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Summary. — The top quark mass has been measured with several methods. In this
paper a method based on the Soft Muon Tagging is discussed; which relies on the
identification of a muon in the semileptonic decays of hadrons originating from the
hadronisation of the b (anti-b) quark coming from the top (anti-top) decay (¢t —
Wb). By reconstructing the invariant mass of the soft muon and the prompt lepton
coming from the leptonic W decay, it is possible to extract the top quark mass. This
measurement is being developed for Run-2 data collected with the ATLAS detector
at the LHC.

1. — Top mass measurement exploiting the Soft Muon Tagging

The Soft Muon Tagging (SMT) is based on the identification of heavy flavor jets
through semileptonic decay. This is a b-tagging technique complementary to other meth-
ods and used for tf and W + ¢ measurements. The SMT-based top mass method is used
to relate the top quark mass to the invariant mass m(fu) constructed using the SMT p
and the lepton (¢ = e/u) from the W decay [1]. This is the first top mass measurement
using the SMT technique in ATLAS and is largely independent of standard techniques
used to measure the top mass. Futhermore, the SMT method does not (necessarily)
require precision secondary vertexing.

2. — SMT definition and implementation

The SMT is a set of requirements to identify muons originated from heavy-flavor decay
in jets. Jets, reconstructed with an anti-kp (R = 0.4) algorithm, are pre-selected if they
are spatially matched with a muon within AR(jet, 1) < 0.5. The muon is reconstructed
from a combination of an Inner Detector (ID) and a Muon Station (MS) track, and
|do| < 3mm; |2psinf| < 3mm, where dy is the trasverse impact parameter of the muon
with respect to the beamline, zy is the longitudinal impact parameter of the muon with
respect to the primary vertex, 6 is the polar angle. A cut in momentum imbalance

Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0) 1




2 MAURIZIO DE SANTIS

- R R R B
& 80000~ O Wsngetop A AR RAAES RSN RERES EALES EERAN RAREE
"] t -1 W e + i - = " . & -
= C E-13TeV, 3651 gm - .5 i 1 = ATLAS Simulation work in progress 3
£ s0000(- SI:Teanmm ™ 3 8 ®2F G.13Tev,3650" -
- T E™™ > 30 GeV & E™+m (W) > 60 GeV ] —:; 43.1 Expected + 3
400001 b | = 43 3
F ATLAS simulation work in progress | = + 3
] - 3
300001 b 429 -
- 1 4258 " E
20000 = E
s 1 427 + 3
100001 e 426 3
: . 4 4 MC simulation 3
: n 425 Fit to simulation
g - E 424 —- AsimovData
gm,_ 3 PPYC| TR I I B P PR
L 189 170 171 172 173 174 175 176
20 40 60 80 100 120 140 m (top) [GeVic?

m (1 p) [GeV]

Fig. 1. — Left: the distribution of the invariant mass m(fu) of the lepton from the W decay
and the SMT p from simulation with selections as described in sect. 2.1. The uncertainty
band (dashed blue area) includes both the statistical and the systematic uncertainties on the
prediction. The ¢t signal (white) and single top (blue), W + jets (ocher), Z + jets (orange)
and diboson (yellow) backgrounds are also shown. Right: the calibration curve correlating the
mean value of the distibution m(£u) from simulated ¢f events, and the input top mass m;. The
continuous red line shows a linear fit to the points (black dots).

MI = (pip —pms)/pms < 0.1 (where pyp is the momentum in the ID of the muon and
pus in the MS) is applied to reduce the mistag rate due /K decays in flight. The SMT
efficiency e and rejection for the muons are, respectively, about 90% and of the order
of 1073 [2].

2'1. Event selection. — The following cuts are applied to select the signal events: one
isolated e/p (27/28 GeV) and at least 4 jets (25 GeV); at least 1 b-tagged jet (vertex
tagger with € = 77%); EZ*® > 30GeV and EF"¢ + mp(W) > 60GeV; at least one
SMT and vertex tagged jet (double tag).

Moreover, we use the ATLAS 13 TeV 2015 + 2016 dataset. The invariant mass m(¢u)
is built using the highest pr SMT-p in the event and the top mass is extracted from
the mean of the m({u) histogram through a calibration curve (fig. 1). The main sys-
tematic uncertainties expected are the top modelling, the b-quark fragmentation and
hadronisation and the b-tagging.

3. — Conclusion

The SMT method and its definition and selection have been presented using a simu-
lation of the ATLAS 13 TeV data. This method is currently under study and is expected
to improve top quark mass measurements.
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