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Abstract

A combination of top pair production cross section measurements, obtained from
CMS data taken in 2010 at a center-of-mass energy of /s = 7 TeV is presented. The
dataset analyzed corresponds to an integrated luminosity of 36 pb~!. The combined
result is o;; = 158 £ 19 pb, in good agreement with the most up-to-date theory pre-
dictions.
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1 Introduction

Measurements of the top pair production cross section in proton-proton collisions at the LHC
provide important tests of our understanding of the top quark production mechanism, and can
also be used in new physics searches. First measurements of the top quark pair production
cross section in pp collisions at a center-of-mass energy of /s = 7 TeV have been presented by
CMS [1] and ATLAS [2], based on an integrated luminosity of 3 pb~1.

New CMS measurements, which make use of the full 2010 dataset and correspond to an inte-
grated luminosity of 36 pb~! have recently been performed in the dilepton channel [3] as well
as in the lepton+jets channel, both without [4] and with [5] the use of b-tagging. In this note, a
combination of these cross section measurements is presented, which corresponds to the most
precise CMS measurement obtained to date. The result is compared with various theoretical
predictions.

2 Cross section combination

The individual cross sections in the lepton+jets and dilepton channels considered for the com-
bination are taken from [3, 5] and are, for completeness, reported in table 1.

Table 1: Summary of measured top pair production cross sections for the lepton+jets chan-
nel and the dilepton channel used in the cross section combination, also quoting the relative
weights the individual measurements are assigned when extracting the combined value.

Measurement Cross section [pb] Weight
CMS l+jets+tag 150 £ 9(stat) = 17(syst) £ 6(lumi) 58%
CMS dilepton 168 + 18(stat) & 14(syst) £ 7(lumi)  42%

The combination, which is still to be considered as preliminary, is performed under the sim-
plifying assumption that correlations between systematic uncertainties within the same mea-
surement can be ignored. The uncertainties of the individual measurements are rearranged
into a part which is fully correlated between measurements, and a part which is fully uncor-
related. The latter category is composed of the statistical uncertainty and the contribution to
the systematic uncertainty which is due to the modeling of the backgrounds, which is how-
ever only relevant for the dilepton measurement. The correlated and uncorrelated errors from
the dilepton measurements become therefore 19 pb and 11 pb, respectively, having excluded
the contribution from the luminosity uncertainty. The rest of the systematic uncertainties are
considered as entirely correlated between the measurements.

The combination is performed using the BLUE technique [6], and yields a cross section of:
oy = 158 £ 10(unc.) £ 15(cor.) £+ 6(lumi) pb, (1)

where the errors quoted correspond to the uncorrelated and correlated uncertainties respec-
tively, and include an additional 4% luminosity uncertainty. The final error on the combined
cross section is 12%, and the relative weights of the lepton+jets and dilepton channels are de-
termined as 58% and 42%, respectively.
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3 Comparisons with other measurements and theory

Several theoretical predictions of the inclusive top quark pair production cross section in proton-
proton collisions at /s = 7 TeV are considered in what follows.

e The next-to-leading order (NLO) cross section has been calculated as:
oXO(MCFM) = 15823 pb, ()

by using MCFM [7, 8]. The uncertainty in the cross section includes the scale un-
certainties, determined by varying the factorization and renormalization scales by a
factor 2 and 0.5 around the central scale choice of m; = 172.5 GeV, and the uncer-
tainties from the parton density functions (PDFs) and the value of «g, following the
procedures from the MSTW2008 [9, 10], CTEQ6.6 [11], and NNPDEF2.0 [12] sets. The
uncertainties are then combined according to the PDF4ALHC prescriptions [13].

e The approximate next-to-next-to-leading order (NNLO) cross section, as calculated
in [14], is:

approx.NNLO
tt
where the MSTW2008 NNLO PDFs are used, and the renormalization and factoriza-
tion scales are set to m; = 172.5 GeV. The scale uncertainty is evaluated by varying
both scales simultaneously by factors 2 and 0.5, and the PDF uncertainty is evaluated
using the 90% confidence level envelope of the used PDF.

(Kidonakis) = 163™ (scale) "y (PDF) = 16313 pb, 3)

e Another approximate NNLO prediction for the cross section was obtained using the
HATHOR program [15], using the calculations from [16]. The result is:

oPPrOXNNLO(HATHOR) = 16415 (scale) *§ (PDF) = 164119 pb, (4)

using the MSTW2008 NNLO PDF and setting the renormalization and factorization
scales to m;y = 173 GeV. The scale uncertainty is evaluated by varying both scales
independently by factors 2 and 0.5, and the PDF uncertainty is evaluated using the
90% confidence level envelope of the used PDFE. The cross section has also been cal-
culated at NLO as:

o "0 (HATHOR) = 160*3] (scale) 1§ (PDF) = 160733 pb, (5)
using the MSTW2008 NLO PDE.

Since both central values as well as uncertainties are in good agreement for NLO and approx-
imate NNLO calculations using different codes, we use just the HATHOR predictions in the
comparisons to follow.

Figure 1 shows a summary of the various existing top pair production cross sections at 7 TeV
LHC energy, and comparison with theory. The CMS combined cross section using 36 pb~!
is presented, as well as the various individual CMS measurements. For comparison, also the
previous ATLAS and CMS results using 3 pb~! are shown. All measurements are in good
agreement with the theoretical prediction, within uncertainties. The experimental precision is
already better than the theoretical uncertainty of the NLO calculation.

Figure 2 shows the top pair production cross section as a function of the center-of-mass energy
\/s of the collision. It compares measurements made at the proton-proton collider TEVATRON
with the LHC measurements. Again, good agreement between the CMS measurement and
theory is observed.
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Figure 1: Summary of various inclusive top pair production cross section measurements made
in 7 TeV proton-proton collisions. Data points are from this note, as well as [1-5]. Theory
predictions are obtained using [15, 16]. The inner error bars of the data points correspond to
the statistical uncertainty, while the outer (thinner) error bars correspond to the quadratic sum
of statistical and systematic uncertainties. The outermost brackets correspond to the total error,
including a luminosity uncertainty of 11% (4%) for the 3 (36) pb~! results, respectively, which
is also added in quadrature.
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Figure 2: Top pair production cross section as a function of /s, for both pp and pp collisions.
TEVATRON measurements made at /s = 1.8 TeV are taken from [17, 18], while those made
at /s = 1.96 TeV are taken from [19, 20]. The CMS combined measurement presented in this
note is shown, as well as the ATLAS measurement from [2]. Data points are slightly displaced
horizontally for better visibility. Theory predictions at approximate NNLO are obtained us-
ing [15, 16]. The error band of the prediction corresponds to the scale uncertainty.



4 Conclusions

This note presents a combined value for the top pair production cross section measured by
CMS, using the full 2010 dataset, corresponding to 36 pb~! of integrated luminosity, and taken
at a center-of-mass energy of 7 TeV.

The combined value is ;; = 158 =19 pb, and is the most precise CMS measurement obtained to
date. The value is in agreement with the most recent NLO and approximate NNLO predictions
of the inclusive top pair production cross section.
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