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The top quark is special among the quarks due to its ex-
tremely high mass of about 172 GeV, its tiny lifetime evad-
ing hadronisation and its property to allow indirect con-
straints on the Higgs mass.

Top pair production with a semileptonic decay tt̄ →

W±W∓ bb̄ → qq̄ bb̄ lν is the ”golden channel” for mass
measurements, having a large branching fraction and low
backgrounds compared to other channels. Top mass mea-
surements based on this decay, performed with the Matrix
Element (ME) Method have always been among the single
best measurements in the world. In 2007, the uncertainty
on the top mass world average reached the 1% level and
it is no longer limited by statistical but by systematic un-
certainties. Hence, more and more sophisticated improve-
ments of the existing methods are needed to decrease the
uncertainty further.

The approach shown here addresses the major source of
systematic uncertainty at high integrated luminosities, the
unknown jet energy scale (JES) for b-jets. So far, only a
general JES is derived at D0 and effects of differences in
b and light quark jets, e.g. particle composition, are not
considered. As each tt̄ event contains two b-quarks this
is a large source of uncertainty. Therefore, this analysis
employs a method, similar to the one that was applied to
reduce the general JES error. In addition to a variation
of the assumed top mass, the ME probability calculation
includes assumptions on JES and b-JES scale factors (sjes,
sbjes). A three-dimensional likelihood fit is performed to
extract the most likely values of all three observables at
once. In this method, sjes is constrained by the W mass
given in the matrix element. If the momenta of the two
light quark jets of the W decay are wrongly estimated, the
W mass will be mismeasured as well. Thus, sjes can be de-
rived as the average scale factor that needs to be applied to
the jets to obtain the ”correct” W mass. The other factor,
sbjes, is constrained by the transverse momentum balance
of the top pair. As tt̄ pairs are dominantly produced at rest
in pt and without hard gluon radiation at Tevatron ener-

gies, the top quarks’ momenta need to be back-to-back in
the transverse plane. A mismeasured b-JES breaks this
balance. Hence, sbjes can be obtained as the average scale
factor needed to restore the balance of the reconstructed
top quarks.

To test and calibrate the method, pseudoexperiments
are performed. A pool of about 103 Monte-Carlo events
is produced both for signal (tt̄) and background (W+jets)
processes. Other sources of background like QCD multijet
production are not included explicitly as they have simi-
lar kinematic properties as W+jets. A pseudoexperiment
utilizes an amount of events comparable to the one ob-
served in data. In our case, we use about 102 events both
in the e+jets and µ+jets channel. Events containing τ

decays are not considered due to their difficult identifica-
tion in the detector. The simulated events are analyzed in
exactly the same way as data: signal and background like-
lihoods are calculated and top mass, JES and b-JES scale
factors are determined. The measurement is repeated for
1000 pseudoexperiments to obtain mean values of the fit
observables, the expected statistical uncertainties and the
pull. The latter is defined as the difference between recon-
structed and generated top mass (or one of the other input
values) divided by the statistical uncertainty of the fit.

To obtain a calibration that can be used for data, the
whole procedure is applied to pseudoexperiments with dif-
ferent input values of top mass, s(b)jes and background
fraction to study their influence on the measurement. In
Fig. 1 the calibration for the top mass is shown with only
signal events included. Five different input top masses in
the range 160-180 GeV are studied. The events are gen-
erated at parton level and smeared according to detector
transfer functions [1]. The ratios of reconstructed to gen-
erated top mass, sjes and sbjes agree very well with unity
for all top mass calibration points, thus, confirming the
method. Calibration curves with different sjes and sbjes

inputs and varying background fractions were studied as
well, all of them revealing a flat ratio of one.
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Fig. 1: Calibration of three-dimensional fit versus generated top mass. Left: Ratio of reconstructed and generated top mass, Middle: Ratio
of reconstructed and generated JES scale factor, Right: Ratio of reconstructed and generated b-JES scale factor.


