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Measurement of the Top Quark Mass in the Dilepton Channel with the
Matrix Element Method at the D@ Experiment

A. Grohsjean, F. Fiedler, O. Biebel, P. Calfayan, P. Haefner, T. Nunnemann, M.P. Sanders,
D. Schaile, R. Strohmer, and B. Tiller

The top quark, discovered in 1995 by the CDF and DO ex-
periments at the Fermilab Tevatron Collider, is the heavi-
est of all known fundamental particles. The precise knowl-
edge of its mass yields important constraints on the mass
of the yet-unobserved Higgs boson and allows to probe for
physics beyond the Standard Model.

The following summarizes the first measurement of the
top quark mass in the dilepton channel with the Matrix
Element method at the D@ experiment.

The Matrix Element method is based on the likelihood
Levt (m) to observe a given event under the assumption
that the quantity to be measured has a specific value m
[1]. Assuming one signal and one background process, the
event likelihood can be written as

Levt(x;mtop) = ftop . Lsgn(x;mtop) + (1 - ftop) : Lbkg(x()i
1
where fiop, denotes the signal fraction in the sample, and
Lggn (Lipkg ) the signal (background) likelihood. In the
dilepton channel, Z + jets events are the dominant source
of background. Only small contributions from diboson
production and events where a hadronic jet is misrecon-
structed as a lepton remain after the signal selection. Thus,
these processes are not included in the background likeli-
hood Lpke . In order to extract the top quark mass from
a set of n events with measurements x1,..,x,, an overall
likelihood function is built from the event likelihoods and
evaluated for different hypotheses of my, . The top quark
mass is then determined by minimizing the negative loga-
rithm of the likelihood function for the event sample

_lnL(xla'-axn§mtop) = _Zln(Levt(xi;mtop)) (2)
i=1

w.r.t. Meop -

Since this is the first time the Matrix Element method is
applied in the dilepton channel at the DO experiment, an
extended set of partonlevel tests was carried out [2].

For the final measurement, two different calibration curves
are derived using fully simulated Monte Carlo events. This
is necessary as the resolution of the D@ detector changed
significantly with the upgrade in spring of 2006. As an ex-
ample, the measured top quark mass as a function of the
generated top quark mass for the pre-upgrade Monte Carlo
samples is shown in the left plot of Figure 1. The offset
is negligibly small; The slope is about 90% as the event
likelihood does not account for diboson events. The corre-
sponding pull width, i.e. the deviation of the measured top
mass from the nominal value in units of the statistical un-
certainty, is shown in the right figure. Due to an improved
handling of events with more than two jets, the pull width
is only 1.15 [3].

While only events with exactly one electron and one
muon are taken into account so far, the measurement
makes use of the full Run IT data set recorded between
April 2002 and May 2008. To reduce the fraction of back-

ground events and achieve a good agreement between simu-
lated and measured events, a kinematic selection is applied,
leaving 107 data events.

The left (right) plot in Figure 2 shows the measured top
quark mass for the data events recorded before (after) the
detector upgrade.
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Fig. 1: Left: Measured top quark mass with respect to the generated
mass for pre-upgrade electron+muon Monte Carlo events. Right:
Corresponding pull width distribution.
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Fig. 2: Application of the matrix element method to the 2.8fb—1 DQ®
Run II dataset. The plot shows the uncalibrated results for the pre-
and post-upgrade data samples.

Taking the calibration curves into account the top quark
mass is measured to be

mgot? = 172.9 & 3.6 (stat.) = 2.3 (syst.) GeV  (3)

in the combined Run II electron+muon data sample. With
a statistical uncertainty of 3.6 GeV, this measurement has
the smallest statistical uncertainty of all top mass mea-
surements performed in the dilepton channel at DO exper-
iment. The dominant sources of systematic uncertainties
are jet uncertainties, such as their energy scale and reso-
lution.

A detailed description of the analysis can be found in
Ref. [4].
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