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Abstract A top quark mass measurement is performed
using 35.9 fbŠ1 of LHC protonÐproton collision data col-
lected with the CMS detector at

�
s = 13 TeV. The mea-

surement uses the tt all-jets Þnal state. A kinematic Þt is per-
formed to reconstruct the decay of the tt system and suppress
the multijet background. Using the ideogram method, the top
quark mass (mt) is determined, simultaneously constrain-
ing an additional jet energy scale factor (JSF). The resulting
value ofmt = 172.34 ± 0.20 (stat+JSF)± 0.70 (syst) GeV



tlepton+jets

andall-jetsÞnalstatesispresented,usingthesamemass

extractionmethod,andprovidesan mt measurement of
172.26± 0.07 (stat+JSF)± 0.61 (syst) GeV. This is the Þrst
combinedmt extraction from the lepton+jets and all-jets
channels through a single likelihood function.

1 Introduction

The top quark [1,2] is the most massive known fundamen-
tal particle and its massmt is an important parameter of the
standard model (SM) of particle physics. Precise measure-
ments ofmt can be used to test the internal consistency of the
SM [3Ð5] and to search for new physical phenomena. Since
the top quark dominates the higher-order corrections to the
Higgs boson mass, a precisemt determination is crucial to
put constraints on the stability of the electroweak vacuum
[6,7].

At the CERN LHC, top quarks are predominantly pro-
duced in quark-antiquark pairs (tt) through the gluon fusion
process, and decay almost exclusively to a bottom quark and
a W boson. Each tt event can be classiÞed through the decays
of the W bosons. Events in the all-jets Þnal state correspond
to those that have both W bosons decaying further into qq�

pairs, while events in the lepton+jets Þnal state have one
W boson decaying to a charged lepton and a neutrino.
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This paper presents a measurement ofmt obtained in the
tt all-jets decay channel using protonÐproton (pp) collision
data taken in 2016 by the CMS experiment at a center-of-
mass energy of

�
s = 13 TeV, corresponding to an integrated

luminosity of 35.9 fbŠ1. The two bottom quarks and the four
light quarks from the tt decay are all required to be physi-
cally separated in the laboratory frame of reference, and the
nominal experimental signature is therefore characterized by
six jets in the detector.

Although this Þnal state provides the largest branching
fraction of all tt decays, this measurement ofmt is partic-
ularly challenging, because of the large background from
multijet production. A kinematic Þt of the decay products
to the tt hypothesis is therefore employed to separate signal
from background events.

The value ofmt is extracted using the ideogram method
[8,9], which is based on a likelihood function that depends
either just on the mass parametermt, or on mt combined
with an additional jet energy scale factor (JSF). In the second
case, the invariant mass of the two jets associated with the
W � qq� decay serves as an observable to directly estimate
the JSF.

Previous measurements in this decay channel have been



s = 8 TeV, resulting in a mass of
mt = 172.32± 0.25 (stat+JSF)± 0.59 (syst) GeV. Combining
the results of several measurements using different Þnal states
at

�
s = 7 and 8 TeV, ATLAS and CMS reported values of

mt = 172.69± 0.48 GeV [15] and 172.44± 0.48 GeV [12],
respectively, while a value ofmt = 174.30± 0.65 GeV was
obtained by combining the Tevatron results [16].

The top quark mass has been measured for the Þrst time
with pp data at

�
s = 13 TeV, using the lepton+jets channel

[17], yielding a value ofmt = 172.25 ± 0.08 (stat+JSF)±
0.62 (syst) GeV. A measurement using both tt all-jets and
lepton+jets events is presented here. This is possible since
the two measurements use the same mass extraction method,
so a single likelihood can be used, rather than just combining
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