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We present three recent analyses (Abstracts 169, 170 anafifie mass of the top quarki()
using top-antitop candidate events collected by the DOrixgait at the Fermilab Tevatron Col-
lider: (i) a 3.6 events/fb sample of data in the lepton+jé@mnel analyzed to extract a precision
value ofM; using the "Matrix-Element" (ME) method, wherein each evanotbability is calcu-
lated from the differential production cross section asrefion of M; and the overall jet energy
scale, with the latter constrained by the two jets fddhdecay intog'q, (ii) a first measurement
of the mass difference between top and antitop quarks asck dfi€PT invariance in the quark
sector, also based on the ME method in lepton+jets chararadscorresponding to a 1 event/fb
data sample, and (iii) measurement®%fin dilepton final states (updated to 3.6 events/fb), based
on "matrix" weighting, "neutrino" weighting and the ME meth which rely, respectively, on the
likelihood of observing the events in data for a range of am=iliV; values, distributions gener-
ated from event weights that compare calculated and rewmbstl missing transverse energies,
and event probabilities based on the leading-order diffigakcross section as a function of as-
sumedVk. In addition, we provide a combination of recent top-masasneements from DO.
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We report three analyses of the mass of the top qudiksing top-antitop candidate events
collected by the DO experiment at the Tevatron Collider. T quarks decay to+*b (W*B),
with bothb quarks evolving into jets, and/ decaying to/v, or g'q: (i) a 3.6 events/fb data sample
in lepton+jets channels (with oW — /v, and the otheW — ¢/q), analyzed to extract a precision
value ofM; using the "matrix-element" method (ME), wherein each epeabability is calculated
from the differential production cross section for sigrigll énd backgroundw/+jets), as a function
of M; and an overall jet energy scale (JES), with the latter caimsd by the two jets from W
— g/ q decays from one of the top quarks; (ii) a measurement of thes mifference between top
and antitop quarksy), as a first direct check of CPT invariance in the quark sectilizing the
ME method in lepton+jets channels, but for a smaller 1 effemtata sample (from "Run 2a");
and (iii) measurements &f;; in dilepton final states (botW decaying to/v,, with the qu sample
updated to 3.6 events/fb), based on analyses using "matsighting, "neutrino” weighting and
the ME method, relying, respectively, on: (1) a likelihoaa bserving events in data for a range
of assumedV; values, (2) distributions generated from event weights ¢benpare the calculated
and reconstructed missing transverse energies, and (3) gababilities for the g channel based
on the leading-order (LO) differential cross section asracfion of assumed;, with Z(r1)+jets
serving as background for the ME analysis.

Selections for lepton+jets events, where leptQrréfers to either electron (e) or muon)(are
by now relatively standard, and optimized to minimize baokigd (from multijets andV+jets),
without adversely affecting signal efficiency: (i) backgnols and kinematics set the requirements
for the energy scale typically at > 20 GeV for jets and isaldéptons, as well as for the imbalance
in transverse momentum (MET), with the latter expected ftioepresence of undetected neutrinos,
(ii) acceptedi+jets events must have only four jets (exclusively), of vahét least one must be a
b-tagged jet, and (iii) a neural-network-based discrimirthat provides a probability for tagging
any observed jet astajet is used to sharpen the analysis.

Selection of dilepton+jets events is also straightforwhtd since dilepton channels are cleaner
than ¢+jets, there is more flexibility in playing off rejection oabkground against acceptance of
signal. Thus, we require: (i) either two good leptons or ooedjlepton and an isolated track (but
only if there is ab-tagged jet) and at least two jets (not necessédritsggged), (ii) the two leptons
(or lepton and isolated track) must have opposite electrazge, (iii) the lepton energy scale is set
lower for all dileptons (> 15 GeV) than iftjets, and (iv) additional criteria on MET ard, to
minimize background frord+jets for ee angt events, and a large value for the sum of transverse
energies for the jets and the leadiffpr eu events.

All analyses rely on calibrations of response based on $simalated signal and background
events. Such events are generated for fixed values of inpatneders (e.g., mass values, assumed
helicities, etc.) and processed through the same DO recatish and analysis packages as applied
to data. Specifically, ensembles of sets of Monte Carlo (M@nts from signal and background
contributions, each set corresponding to a "pseudo-axpeati” are studied to calibrate (and to
correct) the extracted values of parameters and their taicges.

The MC events are usually generated using leading-orde) AI®GEN or PYTHIA pro-
grams, with PYTHIA also used to evolve partons to jets. Thayesis is carried out on MC events
using the same procedure applied to data in order to chedbidses in the extracted parameters
and their uncertainties. The parameters and their unnégsiextracted from data are then cor-
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rected for any biases. The uncertainties on such paranstirrected using the observed "pull
widths" in the MC relative to expectations of purely Gausdiahavior.

In the ME approach, transfer functions, calculated throfighto separate samples of MC
events, are used to correlate energies of reconstructedviit those of their progenitor partons.
Since LO matrix elements are used in the ME analyses, exelyst jets are required ifit+jets,
and 2 jets in dilepton+jets events, to minimize the impadttigher-order QCD corrections on these
analyses. The ME for signal is based onlyagan— tt, and ME for background uses LO VECBOS
(for W+jets andZ+jets). (Additional information on these analyses can hmébin Ref. [1], and
in the plenary summary of C. Schwanenberger, and, for Attstrz0, in the Poster section of these
Proceedings.)

In the ME analysis, event probability densities for diffsrealues of the mass for top and
antitop quarks, for signal fractioh, with A(x) signifying the acceptance, can be written as:

Pat (% Mt, Mg ) = A(X)[fPsg (% M, Mp) 4 (1 — )Pog(X)]

This is identical to what is used for the assumption of equalf masses, except that the two
parametersNop, JES) in that standard analysis are replaced here WitiMt). The signal proba-
bility densities are calculated from the differential @@ection fottt production and decay, using
a modified version of PYTHIA that provides different values KandM;:

do(x; M, Mp) 1

Pagc M, M) = 2 S = i [ do()dandae f(an)f (o) w(y.x)

wherex represents observed jet variables (angles, energiesagntty)their nascent partonic values,
andW(y, x) is a transfer function, based on Monte Carlo that relatesvibe with the differential
cross section given by:

4o (2mIMP

4\/Qu - 02 — MMy
whereM is the LO matrix element for any process, with that for baokigd not dependent on
M (e.g., from VECBOS). After integrating over phase space,ptoduct ofn event probabilities
defines a likelihood function in terms of the observablestaadarameters of interest:

n
L(X1... Xn; Miop) = I_l Paut (Xi; Mtop)
i=

L maximized overf provides an estimate of the most likely values of any remgiparameters as
well as their uncertainties.

Figure 1(a) displays the calibrated result of the precismass analysis if+jets as a function
of Miop and JES, with the JES prior constrained by the ma¥g iofW — g'qand the accepted value
of Mw. Figure 1(b) shows the projection b{Mop, JES) onto thévkop axis. Uncertainties have
already been corrected for small departures of pull widtbshfunity, and agree with expectations
from ensemble studies. The precision of this measuremdmhiigd mainly by theoretical and
experimental systematic uncertainties.

Figure 2 shows the results of the mass analysis performegtitaceA as a function of the
two masses, based on the JES derived from a previous eatraitthe mass that assumed same
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Figure 1: L(Mop, JES) for the precision mass analysis and its projectiomeMi,, axis (see text).
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Figure 2: L(M;, M;) andA as a function of the two masses for e+jets argets.

values of antitop and top mass. The small correlation in the fiata is not significant, and results
from e+jets andu+jets agree. The 2-dimensional likelihood fit is integratdoing the diagonal
axes. One yielda (shown in Fig. 2), and the other the mean%()Mt + Mp). The latter agrees with
the single mass extracted in a previous study, Aiglconsistent with no mass difference between
antitop and top quarks.

Figure 3 shows the application of the ME method to Run 2a)@ftl Run 2b (right) for theye
channel (before calibration). The combined analysis oflidédipton channels now yields a highly
precise value of 174:#3.8 GeV, with comparable contributions from systematic atatistical
uncertainties. Figure 4(a) provides the result of extracthe mass of the top quark from the
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Figure 3: Application of the ME method to Run 2a (left) and Run 2b (rjgidta for the g channel (prior
to calibration).
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Figure 4. The pole mass of the top quark obtained from a comparisoneobbserved cross section for
tt production with NNLL corrections to NNLO QCD of Moch et al fig A recent summary of the mass
measurements from DO is given on the right.

observed cross section ftir production, and indicates that the pole mass from that casgpa
agrees with the value obtained using LO generators &% uncertainty. Finally, we provide a
recent summary of the mass measurements in Fig. 4(b), whioh with the value ofA = 3.8+ 3.7
GeV comprise the latest such results from DO.
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