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1. Introduction

One of the highlights of Run Il of the Tevatron was the cordintnprovement in measure-
ments of the properties of the top quark. Such measurementsfanterest because the top is
the most recently discovered of the quarks [1], and becdsdarge mass indicates that it is the
only fermion with a coupling strength af'(1) to the Higgs field. Among the properties mea-
sured by both the CDF and DO experiments are the helicitytitnas of theW bosons produced
in top quark decays. In the standard model (SM) these arectegé¢o befy = 0.688+ 0.004,

f_ =0.310+0.004 , andf, = 0.0017+ 0.0001 [2] wherefy, f_, andf, are the longitudinal, left-

handed, and right-handed fractions, respectively. Anyatien from these values would indicate
the presence of new physics. Since measurements of thofraeit the Tevatron are statistically
limited, the precision can be improved substantially by bommg the results from CDF and DO [3].

2. Input Measurements

The combination takes as input two measurements from CFsimgtt events in the lepton
plus jets channel [4] and the other using events in the ditephannel [5], and a measurement from
DO that uses both lepton plus jets and dilepton events [6ks&hmeasurements are summarized
in Table 1 and come in two forms: “two-dimensional” (2D) me@snents in which botHy and
f, are allowed to vary simultaneously, and “one-dimensioHD) measurements in which one of
these parameters is fixed to its SM value while the other iedalCDF and DO adopted different
procedures for treating the uncertainty in the top quarksmmasFor the purpose of the combination
CDF reinterpreted their results using DO’s procedure, sovdiues in Table 1 differ slightly from
those in [4] and [5]. The statistical uncertainty accountsaflarge fraction of the total uncertainty
in each measurement, which motivates the combination ofethglts to achieve the best possible
precision even with the presence of correlated systematertainties.

3. Systematic Uncertainties

The combination requires proper accounting of the sysienatcertainties and their corre-
lations. To facilitate this, the uncertainties are sepatahto categories such that there may be
correlations between the uncertainties within one categat not between different categories.
The simplest are uncertainties that are uncorrelated leetany two analyses (MTD), and the un-
certainties from limited MC statistics and from analysisstire tests fall into this category. Next are
uncertainties that are correlated between analyses vathiexperiment but uncorrelated between
experiments (DET). Uncertainties in jet reconstructidiicefhcy and energy resolution are in this
category, as are muon efficiency uncertainties specific tolP@rinciple uncertainties related to
the modeling of multiplepp interactions in a crossing (MHI) would fall into this categobut
this effect is treated as a systematic uncertainty only ifr8Milepton analysis, while in the other
analyses these effects are included in the nominal Mont® Gardel. The rest of the systematics
are treated as fully correlated between analyses and expeis. The first such uncertainty (JES)
arises from the jet energy calibration [7, 8], including erainties specific to the calibration bf
jets (while jet energy calibration includes components #na uncorrelated between experiments,
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it is assumed here that the theoretical uncertainties iorib@sg jets are dominant. The results
of the combination would change negligibly if a differensasption was made). The next is the
uncertainty on the measured top quark mass [9](MTOP). Skeéfects that impact the modeling
of tt events (SIG) are also considered, including uncertaipéeson distribution functions, gluon
radiations b quark fragmentation, and parton shower modeling. Ungditai in background mod-
eling (BGD), including uncertainties in the fraction of kgdlavor jets inW-jets production, are
considered as well.

Where correlations exists, they are assumed to be have rmbmiagnitude. The correlation
coefficient between any two correlated measurements ofemdielicity fraction is taken to be 1,
while the correlation coefficient between correlated measents of different helicity fraction is
taken to be-1, reflecting the large statistical anti-correlation beswé and f, .

4. Combination Procedure

The measurements are combined using the best linear udk#atiemator approach [10, 11].
This method takes into account all sources of uncertaintfobying the complete covariance
matrix for each measurement, obtained from the sum of thar@nce matrices corresponding to
each category of uncertainty.

Table 1: Summary of thaV boson helicity measurements used in the combination oftsestihe CDF
measurements have been shifted from their published védueslect a change in the assumed top quark
mass from 175 to 172.5 Ged#. The first uncertainty in brackets below is statistical ane $econd is
systematic.

CDF lepton+ jets, 2.7 fort [4]

féb fo = 0.903+0.123 [+ 0.106+0.063
f2b f, = —0.195+0.090 [+ 0.067+ 0.06(
fab fo = 0.67440.081 [+ 0.069+ 0.042
f1b f, = —0.04440.053[+ 0.019+0.050
CDF dilepton, 5.1 fb? [5]
fab fo =0.70240.186 [+ 0.175+ 0.062
f2b f, = —0.085+0.096 [+ 0.089+ 0.035
fond fo = 0.5564 0.106 [+ 0.088+ 0.060
f1D f, = —0.089+0.052 [+ 0.041+0.032

DO, lepton+ jets and
dilepton, 5.4 fb'! [6]

£2D fo = 0.669-£ 0.102[+ 0.078+0.065

£2D f, =0.02340.053 [+ 0.041+0.034

£2D fo = 0.708-£ 0.065 [+ 0.044+0.048
[

f1D f, = 0.01040.037 [+ 0.022+0.030
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Figure 1: Contours of constang? for the combination of the 2D helicity measurements. Thipsdis
indicate the 68% and 95% C.L. contours, the dot shows thefib@siue, and the star marks the expectation
from the SM. The input measurements to the combination gmeesented by the open circle, square, and
triangle, with error bars indicating thesduncertainties orfp and f . Each of the input measurements uses
a central value ofiy = 1725 GeVk2.

5. Results

The combination of the 2D fits givefg = 0.722+ 0.081/+ 0.062 (stat.}t 0.052 (syst.), f, =
—0.0334 0.046+ 0.034 (stat.}+ 0.031 (syst.), as shown in Fig. 1. The? of the combina-
tion is 8.86 for four degrees of freedom, meaning that the smesnents are consistent with
each other within two standard deviations (s.d.). The tatioce coefficient between the com-
bined values offy and f, is —0.86. The combination of 1D measurements wighfixed gives
f. = —0.0154 0.035+ 0.018 (stat.x- 0.030 (syst.), and the combination witH, fixed gives
fo = 0.68240.057[+ 0.035 (stat.}- 0.046 (syst.), as shown in Fig. 2.. Thg? for consistency
among the inpufp (f) measurement is 2.12 (4.44) for two degrees of freedom. dheibution
of each source of uncertainty to the combined result is shiawliable 2. The results of both the
2D and 1D combinations are consistent with the SM within ade s

6. Summary and Outlook

CDF and DO have combined their measurements ofVthboson helicity fractions in top
quark decays. The combinations shows that there is redgonabsistency between CDF and
D0’s measurements, and that the combined values are camsigth SM expectations. This is the
first combination of top quark results carried out by the CE 80 collaborations themselves.
The measurements reported here make use of about half oét#a¢rdn dataset; both the CDF and
DO experiments are preparing updated results using the=fud fo~! Run Il sample.
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Figure2: Summary of the individual 1D measurements and the combeesdtrfor f + 0 (upper plot) and
f, (lower plot). The dashed line is at the SM value for each foactwith the yellow band representing the
uncertainty on the SM value.

Table 2: The contribution from each category of systematic uncetyan the combined measurements.

Category 2D combination 1D combination
o fo ofy o fo ofy
JES 0.007 0.012 0.018 0.014
SIG 0.038 0.022 0.036 0.021
BGD 0.028 0.013 0.012 0.009
MTD 0.014 0.008 0.007 0.006
MTOP 0.007 0.010 0.012 0.010
DET 0.016 0.003 0.011 0.007
MHI 0.001 0.0004 0.002 0.002
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