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We report about next to leading order calculations for single top production at hadron
colliders. These calculations have been implemented into the general purpose next to
leading order Montecarlo program MCFM. They describe the production of single top
to all the three possible channels foreseen in the Standard Model and the leptonic decay
of the top quark with full spin correlation.

1 Introduction

In the Standard Model (SM) single top events may occurr only through weak interaction
so that the evidence for single top production at the Tevatron [2] makes new tests of the
SM possible. In particular we can test the Wtb weak vertex and in principle we could get
information on its prefactor, the CKM matrix element Vtb.
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Figure 1: Leading order graphs representing
the three possible mechanisms to produce sin-
gle top (bold).

Another strong motivation to calculate ac-
curate predictions for single top event rates
and distributions is the fact that such events
give a significant contribution as back-
ground to Higgs boson discovery both at
the Tevatron and the LHC. For a complete
review on the subject see ref. [3]. The
three ways to produce single top at the
hadron colliders are the s-channel, the t-
channel and the t-W associated production,
the last two being sensitive to the b-pdf,
nowadays still based on calculation rather
then on measurements. In Figure 1 the
leading order (LO) Feynman graphs for the
three machanisms are painted. Calculations
at LO are affected by large theoretical er-
rors. The first serious approximation in
QCD is obtained by including O(αS) radia-
tive corrections. Only at next to leading or-
der (NLO) we obtain accurate predictions
of event rates sensitive to the structure of
jets in the final state. Furthermore, only at
NLO we get important informations about
the choice of factorization and renormaliza-
tion scales. In Figure 2, we show the renormalization and factorization scale dependence
of LO and NLO total rates for Wt production normalized to the LO rate for a fixed scales
choice [4]. Previous NLO calculations [5] did not include the decays of the top quark (and the

∗The slides of this contribution can be found at the URL in ref. [1]
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process pp̄
√
s = 1.96TeV pp̄

√
s = 14TeV

s-channel 0.872 pb 10.4 pb
t-channel 1.92 pb 245 pb

t-W 0.143 pb 68.7 pb

Table 1: Next to leading order cross sections for each channel of single top quark production
at the Tevatron and LHC.

W boson in the case of the associated production). We added the leptonic decay of the top
quark with full spin correlation, and included the effects of gluon radiation in the decay. The
calculations were implemented in the next to leading order Montecarlo program MCFM [6]

2 Calculation

Figure 2: Factorization and renormaliza-
tion scale dependence for W-t associate
production cross section at leading or-
der (top) and next to leading order (bot-
tom). Solid curves represent the variation
of both scales.

The NLO predictions for the total cross sections
of the three single top channels are reported in
Table 1 both for the Tevatron and the LHC. In
refs. [7] and [4] the interested reader can find all
the details of the calculations as well as a discus-
sion of all the approximations. We work in the
on shell approximation for the top quark. This
is motivated by the fact that diagrams without
an on shell top quark are suppressed by Γt/mt.
Furthermore, we neglect the interference of ra-
diation emitted in the production and the decay
stages. This simplifing approximation is possible
due to the large difference in the time scale for
the production (1/mt) and the decay (1/Γt) of
the top quark. The error introduced by this ap-
proximation is expected to be O(αSΓt/mt) [8].
We also assume mb = 0 through all the calcula-
tions and inlcude no showering and hadroniza-
tion. The cancellation of the singularities be-
tween the real and virtual contributions is per-
formed with the subtraction method with mas-
sive quarks [9]. We extend this method by in-
troducing a tunable parameter that controls the
size of the subtractions. In this way we perform
quicker calculations because the subtractions are
evaluated only in the phase space region surrounding the singularities. Furthermore, the
independence on this parameter is a valuable check of the implementation. The inclusion of
the radiation in the decay of the top quark has been done through the implementation of
a specific subraction counterterm mapping the singularities of the real matrix element [7].
This procedure can be useful to study the tt̄ associated production with the decay of the top
quarks. The comparison of this calculation with the forthcoming measurements for tt̄ asso-
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Figure 3: Main background processes for single top search at the Tevatron and their rate
with the cuts contained in Table 2.

ciated production at Tevatron could improve the estimation of the top mass in the standard
model.

3 Results

In ref. [7] we performed a signal and background analysis of the single top events at
Tevatron, where only s and t channels can lead to an evidence for single top. Many
background processes can be calculated at NLO within MCFM. With the cuts given in
Table 2 we consider the contribution of the background events represented in Figure 3.

Figure 4: The Ht distributions of signal,
background and signal plus background
for s- and t-channel single top production
at the Tevatron.

Their estimated rates are also reported in the
figure, together with the specification if they are
evaluated at NLO. Furthermore, in Figure 4 we
plot the distribution of the Ht variable, the sum
of the lepton pT , missing transverse energy and
jet transverse momenta for the signal and the
sum of the backgrounds. At the LHC the rate
for the Wt channel is larger than the s-channel.
It represents a large sourse of background for
the Higgs boson searches through the discovery
channel H →WW ∗. In Figure 5 we plot the dis-
tribution of the opening angle in the transverse
plane beetwen the two charged leptons from the
two W ’s both for signal and top backgrounds [4].
For the Wt channel the NLO corrections intro-
duce important modifications to the simple LO
prediction.
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peT > 20 GeV , |ηe| < 1.1, 6 ET > 20 GeV ,

pjetT > 15 GeV , |ηjet| < 2.8, ∆R > 1,

Table 2: Set of cuts used to study single top events at the Tevatron [7].

Figure 5: The opening angle between the leptons in the H → WW and tt̄ associated
production (left panel) and for the W-t associated production (right panel). Cross sections
are normalized to unity, after suitable search cuts have been applied for an Higgs boson with
mass 155 GeV .
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