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The t-channel production cross section measurements in proton-proton collisions at the LHC with
the CMS detector are presented here. Collision data at centre-of-mass energies of both 7 and 8
TeV collected during the years 2011 and 2012 are used. Three analyses are performed to extract
the inclusive t-channel production cross section at 7 TeV: a robust analysis making use of data
driven techniques to extract the main backgrounds contributions and exploiting the characteristic
pseudorapidity distribution of the recoil jet in signal events, and two multivariate analysis which
take advantage of the full knowledge of the t-channel topology to increase the precision of the
measurement. The first of the three analyses is extended to 8 TeV, measuring the inclusive cross
section as well as the cross section for t-channel separate top and anti-top production. Constraints
on the Cabibbo-Kobayashi-Maskawa matrix element Vtb are extracted as well.
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1. Introduction

Single top quarks at the LHC can be produced through charged-current electroweak interac-
tions.These processes are well suited to test the predictions of the standard model of particle physics
and to search for new phenomena. Measurements of the single-top-quark production cross section
also provide an unbiased determination of the Cabibbo–Kobayashi–Maskawa matrix element Vtb.
Three types of production mechanisms are predicted by the standard model at the LHC: t-channel
and s-channel processes, and W-associated single-top-quark production (tW). The dominant con-
tribution to the cross section is expected to come from the t-channel process with a cross section of
σ th

t−ch. = 64.6+2.1
−0.7 (scale)+1.5

−1.7 (pdf) pb [1] at 7 TeV, and ofσ th
t-ch. = 87.2+2.8

−1.0 (scale)+2.0
−2.2 (pdf) pb [2] at

8 TeV. Fig. 1 shows the Feynman diagram of single-top t-channel production. We present here the

(a)

Figure 1: Leading order Feynman diagram for single-top production in the t-channel.

measurement of the t-channel cross sections with the CMS [3] experiment at 7 and 8 TeV.

2. Analyses for cross section measurements

The t-channel event signature (Fig. 1) typically comprises one forward jet scattered off a top
quark, and a spectator b-jet from gluon splitting. The decay products of the top quark mainly
appear in the central region of the detector. For the 7 TeV CMS measurement [4], a dedicated
event selection requiring one lepton, at least two jets, one of which b-tagged, is applied, and then
measurements with two complementary approaches are performed. The first approach exploits
the reconstructed top-quark mass and the pseudorapidity of the light jet recoiling against the top
quark. This analysis is referred to as the η j′ analysis, and is designed to be straightforward, robust
and have little model dependence. For this analysis a selection is performed requiring events with
exactly 2 jets, exactly one of which b-tagged, and then requiring the reconstructed top mass to
be inside a window around the nominal the top mass value [5]. A fit to the |η j′ | is performed on
the surviving events. The second approach exploits, via multivariate discriminators, the compati-
bility of the signal candidates with the event characteristics predicted by the SM for electroweak
top-quark production. This approach aims for a precise t-channel cross section measurement by
optimising the discrimination between signal and background. The systematic uncertainties are
constrained by simultaneously analysing phase space regions with substantial contributions from
the t-channel single top and the backgrounds. For this reason those analyses selct events with 2-4
jets and 1-2 b-jets. Two independent multivariate analyses are performed with this approach, so to
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constitute a cross-check for each other, one based on a Neural Network (NN) discriminant and the
other on Boosted Decision Trees (BDT) discriminant. To extract the signal a profile likelihood fit
to the respective discriminant is used, where each background yield and most of the systematic un-
certainties are treated as nuisance parameters. After verifying the consistency of the single results,
the final value of the cross section is determined by combining the three analyses using the Best
Linear Unbiased estimator (BLUE) [6]. The η j′ analysis is performed on the 8 TeV data as well [7],
slightly adapted to address the new conditions, introducing ad-hoc selection criteria to remove jets
coming from pileup events and deriving the tt̄ background from orthogonal control samples in data.

3. Results and conclusions

The measured cross section values for 7 and 8 TeV are:

σt-ch., 7 TeV = 67.2±3.7(stat.) ±4.6(syst.) ±1.5(lumi.) ( 7 TeV). (3.1)

σt-ch., 8 TeV = 80.1±5.7(stat.) ±11.0(syst.) ±4.0(lumi.) ( 8 TeV). (3.2)

Both those measurements are in good agreement with the standard model prediction. It is also pos-
sible to interpret this result in terms of Vtb: under the assumption that |Vtd|, |Vts|<< |Vtb|, it yields
|Vtb|=

√
σmeas./σtheory. Taking into consideration only the most precise of the two measurements

one finds:

|Vtb| = 1.026±0.046(meas.) ±0.017(th.) ( 7 TeV). (3.3)

Assuming |Vtb|< 1 one thus can retrieve a lower limit using the Feldman-Cousins [8] approach:

0.92 < |Vtb|< 1@95%confidence level ( 7 TeV). (3.4)

Finally, it is possible also to extract a ratio between 8 and 7 TeV cross sections, obtained taking only
the η j′ component of the 7 TeV analysis, getting as result R8/7 = 1.14±0.12(stat.) ±0.14(syst.).
The advantage is that part of the uncertainties is reduced or cancels out in the two measurements,
thus potentially unvealing other deviations from the standard model behavior. Fig. 2 shows the
measured cross sections as a function of the centre-of-mass energy. All measurements presented
show a good agreement with the standard model prediction.
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