
2011 dilepton : 𝒔 = 7 TeV, 𝑳𝒊𝒏𝒕 = 𝟓. 𝟎 𝒇𝒃−𝟏 [2]
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Combination of CMS standard mt measurement :
𝑚𝑡 = 173.44 ± 0.37 𝑠𝑡𝑎𝑡. ± 0.91 𝑠𝑦𝑠𝑡. GeV

Kinematic endpoint method [5]

 Kinematics endpoint has 
a relation to the parent 
particle’s mass

 Independent of 
assumptions on shapes 
(no templates or transfer 
functions)

 MT2 : minimum parent 
mass consistent with 
observed final state

 Three MT2⊥
subsystem 

variables : measure top, 
W and 𝜈 simultaneously

𝒎𝒕 = 𝟏𝟕𝟑. 𝟗 ± 𝟎. 𝟗 𝒔𝒕𝒂𝒕. ± 𝟐. 𝟑 𝒔𝒚𝒔𝒕. GeV

 𝑀𝑡 from displacement of 
secondary vertices 
reconstructed in jets

 Consider B hadron decay 
length to be correlated to mt

 Not sensitive to Jet Energy 
Scale

 Rely on proper understanding 
of top kinematics modeling

𝒎𝒕 = 𝟏𝟕𝟑. 𝟓 ± 𝟏. 𝟓 𝒔𝒕𝒂𝒕. ± 𝟐. 𝟗 𝒔𝒚𝒔𝒕. GeV

B hadron lifetime technique (Lxy) [6]

 Comparing measured 𝜎𝑡  𝑡 to the NNLO QCD prediction

 Under the assumption that 𝑚𝑡
𝑀𝐶 = 𝑚𝑡

𝑝𝑜𝑙𝑒
± 1 GeV

 Predicted 𝜎𝑡  𝑡 using different NNLO PDF set vs. 𝑚𝑡

 Using 𝛼𝑠 𝑚𝑍 = 0.1184 ± 0.0007

Top pole mass from 𝝈𝒕  𝒕 [7]

𝒎𝒕 = 𝟏𝟕𝟔. 𝟕−𝟑.𝟕
+𝟑.𝟑 GeV

Summary of standard CMS 𝑚𝑡 measurements 
and their combination 

Combination of CMS mt measurement [1]

 Uncertainty category mapping for the input 
measurements and the result of the CMS 
standard measurement mt combination.
 𝜌𝑐ℎ𝑎𝑛 are the assumed correlation factors 

between measurements in the same top 
quark decay channel
 𝜌𝑦𝑒𝑎𝑟 are the assumed correlation factors 

between measurements performed using 
data from the same year

 The result and uncertainty of the combination 
are tested by varying the nominal correlation 
coefficients and observed to be stable.

Comparison of the standard mass combination CMS mt

combination and measurements obtained using alternative 
analysis technique.
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Summary and prospect [9]

Alternative methods

CM (TeV) 7 13 14 Decay channel

Lint(fb
-1) 5 30 300

𝑱/𝝍 1.8 0.8 𝒍 + 𝒋𝒆𝒕𝒔

Lxy (8TeV) 3.4 1.3 0.6 𝒆𝝁 only

Endpoints 2.1 1.1 0.6 𝒆+𝒆−, 𝝁+𝝁−, 𝒆±𝝁∓

Standard 1.1 0.6 0.4 𝒍 + 𝒋𝒆𝒕𝒔

 Measurement of the top quark mass from 𝑡  𝑡 decays to dilepton final states
 Top mass is reconstructed with Analytical Matrix Weighting Technique(AWMT)
 Using a maximum-likelihood fit

 The mass of top quark is measured using a sample of 𝑡  𝑡 candidate events with 
at least six jets in the final state.

 1D fit using nominal Jet Energy Scale and ideogram method

 Measured using a sample of 𝑡  𝑡 candidate 
events with one electron or muon and at least 
four jets in final states

 Ideogram method

A combination of the measurements of the top quark mass from the CMS experiment at the LHC is presented. It is based 
on data recorded between 2010 and 2012 and correspond to an integrated luminosity of up to 20 fb-1. The combination 
includes results obtained using standard analysis techniques in several decay channels and preliminary measurements 
using alternative analysis techniques (endpoints, Lxy). The resulting combined CMS measurements of the top-quark mass is 
𝑚𝑡 = 173.49 ± 0.36 (𝑠𝑡𝑎𝑡. ) ± 0.91 (𝑠𝑦𝑠𝑡. ) GeV, with a total uncertainty of 0.98 GeV.

Projected improvement of the accuracy at the upgraded LHC

Standard methods

𝒎𝒕 = 𝟏𝟕𝟐. 𝟓 ± 𝟎. 𝟒 𝒔𝒕𝒂𝒕. ± 𝟏. 𝟓 𝒔𝒚𝒔𝒕. GeV

𝒎𝒕 = 𝟏𝟕𝟑. 𝟒𝟗 ± 𝟎. 𝟒𝟑 𝒔𝒕𝒂𝒕. +𝑱𝑬𝑺 ± 𝟎. 𝟗𝟖(𝒔𝒚𝒔𝒕. ) GeV

𝒎𝒕 = 𝟏𝟕𝟑. 𝟓 ± 𝟎. 𝟕 𝒔𝒕𝒂𝒕. ± 𝟏. 𝟐(𝒔𝒚𝒔𝒕. ) GeV

Future alternative 

Main systematic uncertainties of Lxy

 Top quark 𝑝𝑇 modeling : ~ 2.6 GeV
 B quark hadronization model : ~ 0.8 GeV
 B-hadron composition  : ~ 0.4 GeV
 Background estimation : ~ 0.4 GeV

Main systematic uncertainty of Endpoint
 Data jet energy scale

2011 lepton + jets : 𝒔 = 7 TeV, 𝑳𝒊𝒏𝒕 = 𝟓. 𝟎 𝒇𝒃−𝟏 [4]

2011 all-jets : 𝒔 = 7 TeV, 𝑳𝒊𝒏𝒕 = 𝟑. 𝟓𝟒 𝒇𝒃−𝟏 [3] 

The BLUE method is used for the combination[8]
 Bi-Event Subtraction Technique (BEST) is a method of modeling and subtracting dominant 

combinatorial background during reconstruction of particle decay chains at hadron colliders.
 The background shape can be modeled by combining observed particles from different 

collision events.
 The basic idea of BEST can be demonstrated for the reconstruction of the W boson decaying 

into two jets at LHC.
 A general application of BEST can reconstruct the top quark while combining the b jets with 

the reconstructed W.

 Used ALPGEN-PYTHIA-PGS4 for both 𝑡  𝑡 events (signal) + Wjets (background)
 Selected events with exactly one isolated lepton (pT>20 GeV) and at least three jets 

with at least one b-tagged jet (pT>30 GeV)

BEST is interesting for New Physics and can be commissioned with a top-mass measurement.

Event A

Event B

Jet pairs come from the same event:
Signal or 

Combinatoric background

Another sample of jet pairs where 
each jet comes from a different event:

Combinatoric background or
Non-existent background 

Pairs Same Event Bi-event

jj 𝑗𝑗

jk 𝑗𝑘 𝑗𝑘′, 𝑗′𝑘

kk 𝑘𝑘 𝑘𝑘′

jb 𝑗𝑏, 𝑗 𝑏 𝑗 𝑏′, 𝑗′ 𝑏

bx 𝑏 𝑏, 𝑏𝑘,  𝑏𝑘
𝑏 𝑏′, 𝑏′ 𝑏,
𝑏𝑘′, 𝑏′𝑘,
 𝑏𝑘′,  𝑏𝑘

Doesn’t rely on any MC calibration

Rely on top kinematic modeling

* Details on the 𝐽/𝜓 method can be found in E. Bouvier’s poster.

Uncertainty drops by in-situ b-JES fit,  different measurements and 
NLO-based MC. To fully profit from a measurement of this precision, 
important advances in theoretical interpretation of the results are also 
imperative.
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