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We measure the ratio R = B(t — Wb)/B(t — Wq) in top-quark decays at CDF. R is
determined from the relative rates of identified b jets in #f decays reconstructed both
in the lepton-plus-jets and dilepton final states. We obtain R > 0.62 at the 95% CL,
consistent with Standard Model expectations.
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1. Introduction

The ratio of branching fractions R = B(t — Wb)/B(t — Wq), where ¢ is any quark,
can be expressed as a ratio of Cabibbo-Kobayashi-Maskawa (CKM) matrix elements
R = |V2|/(IV3] + V2| + [VA])- If the CKM matrix is unitary and one assumes only
three generations of quarks, the current best estimate of |V;;| > 0.999 ! leads to
R > 0.998 at 90% confidence level. A measurement of R significantly different from
unity would imply a failure of the Standard Model, implicit in the assumptions
above.

We describe a measurement of R in 161 pb~—! of data collected by the CDF
detector? at the Fermilab Tevatron pp collider. The relative rates of tf events with
zero, one and two identified b quarks can be used to overconstraint the product Re.
Here ¢; is the efficiency to identify, or “tag”, the jet produced in the b quark decay,
which can be estimated from tf simulation and calibrated with independent control
sample. In order to predict the number of events Nexp,; with s = 0, 1 or 2 tagged jets,
one must know the backgrounds Np,,; in each tagged bin as well as the efficiency to
tag events with ¢ b-jets as a function of Rep. Using a likelihood technique, we extract
the value of Re; that maximizes the probability to observe Nops,; events given the
predictions. This method is independent of the top production cross-section.

2. Data Sample and Event Selection

For this analysis we use the same tf candidate events used to measure the top
cross-section in the dilepton (LL) channel ® and in the lepton-plus-jets 4. For our
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purposes, the latter is further divided into events with exactly three jets (L3J) or at
least four jets (L4J). Jets are tagged as coming from b quarks using the SECVTX
algorithm 5, which searches for tracks in jets with large impact parameter and tries
to constraint them to a common vertex displaced from the event primary vertex.
The SECVTX efficiency is measured to be €, = 0.44 & 0.03; the rate at which this
algorithm falsely tags, or “mistag”, generic jets is & 0.5 %. Table 1 shows the events
counts separate for the different number of tagged jet and for the different categories
considered in this analysis.

Table 1. Event counts and background estimates in each tagged jet bins for the dif-
ferent samples used to measure R in this analysis.

Nobs,i kag,i
Sample LL L3J L4J LL L3J(DE) L4J(DE) LAJ(NN)
0-tag 5 358 79 2.040.6 - . 62.4%83
1-tag 4 26 23 0.240.2 16.0+£2.4 42407 5.8+5-8
2-tag 2 3 5 0 0.84+0.2 0.240.1 0.1+53

2.1. Backgrounds

The backgrounds are evaluated using different techniques for the LL and L3J/LJ4
samples. For the LJ4 sample alone, two independent estimate of the background
are available.

For the LL sample, we have an estimate of the total background before tagging,
as the dilepton top cross-section selection does not require the presence of SECVTX
tags. This background is dominated by Z and diboson events produced in association
with jets, and events with a W-plus-jets in which a jet fakes the second lepton. We
assume that the tagged background from these events can be evaluated using the
SECVTX generic jet “mistag” rate. This leads to the background estimates shown
in Table 1.

For the top lepton-plus-jets sample, the presence of a SECVTX tagged jets is
imposed as part of the selection to improve the signal to background ratio. The resid-
ual background is dominated by W production in association with heavy-flavor jets
(Wbb,W e, W), W production with light-flavor jets for which one jet is a mistag and
non-W events containing a fake lepton. A direct estimate (DE) of the background
in the L3J/LJ4 1-tag and 2-tag subsample, which uses a combination of data-driven
and simulation based-techniques, gives the background estimates shown in Table 1.

For the L4J sample we also use a kinematic based neural net (NN) analysis to
extract the fractions of top signal and background in the different tagged bins. The
single outptut NN is trained on nine kinematic variables indepedent of SECTVX
tagging. The background estimates coming from this method are also shown in
Table 1.
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2.2. FEvent Tagging Efficiencies

We consider various sources of tagged jets. If R < 1, b quarks from ¢ — Wb and
light (i.e. non-b) quarks from ¢ — Wq; contribute to the total efficiency to tag a jet
with terms like Re, and (1 — R)e;, respectively. We also consider other sources of
tagged jets; from hadronic decays of the W, with efficiency ey ; and from “other”
jets in the event, with efficiency e,.

All of these tagging efficiencies apply to jets that are taggable, i.e. inside the
SECVTX fiducial acceptance. The final event tagging efficiencies for each tagged
jet bin, €;, are parameterized in terms of R(e, —¢€;) = RAe, ew, €, and Fyw,, where
Fyw o are the fractions of evens with taggable jets from different sources. All of these
parameterd are extracted from ¢t simulation. In particular, jet tagging efficiencies
other than €, are typically about 1% .

2.3. Likelithood Function

The likelihood function is the product of three terms (for the LL, L3J and L4J
samples), each of the form £ = II;P(Nobs,i, Nexp,i), Where P are Poisson probability
to observe Nobs,; events with ¢ tags given the expected number of events Nexp ;.
Using the background estimates of Table 1 and the event tagging efficiencies ¢;
described above, we extract the value of RAe that is most consisten with the data.

Systematic uncertainties in the measurement are folded into the likelihood by
multiplying the Poisson functions by a set of Gaussian functions that constrain
various parameters to their expected values with some uncertainty.

3. Results

Figure 1 shows the likelihood distribution that results from using the best back-
ground rates available for each tagged bin, that is the DE estimated for the 1-tag
and 2-tag L3J/L4J subsamples and the NN estimate for the O0-tag L4J subsample.
From the position of its peak, we estimate RAe = 0.4910-9%, or R = 1.1170%. The
L3J and L4J samples alone yield R = 1.04732}, and the LL sample alone gives
R = 1.40%03%. The measured value is thus independent of the decay modes of the
W in the tf events. Focusing in on the lepton-plus-jets samples, if we only use the
1-tag and 2-tag samples and the DE backgrounds, we find RAe = 0.94 + 0.32. If
instead we use the NN backgrounds throughout, we find R = 1.061057 ... +0.164ys.
These values are less precise than, but consistent, with what we obtain when we
combine the two methods.

To set a limit on R, we turn to the Feldman-Cousins procedure ®. For each
input value of Riyye, we determine the 95% confidence bands given different R,y by
changing various input quantities to the analysis (i.e. backgrounds and efficiencies)
within their appropriate systematic uncertainties. Given R = 1.11702! we find
R > 0.62 at the 95% confidence level. Using results from the NN analysis only, we
obtain R > 0.57 at the 95% confidence level. This limit is stronger than that from
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Fig. 1. Combined likelihood for all three data samples as a function of RAe.

the previous measurement using CDF data from Run I at the Tevatron, R > 0.56 7.
While not sufficiently precise to test the standard-model predictions for R in any
stringent way, we have still placed the strongest constraints on R to date.
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