction
	The 'binned template method' fit
	Signal morphing
	Signal smoothing
	Fit stability

	Simultaneous binned profile likelihood fit setup
	Smoothing and pruning of systematic uncertainty variations

	Expected precision and effect of systematic uncertainities
	Fits to data
	Postfit plots discussion

	Results
	Conclusion
	Appendices
	Control plots without SMT-jet calibrations
	Data/MC discrepancies in control plots
	Impact of fragmentation on mismodelled variables
	Is the tbart composition mismodelled?
	Further investigations
	Discussion on the discrepancies
	The SMT jet pT discrepancy
	The pTrel discrepancy

	The hard lepton pTdiscrepancy
	Conclusion

	SMT jet pT calibration
	Binned-template likelihood fit
	Fit results and systematics
	kSMT-jet dependence on mt
	Fit stability in SS region

	Data-driven determination of fake and non-prompt lepton background
	e+jets control plots
	+jets control plots
	Validation of the estimate in control regions with b-tag and SMT requirements
	Validation of the smoother templates for the optimised selection

	Data-driven determination of the W+jet background
	Measurement of the W+jets normalization
	Measurement of the W+jets flavour fractions

	W+jets data-driven measurement uncertainties
	Statistical uncertainties
	Experimental uncertainties
	Multijet uncertainties
	Theoretical and modelling uncertainties

	Yields before data-driven correction
	W+jets data-driven measurement results
	Yields after data-driven correction
	Control plots after data-driven W+jets measurement
	Pretag, exactly 1 jet
	Pretag, exactly 2 jets
	Tagged, exactly 1 jet
	Tagged, exactly 2 jets

	Extrapolation of W+jets to the analysis signal region

	Z+jets background control region
	Single top studies
	JOs for the showering
	Results with Pythia6
	Comparison of Pythia6 vs Pythia8 samples
	Impact of top mass variations
	Parton shower uncertainty: Pythia8 vs Herwig 7.1.3
	Generator uncertainty: Powheg+Pythia8 (MEC off, global recoil) vs aMCatNLO+Pythia8
	Summary

	Evaluating effect of heavy resonance decays in b events
	Estimation of fraction of jets initiated from gluons
	Fit results crosschecks
	Non-profiled ASIMOV fits

	Effect of systematics on m
	Effect of tbart modelling systematics on total prediction with data superimposed

	FSR uncertainty with internal/external scale variations
	JOs

	Lepton pT distribution studies
	tbart-pT reweighting studies
	Comparison of pre-fit and post-fit plots
	2 calculation for data vs. plots
	Cross-check fits
	ISR splitting
	Top pT reweighting as systematic uncertainty

	Investigation on pile-up uncertainty
	Other crosschecks
	Investigation on Pythia vs Herwig
	A14-rb vs Monash
	Effect of rb-tuning on b-tagging efficiency
	CP-mixing modelling in Monte Carlo
	recoilToColouredOff

	More on LEP and SLD fits


	Older appendices
	Validation of AFII vs FullSim
	Truth sample reweighting validation
	Statistical uncertainty on samples from transfer function
	Shape comparison
	Event yields

	Effect of systematics on m
	Statistical precision of systematic uncertainties: bootstrap method
	Systematic uncertainty pruning
	Tests with alternative populations
	Pruning applied to the real measurement

	Top mass extraction with a profile likelihood fit
	KLFitter studies
	Kinematic likelihood fitter
	Nominal Setup and KLFitter Optimisation
	Tagging
	Semileptonic corrections
	Jet multiplicity
	Top mass treatment
	Final configuration
	Angular separation between hard and soft lepton studies
	KLFitter Control Plots


	Comparison of the three top mass extraction methods
	Top mass extraction
	The 'mean method'
	The parametric fit method
	Comparison between different methods




