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multiplicity distribution is changed within its uncertainty; the scale factors between data and
simulation for the b-tagging efficiency [25], trigger efficiency, and lepton selection efficiency
are shifted up and down by their uncertainties; the factorization and renormalization scales are
together varied up and down by a factor of 2; the top-quark mass is varied by ±1 GeV, based
on the uncertainty in the world average mt measurement; and the parton distribution functions
are varied using the PDF4LHC procedure [50]. For the uncertainty in quark and gluon hadron-
ization modeling, the S matrix is rederived from the tt sample generated with POWHEG and
PYTHIA while the A matrix is unchanged, in order to capture only the difference in hadroniza-
tion modeling between HERWIG and PYTHIA.

The previous CMS studies [51, 52] have shown that the pT distribution of the top quark mea-
sured from the data is softer than that seen in the NLO simulation. Since the origin of the
discrepancy is not fully understood, the full difference between the results before and after
reweighting the MC@NLO tt sample to match the top-quark pT spectrum in data is taken as an
additional systematic uncertainty associated with signal modeling.

The uncertainty due to unfolding regularization is evaluated by using the reconstucted distri-
bution of a variable in data to reweight the corresponding simulated signal distribution used
to regularize the curvature of the unfolded distribution; this is found to have a small effect on
all measurements.

The systematic uncertainties in the asymmetry values obtained from the unfolded distributions
are summarized in Table 4. The total systematic uncertainty is calculated by adding in quadra-
ture the listed uncertainties. The systematic uncertainties are also evaluated for each bin of
the unfolded distributions, from which the covariance matrix is constructed assuming 100%
correlation or anti-correlation between bins for each individual source of uncertainty.

Asymmetry variable ADf AP ACPV
P Ac1c2 Acos j

experimental systematic uncertainties
Jet energy scale 0.002 0.019 0.001 0.007 0.009

Jet energy resolution < 0.001 0.003 0.002 0.002 0.001
Lepton energy scale < 0.001 0.003 0.002 0.006 0.002
b-tagging efficiency < 0.001 0.001 0.001 0.001 0.001

Lepton selection 0.001 0.002 < 0.001 < 0.001 < 0.001
Pileup < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Background 0.001 0.002 < 0.001 0.001 0.001
tt modeling uncertainties

Top quark mass 0.001 0.008 0.001 0.007 0.001
Fact. and renorm. scales 0.002 0.002 0.002 0.005 0.003

Parton distribution functions 0.004 0.001 < 0.001 0.005 0.005
Hadronization 0.001 0.019 0.003 0.005 0.004

Unfolding (simulation statistics) 0.002 0.003 0.003 0.006 0.005
Unfolding (regularization) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Top quark pT 0.011 0.004 < 0.001 0.006 0.006

Table 4: Systematic uncertainties on the inclusive asymmetry variables.

For ADf, the top quark pT modeling uncertainty is dominant; this arises from the dependence
of the distribution shape on the top quark pT (through changing spin correlations and event
kinematics) that in turn introduces a significant dependence of the acceptance correction on
the top quark pT. For AP, the jet energy scale and hadronization systematic uncertainties are


