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We present recent measurements from CDF of spin correlations, of the top decay relative
branching ratio BR(t→Wb)/ΣqBR(t→Wq) and the derived indirect constraint on the
|Vtb| CKM matrix element, of the single top production cross section and the derived
direct constraint on |Vtb|, and of the forward-backward asymmetry in top pair production.

1 Measurements

In the standard model (SM) top quark pairs are produced in a definite spin state depending on
the production mechanism: in a spin 1 state via quark pair annihilation (∼85% at the Tevatron)
or in a spin 0 state via gluon fusion (∼15% at the Tevatron). Since the top quark decays before
hadronization, the spin information is passed to the decay products and thus the spin correlation
of the top quark pair can be measured from decay product angular distributions. The (frame
dependent) correlation strength, in a frame with spin quantization axis in the direction of
the colliding beams, is predicted by the SM to be κSM

beam = 0.78+0.03
−0.04 [1] and is measured at

CDF to be κllbeam = 0.04 ± 0.56 [2] in the dilepton channel and κljbeam = 0.72 ± 0.69 [3] in
the lepton+jets channel. The measurements are done by fitting Monte Carlo (MC) angular
distribution templates to data corresponding to 5.1 fb−1 and 5.3 fb−1 of integrated luminosity,
respectively.

In the SM the top quark decays into a W boson and a b quark almost 100% of the time.
Therefore, two b quarks are expected in each top pair event. The finite b-tagging efficiency
determines the size of top pair event samples with 0, 1, or 2 tagged jets. The ratio R =
BR(t→Wb)/ΣqBR(t→Wq), where q = d, s, or b, is measured at CDF from the size of each
subsample via a 2D likelihood fit to data corresponding to the full integrated luminosity of 8.7
fb−1, simultaneosuly with the top pair production cross section σ(pp̄→ tt̄). The results are R
= 0.94±0.09 and σ(pp̄ → tt̄) = 7.5±1.0 pb [4]. Then R is used to constrain the CKM matrix
element |Vtb| to be 0.97±0.05 or |Vtb|>0.89 at 95% confidence level (CL), assuming a unitary
3×3 CKM matrix [4].

Single top quarks are produced via electroweak (EW) interaction mechanisms, by the ex-
change of a W boson in the s or t channel. Single top production in association with a W
boson is very suppressed at the Tevatron but is included for consistency in the signal model.
The measurement of the single top production cross section is an important test of the SM
as it is sensitive to new physics, such as flavor-changing neutral currents, heavy weak bosons
W′ and CP violation, and also provides a direct measurement of |Vtb|. It is experimentally
challenging because it requires the extraction of a small signal out of a large background with
large uncertainty. The measurement is based on the use of neural network to discriminate
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Figure 1: Left: 1-, 2- and 3-σ contour plots of the 2D single top cross section fit to the data,
compared with the SM prediction. Right: 1- and 2-σ exclusion of |Vtb|2 values.

the signal from the background assuming a top quark mass of 172.5 GeV/c2 and using data
corresponding to 7.5 fb−1 of integrated luminosity. Figure 1 shows the 2D fit result of the
s- and t-channel production cross section, compared with the SM prediction [5], and the 68%
and 95% CL limits on |Vtb| derived from the 1D fit of the combined s+t-channel cross sec-
tion [6]. The results are σs = 1.81+0.63

−0.58 pb, σt = 1.49+0.47
−0.42 pb, σs+t = 3.04+0.57

−0.53 pb and
|Vtb| = 0.92+0.10

−0.08(stat.+syst.)±0.05(theory).

Measurement Parton Level AFB (%)

CDF Lepton+Jets[9] 15.8±7.4
CDF Dilepton[10] 42±16
CDF Dilepton[11] 20.1±6.7
D0 Lepton+Jets[12] 19.6±6.5

Table 1: Tevatron AFB measurements using data corre-
sponding to ∼5 fb−1 of integrated luminosity.

In the SM top pairs are pro-
duced isotropically in leading order
(LO). Next-to-leading order (NLO)
quantum chromodynamics (QCD)
predicts a small forward-backward
asymmetry AFB in the rapidity dif-
ference ∆y = yt − yt̄ distribution.
A calculation using the NLO QCD
program powheg [7], corrected for
EW terms at NLO [8], gives an in-
clusive asymmetry of 6.6%. The
forward-backward asymmetry has been measured at the Tevatron using about half the data
set, with the results summarized in Table 1. The results show an unexpectedly large asymme-
try.

To investigate further this property of top pair production, particularly the dependencies
on sensitive kinematic variables, CDF measured the asymmetry using the full data set corre-
sponding to 8.7 fb−1 of integrated luminosity [13].The inclusive result is shown in Figure 2. The
kinematic dependencies of the asymmetry are shown in Figure 3. Parton level shape corrections
use a regularized unfolding algorithm to avoid instabilities arising from the statistical fluctu-
ations. The dependencies are well approximated by a linear model. Both the magnitude of
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Figure 2: The tt̄ production cross sectionin the lepton+jets channel, differential in the t− t̄
rapidity difference, measured with the full CDF data set and compared with a NLO QCD+EW
calculation.

inclusive result and the slopes of the differential asymmetries are stronger than the predictions
of the NLO QCD+EW calculations at the level of 2.0σ - 2.5σ.

Several possibilities are examined to explain the discrepancy between the predicted and
observed asymmetry. One possibility is a mismodeling within the SM such as mismodeled top
pair transverse momentum spectrum or missing higher order corrections. Another possibility
is new physics: many models have been proposed to interpret the measured asymmetry such as
axigluon or heavy boson (Z′, W′) exhange models. Measurements of other top quark properties,
such as differential cross sections and spin observables, can help differentiate between the various
possibilities and are currently pursued at CDF.

2 Summary

We reported high precision measurements of spin correlations, branching ratio, single top pro-
duction cross section and forward-backward asymmetry in top pair production from CDF.
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Figure 3: The forward-backward asymmetry, differential in the t− t̄ rapidity difference (left)
and in the tt̄ invariant mass (right), measured with the full CDF data set and compared with
NLO QCD+EW calculations.

Constraints on the |Vtb| CKM matrix element are also imposed by the single top and branch-
ing ratio measurements. In general, good agreement with the standard model is observed.
Exception is the asymmetry which appears stronger in magnitude and with stronger kinematic
dependencies than the NLO QCD+EW predictions at the level of 2σ.

References
[1] W. Bernreuther et al. Nucl. Phys. B 690 (2004) 81.

[2] CDF Conference Note 10719.

[3] CDF Conference Note 10211.

[4] CDF Conference Note 10887.

[5] N. Kidonakis arXiv:0909.0037v1.

[6] CDF Conference Note 10793.

[7] S. Frixione et al. J. High Energy Phys. 0709 (2007) 126.

[8] W. Hollik and D. Pagani Phys. Rev. D84 (2011) 093003; J. Kühn and G. Rodrigo J. High Energy Phys.
1201 (2012) 063; A. Manohar and M. Trott arXiv:1201.3926[hep-ph].

[9] T. Aaltonen et al. (CDF Collaboration) Phys. Rev. D83 (2011) 112003.

[10] CDF Conference Note 10436.

[11] CDF Conference Note 10584.

[12] V. M. Abazov et al. (D0 Collaboration) Phys. Rev. D84 (2011) 112055.

[13] CDF Conference Note 10807.

4 DIS 2012


	Measurements
	Summary



