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This paper describes the most recent results of tt̄ production cross section measurements

performed by the CDF and D0 experiments, analyzing up to 5.7 fb−1 of data collected at

a center-of-mass energy of 1.96 TeV at the Tevatron Fermilab collider. All possible tt̄ final

states are being investigated and the resulting measurements are currently limited by the

systematic uncertainties. The best results are obtained in the lepton+jets final state, with

relative precision ranging from 7 to 9 %, comparable to the theoretical one.

1 Introduction

The top quark was discovered at the Tevatron in 1995 1. Due to its large mass, it may play an
important role in the mechanism of electroweak symmetry breaking. According to the standard
model (SM), it decays with a branching ratio (BR) of almost 100% in a W boson and a b-quark
without hadronizing, and as a consequence its properties can be measured directly from its
decay products. At the Tevatron, where pp̄ interactions occur at a center-of-mass energy

√
s =

1.96 TeV, it is mainly produced in tt̄ pairs via strong interaction through qq̄ annihilation (BR
∼ 85%) or gg fusion (BR ∼ 15%). The most precise predictions of tt̄ production cross section
are currently given by approximate Next-to-Next-to-Leading-Order (NNLO) calculations, with
precisions ranging from 6 to 9% 2. For a top mass of 172.5 GeV/c2, the tt̄ production cross
section is about 7.5 pb.

The measurement of tt̄ production cross section is an important test of perturbative QCD
(pQCD) calculations at high energy; it can also serve to indirectly extract the top quark mass,
in a more precise defined theoretical framework with respect to the direct measurements 3. A
precise determination of the tt̄ cross section is important to determine the tt̄ background to many
Higgs searches and it can also be a probe for new physics. As an example, the cross section
value can be enhanced by new processes beyond the SM such as top pair production via new
massive resonances 4, while the comparison of the top pair production cross section in different
decay channels can be sensitive to the presence of top decays via a charged Higgs boson 5.

At CDF and D0 experiments tt̄ pairs are observed and studied in all possible final states:
dileptonic, when both W s decay into leptons (electron e or muon µ), lepton + jets, where one W
decays leptonically and the other into jets of particles, and all hadronic, where both W s decay
hadronically. Final states with τ leptons decaying leptonically are accounted for in the dilepton
or lepton+jets channels, while channels with hadronic decays of τs are treated separately.

In all the analysis presented in this paper, the identification of jets originated by b quarks
(b-jets) plays a fundamental role. Both collaborations identify b-jets exploiting the displacement



of their vertex with respect to the primary one: CDF selects displaced tracks within a jet and
constrains them to a common vertex 6, while D0 uses a Neural Network (NN) 7 combining
variables characterizing the properties of b-jets.

In the following sections we will describe in more detail the most recent results in the different
tt̄ decay channels.

2 The Dilepton Channel

The dilepton channel has a small branching ratio of about 5%, but the presence of two high-
pT leptons (e or µ) makes the signature of this final state very clean. The selection requires
also missing tranverse energy ( 6ET ) and one or at least two jets. The main physics background
sources are Drell-Yan events and diboson production. W+jets and Wγ events can be source of
instrumental background when a jet/γ is misidentified as a lepton.

The most recent and precise tt̄ cross section measurement in the dilepton channel is from
D0 and it is based on 5.4 fb−1 of integrated luminosity. Three different dilepton final states (ee,
µµ, eµ) are selected, with lepton pT > 20 GeV and at least two jets, except for the eµ channel
where events with one jet are also considered. After the kinematic selection, a better separation
between signal and background is achieved considering the distribution of the smallest of the
two b-tagging NN discriminant outputs of the two leading jets (see fig. 1). The tt̄ cross section
is measured by simultaneously fitting the NN distributions in the four channels. In order to
reduce the influence of systematic uncertainties on the cross section measurement, the nuisance
parameters technique is used to constrain the overall uncertainty using the data NN output
distribution itself: the impact of each uncertainty is parameterized in the likelihood function
by a nuisance parameter that is constrained with a Gaussian probability with a mean of zero
and a width corresponding to the size of the uncertainty. As the systematic uncertainties are
the limiting factor in the precision of the tt̄ cross section measurement, constraining them with
data using this technique allows to improve the overall uncertainty of approximately 20% and
to reach a relative precision of 11%. The final result is σtt̄ = 7.4 +0.9

−0.8 (stat+syst) pb for mt =
172.5 GeV/c2 8.

CDF best determination in the same final state, with a relative precision of about 13%, is
obtained by means of a counting experiment on the samples without b-tagging requirement or
with at least one b-tagged jet, considering all leptonic modes together. The resulting cross section
value in the first sample, for mt = 172.5 GeV/c2 and using 5.1 fb−1 of integrated luminosity, is
σtt̄ = 7.40 ± 0.58 (stat) ± 0.63 (syst) ± 0.45 (lumi); the result in the b-tag sample (4.8 fb−1) is
σtt̄ = 7.25 ± 0.66 (stat) ± 0.47 (syst) ± 0.44 (lumi)9.

3 The Lepton + Jets Channel

With a branching ratio of about 30% and the presence of at least one high-pT lepton in the final
state, the lepton + jets is considered the golden channel in the top quark measurements. The
main physics background source is W+jets production, while QCD production is a source of
instrumental background when a jet is misidentified as a lepton.

As for the dilepton case, also in the lepton+jets channel the precision of tt̄ cross section
measurements is limited by the systematic uncertainties. One of the main sources is the estimate
of the integrated luminosity, due to the uncertainty in the inclusive pp̄ theoretical cross section
and in the acceptance of the luminosity monitors. CDF removes this uncertainty measuring the
tt̄ cross section relative to the inclusive Z/γ∗ → ll cross section, and multiplying this ratio by the
theoretical Z/γ∗ → ll value σth

Z . In this way the 6% experimental uncertainty on the integrated
luminosity is substituted by the 2% uncertainty on σth

Z . This technique has been applied for the
first time to two different tt̄ cross section measurements by CDF, one based on b-tagging and



Figure 1: Expected and observed distribu-

tions for the smallest b-tagging NN discrim-

inant outputs of the two leading jets for the

eµ + 2 jets channel.

Figure 2: The data and best fit for the flavor separator

distribution for samples defined by the number of jets

and number of tags.

the other on a topological selection relying on a NN which exploits the kinematic properties of
the event. The basic lepton+jets event selection is common to the two analyses and requires one
central well identied high-pT e or µ (pT > 20 GeV), large amount of missing transverse energy
( 6ET > 25 GeV) and the presence of at least three central central jets with ET > 20 GeV. In
the b-tagging measurement, to further reduce background, an additional requirement is placed
on the scalar sum HT of the transverse energy of the lepton, 6ET , and jets (HT > 230 GeV).
The b-tagging analysis, based on a data sample of 4.3 fb−1, extracts the tt̄ cross section from a
likelihood fit; the other, based on 4.6 fb−1 of data, fits the NN output. The two measurements,
combined using a best linear unbiased estimate method, give a tt̄ cross section value σtt̄ = 7.70
± 0.52 (stat+syst+theory) pb for mt = 172.5 GeV/c2 10. The relative precision of about 7%
makes this result the most precise tt̄ cross section measurement up to date.

In the lepton+jets analysis, after requiring the events to have at least one b-tagged jet, the
main source of background comes from W boson production with associated jets from heavy
flavor (HF). This background is theoretically difficult and a source of systematic uncertainty.
To reduce it, CDF constrains it with the data: a NN flavour separator, trained to discriminate
tt̄ signal from W + HF and W + light flavour (LF) backgrounds, is used to build templates for
subsamples of data with different number of jets and b-tags (see fig. 2). A simultaneous fit for
σtt̄, W + HF and W + LF fractions and systematic uncertainties (included in the likelihood
function as nuisance parameters), returns the cross section value of σtt̄ = 7.64 ± 0.57 (stat+syst)
± 0.45 (lumi)11, for mt = 175 GeV/c2 and on 2.7 fb−1 of data, with a relative precision of about
9%. This technique reduces the uncertainty of about 21% and the precision of the result could
be further improved in the future measuring the ratio to the Z/γ∗ → ll cross section.

The same precision, but with a different technique, is obtained by D0 in the lepton+jets
channel on 5.3 fb−1 of integrated luminosity. The data sample is splitted in sub-samples accord-
ing to the number of jets and b-tags and a likelihood function is build multiplying discriminating
distributions defined in the different samples. In the samples with high jet multiplicity and at
least two b-tagged jets, which have high signal to background ratio (S/B), the distribution of the
number of b-tagged jets is considered. In the low S/B samples, with none or only one b-tagged
jet, a discriminant based on kinematic variables is used. The sample with exactly two jets, of
which at least one b-tagged, is used to extract the W+HF fraction, as it is mainly composed by
W+HF events. The systematic uncertainties are incorporated in the likelihood fit as nuisance
parameters. The result, for mt = 172.5 GeV/c2, is σtt̄ = 7.78 +0.77

−0.64 pb
12, with a relative precision



of about 9%.

3.1 Differential Cross Section Measurement

Thanks to the good S/B ratio and the high statistic samples, the lepton+jets final state is ideal
to study the tt̄ cross section as a function of selected top kinematic variables. Measurements
of differential cross sections in the tt̄ system test pQCD for heavy-quark production, and can
constrain potential physics beyond the SM. CDF performs a measurement of the tt̄ differential
cross section with respect to the tt̄ invariant mass, δσ

δMtt̄
, on 2.7 fb−1 of integrated luminosity.

After a standard lepton+jets selection, the tt̄ invariant mass is reconstructed using the four-
vectors of the b-tagged jet and the three remaining leading jets in the event, the lepton and the
6ET . After subtracting the background processes, the distortions in the reconstructed distribution
due to detector effects, object resolutions and geometric and kinematic acceptance are corrected
for through a regularized unfolding technique. From the unfolded distribution, the tt̄ differential
cross section δσ

δMtt̄
is extracted and its shape is compared with the SM and found in good

agreement 13.

D0 instead studies the dependence of the tt̄ production cross section on the pT of the top
on 1 fb−1 of data. A constrained kinematic fit to the tt̄ final state, which takes into account
the unreconstructed neutrino and finite experimental resolution, is used to associate leptons
and jets with individual top quarks. The reconstructed pT spectrum is subsequently corrected
for effects of finite experimental resolution, based on a regularized unfolding method using
a migration matrix between the reconstructed and parton pT derived from simulation. The
resulting δσ

δpT
distribution (see fig. 3) shows good agreement with results from NLO and NNLO

pQCD calculations and from different MC event generators (MC@NLO, Pythia, Alpgen) 14.

These results, unlike the inclusive cross section results, are still limited by statistics and will
benefit from the additional Tevatron data.

3.2 Final States with τ

The lepton+jets analysis described so far are also sensitive to the W decaying into τ lepton, if
the τ decays into e or µ. Final states with a τ decaying into charged and neutral pions, which
is difficult to distinguish from a generic jet, are treated separately. The measurement of the
tt̄ cross section in the τ + jets channel is important as, for example, a charged Higgs would
preferably decay into a τ for large tanβ value, thus enhancing the tt̄ cross section in this final
state.

D0 has a dedicated analysis to measure tt̄ cross section in the τ+jets final state. Hadronically
decaying τs are distinguished from fake ones by means of NNs. Another NN is trained to separate
tt̄ from QCD and W+jets background and its output is fitted to measure σtt̄ × BR(τ + jets)
= 0.60+0.23

−0.22(stat)
+0.15
−0.14(syst) ± 0.04(lumi) pb. Using the theoretical cross section for mt = 170

GeV/c2, the measured BR is 0.074 +0.029
−0.027, in agreement with SM 15.

At CDF instead, two analysis measure the tt̄ cross section in the final state with 6ET and high
jet multiplicity: the idea is to focus on the 6ET from the neutrino associated to the W leptonic
decay, instead of the lepton, thus being sensitive to leptonic W decays regardless of the lepton
type. The first analysis selects events with more than four jets, of which at least one b-tagged.
A NN is used to separate the tt̄ signal from the background, mainly composed by QCD multijet
events (see fig. 4). The cross section value is extracted from the sample of events with high NN
output value. After the kinematic selection, about 40% of the sample is composed by τ+jets
events. The resulting cross section value is σtt̄ = 7.99 ± 0.55 (stat) ± 0.76 (syst) ± 0.46 (lumi)
pb for mt = 172.5 GeV/c2 16. The second analysis, performed on 5.7 fb −1 of data, requires
only 2 (3) jets, of which 1 (2) b-tagged, and extracts the tt̄ cross section value by means of a
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Figure 3: Inclusive δσ
δpT

for tt̄ production in

data compared with expectations from NLO,

approximate NNLO pQCD calculations and

several event generators.

Figure 4: Neural network output distribution of observed

and predicted number of b-tagged.

binned likelihood fit on the output of the NN trained to separate signal from background. The
resulting cross section, for mt = 172.5 GeV/c2, is σtt̄ = 7.12 +1.20

−1.12 pb 17. This measurement is
important as this final state is a background to SM Higgs searches in the low mass region.

4 The All-hadronic Channel

The all-hadronic channel has the highest branching ratio (∼ 44%), but suffers from the largest
background contribution due to QCD multijet events, which overwhelms the signal by three
orders of magnitude. The experimental signature of this channel is characterized by the presence
of six or more high ET jets, two of which originate from b-quarks.

The most precise measurement in this channel is from CDF, made on a data sample cor-
responding to 2.9 fb−1 of integrated luminosity. After the application of a specific topological
and kinematic NN based selection together with the b-tagging requirement, a constrained fit-
ting technique is used to simultaneously measure the top quark mass and the jet energy scale
reconstructing, event by event, the top and the W masses. The minimization returns also the
number of tt̄ events in the sample, from which the cross section is extracted. The result, σtt̄ =
7.2 ± 0.5 (stat) ± 1.0 (syst) ± 0.4 (lumi) pb, is independent from the value of the top mass and
has a relative precision of about 18% 18.

In the same channel, D0 separates tt̄ signal from background building a likelihood discrimi-
nant. The observables input to the likelihood describe kinematic features of the event, such as
the centrality C (scalar sum of jet pT divided by the sum of jet energies) or the ratio of the
dijet mass of the two leading b-tagged jets to the total mass of all the jets, and topological ones,
such has the eigenvalues of the momentum tensor or the pT -weighted average of the rapidities
of the two leading b-tagged jets. The number of signal events is extracted by means of a fit of
the likelihood output. For mt = 175 GeV/c2 and on 1 fb−1 of data, the measured cross section
is σtt̄ = 6.9 ± 1.3 (stat) ± 1.4 (syst) ± 0.4 (lumi), with a relative precision of 28% 19.

5 Conclusions

We have presented the most recent results of tt̄ cross section measurements performed at the
Tevatron. They are summarized in fig. 5 and 6 for CDF and D0 experiments respectively. tt̄



Figure 5: Summary of most recent CDF tt̄ cross

section measurements.

Figure 6: Summary of most recent D0 tt̄ cross sec-

tion measurements.

cross section has been measured in all possible decay channels, with precision comparable to
the theoretical one. These measurements, which are all in good agreement with SM predictions,
are important as tests of pQCD calculations and to precisely determine the background to new
physics searches. Thanks to the high statistic samples and the use of very efficient multivariate
analysis techniques, the precision of the results is currently limited by the systematic uncertain-
ties: both collaborations are working to understand them better and reduce them by means of
constraints to the data.
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