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electron and recoil system in the generated events. The
fastmc parameters are determined using a combination
of detailed simulation and control data samples. The pri-
mary control sample used for both the electromagnetic
and hadronic response tuning is Z → ee events. Events
recorded in random beam crossings are overlaid on W
and Z events in the detailed simulation to quantify the
effect of additional collisions in the same or nearby bunch
crossings.
The Z boson mass and width are known with high

precision from measurements at LEP [23]. These val-
ues are used to calibrate the electromagnetic calorimeter
response assuming a form Emeas = αEtrue+ β with con-
stants α and β determined from fits to the dielectron
mass spectrum and the energy and angular distributions
of the two electrons. The MW measurement presented
here is effectively a measurement of the ratio of W and
Z boson masses.
The hadronic energy in the event contains the hadronic

system recoiling from the W boson, the effects of low en-
ergy products from spectator parton collisions and other
beam collisions, FSR, and energy from the recoil par-
ticles that enter the electron selection window. The
hadronic response (resolution) is calibrated using the
mean (width) of the ηimb distribution in Z → ee events
in bins of peeT . Here, ηimb is defined as the projections
of the the sum of dielectron transverse momentum ($p ee

T )
and $uT vectors on the axis bisecting the dielectron direc-
tions in the transverse plane [24].
The combination of event generator and fastmc is

used to predict the shapes of mT , peT , and /ET for a given
MW hypothesis. MW is determined separately for each
of the three observables by maximizing a binned likeli-
hood between the data distribution and the predicted
distribution normalized to the data. The fit ranges are
optimized as indicated in Table I.
A test of the analysis procedure is performed using

W → eν events, generated by the pythia [25] event
generator and processed through a detailed geant MC
simulation [26], which are treated as collider data. The
fastmc is separately tuned to give agreement with the
geant events in the same way as for the data compari-
son. Each of the MW fit results using the mT , peT , and
/ET distributions agree with the input MW value within
the 6 MeV total uncertainty of the test arising from MC
statistics.
During the fastmc tuning performed to describe the

collider data, the MW values returned from fits had an
unknown constant offset added. The same offset was
used for mT , peT and /ET . This allowed the full tuning
on the W and Z boson events and internal consistency
checks to be performed without knowledge of the final
result. Once the important data and fastmc compari-
son plots had acceptable χ2 distributions, the common
offset was removed from the results. The Z boson mass
from the fit to the data corresponds to the input that

was used in the determination of the calorimeter response
described above. The statistical uncertainty from the fit
is 0.017 GeV, quoted here as a quantitative illustration
of the statistical power of the Z → ee sample. Figure 1
shows a comparison of the mee distributions for data and
fastmc. The MW results are given in Table I. The mT ,
peT , and /ET distributions showing the data and fastmc

templates with background for the best fitMW are shown
in Fig. 2.

TABLE I: Results from the fits to data. The uncertainty is
solely due to the statistics of the W boson sample.

Variable Fit Range (GeV) MW (GeV) χ2/dof
mT 65 < mT < 90 80.371 ± 0.013 37.4/49
peT 32 < peT < 48 80.343 ± 0.014 26.7/31
/ET 32 < /ET < 48 80.355 ± 0.015 29.4/31

The systematic uncertainties in the MW measurement
are summarized in Table II. They can be categorized as
those from experimental sources and those from uncer-
tainties in the production mechanism. The uncertainties
on the electron energy calibration, the electron energy
resolution, and the hadronic recoil model arise from the
finite size of the Z → ee sample used to derive them.
The uncertainties in the propagation of electron energy
calibrations from the Z → ee to the W → eν sample are
determined by the difference in energy loss in the unin-
strumented material in front of the calorimeter. The en-
ergy loss as a function of electron energy and η is derived
from a dedicated detailed geant simulation of the D0
detector. The shower modeling systematic uncertainties
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FIG. 1: (a) The dielectron invariant mass distribution in Z →

ee data and from the fastmc and (b) the χ values, where
χi = [Ni − (fastmci)]/σi for each bin in the distribution, Ni

and fastmci are the data and fastmc template yields in bin
i, respectively, and σi is the statistical uncertainty in bin i.


