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We report on the measurement of W bosonmass from a direct determination of the 
ratio of the transverse masses of W and Z using the DO detector at the Fermilab 
TevatronpF Collideroperatingat 6 A . 8  TeV. The analysisis apreliminaryrdt 
based on a partial data sample of 13 pb-l using W + ev  and Z-ree decays. 

1 Introduction 

The transverse mass (MT) constructed for W -+ eu decays is given by: 

MF = 42E$& (1 - cosA~5~") 

where E$ is the observed transverse energy of the electron, & is the observed 
missing transverse energy signifying the presence of a neutrino and A4ev is the 
opening azimuthal angle between the two. 

The conventional technique to measure the W boson mass involves sim- 
ulating the MT spectra with Mw as a free parameter and fitting the observed 
MT distribution using an unbinned log likelihood technique. Therefore the 
modelling of W production, decay and detector response are crucial and con- 
tribute significantly to the overall systematic uncertainty in this technique. 

The transverse mass ratio method discussed here treats the Z+ee sample 
similar to the W + e v  sample thus cancelling many of the common systematic 
uncertainties in the process. A 2 transverse mass is constructed with the E$ 
of one of the decay electrons, while the $T is derived by adding the ET of the 
other electron to the residual & in the event. Hence two such combinations 
can be formed for each Z+ee event. 

The 2 transverse mass distribution is scaled down in finite steps and com- 
pared with the W transverse mass distribution. The W mass is then de- 
termined from the scale factor (Mw/Mz) that gives the best fit of the MT 
distributions using a Kolmogorov test 2. The differences in the production 
mechanism, acceptance and resolution effects between the W and the 2 sam- 
ple lead to differences in the shapes of the MT distributions. The 2 sample 
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is corrected to account for these effects. The differences and the corrections 
applied are discussed in the next section. 

2 Detector effects 

The observed ETof the electron in terms of the true l?i. can be stated as: I& = 
CY-&@CTEM + p + ge. Here a a n d p  refer to the electromagnetic energy scale 
and offset, UEM is the resolution term, 61 represents the smearing of the true p~ 
and U ,  is the underlying event under the electron due to spectator interactions 
and vector boson recoil after correcting for zero suppression effects of the D0 
calorimeter electronics. The ob_served event recoil can-also be expressed in 
terms of the true recoil (pTc):  EFc = 6-@?j?jc 6I Chad + U. Here 6 refers to the 
hadronic scale factor, Chad is the resolution term and 8 is the contribution of 
the underlying event under the recoil. The presence of additive terms in the 
smeared (observed) quantities does not cancel out while taking the ratio of the 
MT distributions. Hence the effects of scale and offsets are unfolded from E$ 
and 82, before computing MT. 

For the method to work, the resolution ( u / E )  of the electron for the W and 
2 must be the same. Because the Z electrons on average are more energetic, 
the resolution for 2 is better (smaller) than for W. This effect produces a 2 
transverse mass that falls sharper than the W. This is corrected by adding 
additional smearing terms to the electron and missing transverse energy in Z 
events. The technique has been tested on Monte Carlo samples and has been 
found to work well. 

The effect of requiring the second leg of the Z decay to be in the fiducial 
volume of the detector causes a bias since an equivalent restriction does not 
exist for the neutrino from the W. This effect is corrected by reweighting the 
event with the probability that the electron f a  outside the fiducial volume. 

S Systematic Studies 

Differences between W and 2 production mechanisms and residual acceptance 
effects are studied using a fast Monte Carlo '. The difference leads to an 
effective correction of 109 MeV. An additional correction of -116 MeV comes 
from inclusion of radiative effects, leading to a net correction of -7 MeV. 

The systematic uncertainties due to various effects are listed in Table 1. 
Electromagnetic and hadronic resolution effects mostly cancel out in this pro- 
cedure as expected. The dominant systematic uncertainty arises from the 
uncertainty in the energy underlying the electron. The error due to efficiency 
effects include uncertainties in electron finding efficiency and trigger effects. 
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Table 1: Summary of sources of systematic uncertainties on the W mass. 

Parameter 

EM Energy Scale/Offset 
EM Resolution effects 
U, under electron 
Efficiency 
Hadronic Scale/Resolution 
# Minimum Bias events 
Total Systematic Uncer 

Error Parameter 
(MeV) 

20 t vertex mean/width 
5 PDF variation 

35 &(boson) 
30 Radiative Effects 
15 MC statistics 
30 Backgrounds 

;aintY 

Error 

15 
15 
15 
15 
20 
25 
75 

(MeV) 

The error due to number of minimum bias events reflects the uncertainty in 
the underlying event energy. Uncertainties due to parton distribution functions 
have been estimated using three different sets: MRSD-’, MRSA and CTEQ3M. 

The total systematic error is estimated to be 75 MeV. Further cross checks 
are being performed, specifically on the difference between the W and 2 pro- 
duction mechanism and its impact on the W mass. However these are not 
expected to have a large effect on the quoted systematic uncertainty. 

4 Data Sample 

The D0 detector and particle identification are described hewhere. Elec- 
trons from W and 2 decay are identified as in the conventional W mass andy- 
sis. Kinematic cuts on the electrons are applied after correcting for offset and 
scale effects. W candidates are selected by requiring p$ > 30 GeV andp5 > 30 
GeV while electrons from 2 decay are required to have pr > 34.1 GeV (since 
they are eventually scaled down). Electrons from W decay and at least one 
electron from 2 decay are required to be in the central pseudorapidity region 
(101 < 1.1). The Z event is used twice if both electrons fall in the central 
region. The selection results in 5244 W and 535 2 events. In addition to the 
selection process, backgrounds are appropriately subtracted and 2 events are 
weighted to remove the acceptance effects. The shape compsrison is performed 
in the fitting window 65 < MT < 100 GeV. 

The selected Z sample is oversmeared and scaled down in finite steps and 
the MT shape compared to the W sample at every step using the Kolmogorov 
test. Since the oversmearing of Z events introduces a randomness, the fit is 
performed several times with different starting seeds. For each fit the resulting 
Kolmogorov probability distribution is fit to a gaussian function and its mean 
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Figure 1: a) Data: M r  (solid histogram) with scaled M$ (points) superimposed, 
b) Mean and c) Error from 1000 Kohogorov fits. 

and error are recorded. Figure l(b,c) shows the distributions of the means 
and errors for an ensemble of 1000 fits. Figure la shows the M$ distribution 
superimposed on the My distribution for one of the fits. 

The statistical error from the fit is 338 MeV. The error based on an ensem- 
ble test using equivalent numbers of simulated W and Z events is 360 MeV, con- 
sistent with that found from data fits. We choose to be conservative and quote 
the higher of the two numbers. After carrying over the -7 MeV correction dis- 
cussed earlier, the fit result is Mw = 80.160 f 0.360(stat) f 0.075(syst) GeV. 

Our analysis on the complete Run I data sample (% 100 pb- l )  is still 
ongoing. The quoted result based on the partial data sample is not competitive 
with the current W mass result. However the limitation in this proceduse 
comes entirely from the limited Z statistics, the error from which is expected 
to reduce purely as N - 3 .  Inclusion of W and Z decays with electrons in the 
forward region will further reduce this error. 
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