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Interests in the Top quark physics
Å Top quark?
ïMost massive elementary particle so far 

discovered
Åwith a mass ӱ173 GeV
Åstrong coupling to Higgs boson
Åmany BSM particles strongly couple with 

top quark

Å Studying top quark
ïPrecision test of pQCD, EWK
ïMany BSM searches from top production, 

properties and decay
ï Important background for a lot of LHC 

searches

Production
test QCD,
test EW,
BSM, A C, 
ttX

Decay
test EW,
Wtb , 
FCNC

Properties
Mass, Width,
Spin,
Charge
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LHC is a Top - factory
Å In the LHC - Run2 (2015 - 2018)

ï 140 fb - 1 832 pb 1.2 x 10 8 ◄Ӷ◄pairs were already produced

ï The goal: precision test of SM and BSM searches using huge ◄Ӷ◄sample

Åallow to measure very rare SM processes

~120M ◄Ӷ◄
„ ӶὒὨὸ
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Top quark signal
Å Top quark decay to W+b (ὠ ρͯ)

Å Final state objects

ï High - pT leptons or/and quark jets

ï Neutrino
Can be detected as large Missing E T (MET)

ï b- jets

Åb- tagging

ï Top jet (boosted top)

Åtop tagging

Electron

MET

Muon

Jets

can be categorized 
by W- boson decay

pT

Resolved                      Boosted 
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production cross - section measurements
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◄Ӷ◄production cross - section measurements
Å Can precisely test pQCD

Å Measurements have been performed in the various CMS - energy/final - state

2.4% total uncertainty
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Differential cross - sections
Å Differential cross sections can be used 

to test SM predictions and MC 
generators

ï Precision measurements are 
sensitive to new physics

Å A lot of measurement have been 
performed

Å Some tension between data and MC are 
observed

ï Significant over - prediction of „ Ӷat 
higher pT

t

(also Njets and pT,tt )

ï Better models are needed to 
reproduce the data well

PHYS. REV. D 103, 052008 (2021)

Eur. Phys. J. C (2019) 79:1028

JHEP01(2021)033
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top mass and properties
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Mass of the top quark
Å The measured ά and ά are at the boundary between stable 

and metastable
ά‏ 0.2 GeV (Recent LHC status)
- ά measurement is becoming more important 

Å What is the mass of top quark?

ï MC mass ά

ï Pole mass ά

Å How to measure them?

ï Direct measurement; ά

ÅReconstruct from top decay
objects

ï Indirect measurement; ά

ÅExtract from measured 
cross - section

Best ‏ά ͯ0.5GeV (Run - I comb.)
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