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Measuring Top Quark Mass
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 [1][16]WGtopLHCLHC comb. (Sep 2023*), 7+8 TeV 

statistical uncertainty

total uncertainty

total  stat

 recoil) [GeV]± syst ± total (stat ± topm L dt     Ref.∫
LHC comb. (Sep 2023*), 7+8 TeV  [1][16]­120 fb≤ 0.30)± 0.33 (0.14 ±172.52 

World comb. (Mar 2014), 1.9+7 TeV , [2]­18.7 fb≤ 0.67)± 0.76 (0.36 ±173.34 

ATLAS, l+jets, 7 TeV , [3]­14.6 fb 1.02)± 1.27 (0.75 ±172.33 

ATLAS, dilepton, 7 TeV   [3]­14.6 fb 1.31)± 1.42 (0.54 ±173.79 

ATLAS, all jets, 7 TeV , [4]­14.6 fb 1.2)± 1.8 (1.4 ±175.1 

ATLAS, dilepton, 8 TeV , [5]­120.3 fb 0.74)± 0.84 (0.41 ±172.99 

ATLAS, all jets, 8 TeV , [6]­120.3 fb 1.02)± 1.15 (0.55 ±173.72 

ATLAS, l+jets, 8 TeV , [7]­120.2 fb 0.82)± 0.91 (0.39 ±172.08 

ATLAS comb. (Sep 2023*) 7+8 TeV   [1]­1 20.3 fb≤ 0.41)± 0.48 (0.25 ±172.71 

ATLAS, leptonic inv. mass, 13 TeV , [8]­136.1 fb 0.25)± 0.66 ± 0.81 (0.39 ±174.41 

ATLAS, dilepton (*), 13 TeV   [9]­1139 fb 0.39)± 0.67 ± 0.80 (0.20 ±172.21 

CMS, l+jets, 7 TeV , [10]­14.9 fb 0.98)± 1.07 (0.43 ±173.49 

CMS, dilepton, 7 TeV , [11]­14.9 fb 1.5)± 1.6 (0.4 ±172.5 

CMS, all jets, 7 TeV , [12]­13.5 fb 1.21)± 1.39 (0.69 ±173.49 

CMS, l+jets, 8 TeV , [13]­119.7 fb 0.48)± 0.51 (0.16 ±172.35 

CMS, dilepton, 8 TeV , [14]­119.7 fb)
­0.93

+0.89
 (0.18  ­0.95

+0.91
172.22  

CMS, all jets, 8 TeV , [13]­119.7 fb 0.59)± 0.64 (0.25 ±172.32 

CMS, single top, 8 TeV , [15]­119.7 fb)
­0.93

+0.97
 1.22 (0.77  ±172.95 

CMS comb. (Sep 2023*), 7+8 TeV   [16]­1 19.7 fb≤ 0.39)± 0.42 (0.14 ±172.52 

CMS, all jets, 13 TeV   [17]­135.9 fb)
­0.72

+0.66
 0.73 (0.20  ±172.34 

CMS, dilepton, 13 TeV , [18]­135.9 fb 0.69)± 0.70 (0.14 ±172.33 

CMS, l+jets, 13 TeV , [19]­135.9 fb 0.37±171.77 

CMS, single top, 13 TeV , [20]­135.9 fb)
­0.71

+0.69
 (0.32  

­0.77

+0.76
172.13  

CMS, boosted, 13 TeV , [21]­1138 fb 0.84 (0.24)±173.06 
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Most accurate measurements
are in semileptonic channels of
tt̄

Single-Top measurements in the
t-channel

partially uncorrelated systematic
sources

Recent CMS Measurement:1
mt−ch

top = 172.13± 0.32 (stat+prof) +0.69
−0.71 (ext) GeV = 172.13+0.76

−0.77 GeV

1CMS Collaboration, JHEP 12 (2021) 161
Nikolaos Vassakis CHIPP Winter School 2025 January 21, 2025 3 / 13



Traditional Method

The top quark mass is reconstructed from the momenta of its decay products

Final state:
1 1 jet from the initial state quark (light jet)
2 1 jet from the b quark (b-jet)
3 1 charged lepton (muon)
4 1 neutrino −→ missing

t-channel

Neutrino Reconstruction:
Neutrino px and py −→ equal to MET
Neutrino pz −→ manual constraint at W boson mass

}
could do better

Nikolaos Vassakis CHIPP Winter School 2025 January 21, 2025 4 / 13



Kinematic Fit Regression

Innovation #1
Using BDT for regression to estimate the longitudinal component of neutrino
momentum (pz) by utilizing correlations with other kinematic variables
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Kinematic Fit Regression

Innovation #2
Using kinematic fitting to optimize the simultaneous estimation of all components
of the neutrino momentum

p
(ν)
x , p(ν)y , p(ν)z already estimated from MET and BDTG

constraint the mass of W
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Kinematic Fit Regression
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Top Quark’s Mass Measurement

Apply the algorithm to data from CMS (pp collisions, √s = 13 TeV)
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Result
mt−ch

top = 171.25 ± 0.24 (stat) GeV

−→ a promising method for reducing uncertainties!
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Thank you!
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Back-up Slides
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Top Quark’s Mass
Reconstruction Algorithm:
Selection Cuts → b-jet Pt Regression → Pz-neutrino Regression →

→ Chi-square → Top Mass Reconstruction
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Background Processes

tW-channel tt̄

W/Z+jets QCD
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Background Suppression
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